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Tnn BIOLOGIC DLt v'i I’l liioDs or somuji in normal jian in 

PATILNTS A\ ITn CONG I STr\ L III ART I AILLRE, AND IN PATIENTS 
WITH THE NEPIIROIK SINDROAIl \S DETERJIINED BY Na AS 
Tin TR \CER 

SvMTniuiinoT MU Giomi Buitcii Ml) \m> P\iii Ri \sn MI) 

Nfw Oni > vNs, L\ 

A SUBSTANCE iiiliodiKtd into in oiKunisin (ends to bo eliminated l\ 
Iioiieiiiinllj tlint is tbe aiiioiiiit excreted is a fairh constant percentnKc of 
that triiieb remains MatfieiinticalB (lie substance is iioxct compIeteK efmiin 
ated, and it is tberefore piclcrible to nieisiire (lie iiitcual of time reiiuucd to 
eliminate one Inlf tlio materi d introdined tins is ) noun ns tlic bwlogtc half hfi 
pcntHl of tbe siibstnine It is imiiortnnl to I non tins measurement for several 
reasons 


(1) The Icii^lli ot time leipiired to cretetr one half an isotoiio oi labeling 
substance inliodticed into an orRanism is eipial to the time rcquiicd to exeroto 
one half tbe total amount of the re„alni form of the substance nliondx picsout 
m the organism Tbeieforc a mensuicment of tbe biologic half lift period of the 
substance intiodiieed niduatcs the total rate of tiiinoiei ot the legiilar substance 

(2) Wiicneter ladioolemcnts aic intioduccd into an oigniiism the safetg 
factor IS deteiiniued in pait bi (be time iiitenal of exposiiic of tbe organism to 
radiations fiom tbe indioclemeiit Radioclcmeiits witb a loii^ pbjsical half life 
such ns lx a or C", uill not dceax rapidh cnoiigli to change their aetniti ap 
prcciablj Tbe degiee of tbcir action upon the organism on tbe other band is 
reduced as tbe ludioelcnioiit is cxcicted Tberefoic from a Inoiiledgc ot tin 
hiologie half life pciiod the duration of exposuie of tbe organism to the ladin 
tions dl the substiince is bnou ii 

(3) Safcti/ mcn^iirci of public bialth imjioitnnce are eoiiceriicd iiitb the 
biologic half life peiiod of ladioelcments and these pioblems mil assume gicifi i 
import as i adioclcmcnts are moi e u idch emiiloi cd 

^ (I) The biologic half life period of a substunee mflueuces the nntme of the 

^ludij concerned xrith labchng bx ladioattixe substances, such ns tlie intt of 
collection of samples of biologic fluids, the lime at uliicli animals must lie sacn 
ficed, and elinieal managemtiit of liiiinan subjects Poi example, a ladioelement 
uith a relatiielj long biologic half life period and a xezj shoit phjsical half life 
ts not suitable foi tiacer studies inxolxiiig oxoi all tuinoier m the organism 
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(5) The biologic half -life peiiod is an impoitant factoi in calculating 
dosages of ladioelements to msuie lei els of counts -which peimit acciiiacy of 
measuieinents 

(6) The influence of disease upon the biologic half-life is significant from 
the point of new of undei standing disease and of planning further imestiga- 
tions 

(7) This nieasuiement is also valuable in claiifving problems related to 
theiapy, chaiacteiistics of species in animals and plants, toxicologj’^, and manj 
othei pioblems peculiai to mdmdual expeiiments 

The wide lanations in metabolic actnity, diet, and geneial biologic piocesses 
affect the biologic half-life of radioelements considerably This is time in health 
and particularly in disease Foi tins leason, values foi the biologic half-life of 
a substance foi a normal oiganism cannot be applied empirieallv to an abnormal 
one Foi example, since the excietion of a substance vanes with each subject 
and ivith the intake of that substance by the organism, anj*^ interpretation based 
upon an aierage biologic half-life peiiod is only an approximation foi some 
other subject with a diffeient intake and a diffeient biologic state 

During the couise of the studi of the rate of sodium tnrnovei in normal 
human subjects and the influence of congestiie lieart failure on sodium excre- 
tion with a blurted supplj of long half-lrfe imdiosodrirm (Na®* with tj of three 
rears), sufficient data were obtained to indicate the biologic half-life period of 
sodium m man These help elucidate the influences of diet and drugs upon the 
biologic half-life in normal man as i\ell as in patients uith chrome congestive 
heart failure and in those with the nephrotic sjti drome of chronic glomeimlo- 
nephiitis 


MATERIALS AND METHODS 

In the studies uith not designed primarily for measurmg the biologic half Me 

period of sodium, twelve subjects were observed continuously for periods varying from 
twentj to seventy days Tour of these were normal subjects, six had chrome congestive heart 
failure (two were slonlv improvang two rapidlj improving, and two slowly becoming worse), 
and two patients had the nephrotic syndrome of chrome glomerulonephritis (see Table I for 
clinical details) 

Na22, as NaCl in appro-umately 2 c c of water, vvas administered intravenously to each 
subject Doses with an activity such that there were 17,725,000 counts per minute (about 
09 me ) were administered to seven subjects (Nos 2, 3, 4, 5, 6, 11, and 12), 12,500,000 
counts per minute (about OG me ) to three subjects (Nos 1, 7, and 9), and 10,000,000 
counts per minute (about 05 me ) to two subjects (Nos 8 and 10) It was found that 
sulHcientlv high counts could be obtained by injection of smaller doses, necessitated by the 
bmited supply of Na=2 

Each specimen of urine during the entire period of study was collected separatelj, and 
dailv blood samples were taken The volume of each urine specimen, and the radioactive count, 
were recorded so that total elimination of radiosodium could be determined Counts of blood 
serum were followed as an index of radiosodium concentration in the extracellular fluid 

Sixteen free falling drops of unne or serum from a calibrated micropipette were placed 
on filter paper disks fixed with rubber cement to metal disks so that the quantity and 
geometric characteristics of eacli "sample remamed constant The samples were counted for- 
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fiTO mmutoa mica window Gcjgcr Jiullcr counters Corrections for background t\crc 
made, and tlic data were recorded in counts per minute per cubic centimeter of fluid In 
order to compare tlio coneontrufiona of rodiosodium m tJio scrum, all counts uerc corrected to 
correspond to nn injected do«ic of 17,7-uOOO counts per nuuuto for each subject The range 
of error vras plus minus 3 per cent 

The uriimrj excretion of Nu u is expressed m terms of the percentage of injected 

Na which was not eliminated tlio Kidnojp This value, represented sjanbohcallj' as 

was calculated from the equation 

t 

%N, = (l - X 100 

ulicro 


Is = injected Na in counts per minute 

k ='\a excreted in urine onlj during the s daj after in 
jcction expressed in counts per minute 
%N, = percentage of injected l*u not excreted in urme by (he 
end of the t '■ dn> after injection 

Weights and fluid intnko and output were recorded dnilj for each subject The sodium 
intake was varied in some instances from low (<^1 7 Om NelCI per clay) to regular (8 Gm 
NaCl per day), to lugh (13 7 Gra NaCl per day), and the effect on the rate of elimination 
of radiosodium was noted Mercurial iliuretics* and other drugs, used frequently in both the 
diseased and normal subjects, exerted some influence on tho rate of excretion of the rndio 
sodium 

Mercuhjdrin (sodium «ialt of methoxjoxInicrcurlpropjlKUccInjUirea with theophj lllne) 
lurnlahed b> courtesy of Lakeside Laboratoiles Milwaukee Itis 
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T\bif II The IsBinDL vl AIean C,/. and U,/. A’'aexjes Tof the Subjects Studied 
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Fis 1 — Seniiloganthmic graphs of relation of changes in serum concentration 

(counts per minute per cubic centimeter) to time 

A, Four subjects loitliout cardiovascular disease The mean rate of fall in concentra- 
tion Tvas such that half-concentration was reached in 13 3 da\s (Ci/-) 

R, Formal Subject Ao J, sliowing a change in rate of fall in concentration with \aria- 
tions hi sodium content of the diet low sodium diet (17 Gm NaCl dail} ) and high sodium 
diet (13 7 Gm IsaCl dail> ) At rate a, with low sodium diet serum concentration reached half 
the initial \alue in twent\-fl\e dais At rate b with a high sodium diet half serum con- 
centration was reached in eight dais and at rate c when a low sodium diet wras resumed half- 
concentration was reached in eighteen dajs 
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JicsnK'i ni*c suininiiri/td in Tiihlc I! niul in J 2 *] 4 mid o 

J Coufrol ^ — Tn tlic fom contiol sidijccts wJio Iind no distmlniKt in the 
c^IdI(n iscidai system and no 0 {?enn the* scinin conccntiition of \a dioppod 
to linlf tlio initial level in an a\(nf,e of 1*5 1 dms, the oxticmcs bcniff tvvthc and 
fourtcoudivs (Table 11 and I 1 and 4) he inte ot tlmuuvtion of tiu iso 
tope ni the iiime was siuh that out half of the Na adniinisteud would ha\i 
been CNcrctcd in an nvcia^t of 2hb da\s with a niifre of niiio mid toitv two da\s 
(Table If and 1 i^s 3 and 4) SubpLl \o 3 deinonstnltd the infliicnei. winch 
intihc of iodiuin cldoiidc has on the lalc of elimination of Nn fiom tlie bocl\ 
(Pjfjs 1, ]$ and 3 li) The iat( of dceliin in spriim coiippiiti itiini nlioitn oin 
Imlf tlic initint conccnlintion was lonihod ni twciiH (i\c dnss when tlic patunt 
"ns gnen 1 7 Gni of availnlih sodium pidoiide nicrenspd to a latt whetcin one 
)mlf the inilinl (oncpiili niton was nllaiiicd in eight dn\s (Ihiie times ns rapid) 
"hen 73 7 Gm of nuiiJaWe eh/oiide uas alloiwd and then ehniigcd again to a 
reduced into of oiglilten dins "htii llie iminni ngnm leepned 1 7 f m ntailaiile 
sodium eliloiidc (Tig 1, It) Siimlai icspoiisi was noted foi rates of climmatioii 
in the Huuc (Fig 3 It] 

J Patieul^ 11 it/( Cliioiiu CuiiOi^hir Haul loiliix — 

(a) Paliciiti &lowht hiipioiing In two patients "ho "Cie slo"h leeoeer 
mg from congcsti\L lieart fniinrt foile and forte t"o da\s woie leqiiiicd tot the 
serum eoiicenlration of ^n to tench one halt the initial loeel (Table II and Z^igs 
2 A and 4) These patients leeiniied about three times ns main dins as tlie 
conttol subjects for icduction of seium ooncenttalion of Na to half the iiittml 
letel The Na was eseicttd in the urine at such a inte that state and soeente 
f"o dajs "oitid liaee been leeinirtd to cacicte one Imlf the administered Na ’ 
(Table II and Figs 3 C and 4) The rate of cscrctioii of Na m the nitne jl 
the contiol subjects "as more tliaii twice as lapid ns in the patients witb benit 
fatluic 

(b) Patients Papirlly Itnpioviug The two patients ivttli chtonic eongestiee 
heart failnie who improeed rapidh reepiircd an aeeiage of 20 5 tlajs (eatieines, 
Ihirteen and twente ei^ht dues) foi the seium concentintioii of to reach 
one half the initial lot cl (Table II and Figs 2 P and 4) The mean rate of o\ 
eiction of Na” was 29 5 dn\s, the cstiemes hemg tweiitj sis and tlinte tliiee 
(laes (Table II and Pigs 3, D and 4) Although the aeeiage late of decline in 
the serum concentration in Patient No 7 was thirteen dais, once impioaement 
began, the rate of decline esceeded that of the control subjects Initialij the 
rate of decrease in blood concentration of Na was such that half concentiation 
would have been reached in tiftj fice dajs Daring lapid impiosement howetor 
this level was attained in six dass, a late iiioie lapid esen than that of the con 
trol subject on a high sodium intal e The lates of elimination of Na in the mine 
of this patient tended to paiallel changes in concentration in the serum (Figs 
2, S and 3, II) Patient No S also showed two rates of decline in setnm concen 
ttation of Na““ (seveiitj one and tweiitj four dais respectneh reqnued to reach 
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Semilogarithmic graphs of changes in serum Ka^ concentration (counts per 
Sir.™ cubic centimeter) as a function of the time for six patients vdth congestive heart 
lanure ana two patients with tiie nephrotic syndrome of chionic glomerulonephritis 

Ttro poti^ts JOjth congestive 7ienrf failure ivlio loere sloxolu improving Patient No 5 
serum >fa~* concentration so that half-concentration \vas reached 
^ Patient No 6 showed a mean rate of fall in concentration so that half- 
reached in fortj-tno dajs It may be noted on the graphs that for each 
straight hne several rates of change existed, although only the mean rate Is shonn by the 

_ patients imtJi- conpesfiue Jieart failure who weie rapidly improving Patient 

V showed two distinct rates of fall m serum Na^ concentration The first rate maintained 
such that half-concentration would have been reached in dajs 
£'atie«t No 8 also showed two distinct rates of fall in serum Na» concentrations The first 
rate present for eighteen da>s was such that half-concentration would have been reached in 
se^ent>-one da'ss whereas with the second rate t^^entJ-four dajs would have been necessary 
Gj Two patients with comyestive heart failure who were sloioly tecoming worse Patient 
^ showed a mean rate of fail in serum Na— concentration so that half-concentration was 
A'} ^ -Pafienf No lO showed a mean rate of fall in concentra- 
♦ that half-concentration was i cached in thirty da%s Se\eral rates of change in concen- 

l^e noted although onH the mean rate for each patient is indicated by the straight 

patients with the nephrotic syndrome of chronic glomemilonephritis Both of 
these patients w^e discharged from the hospital and later readmitted for continuation of the 
studies On the first admission Patient No 11 showed a mean rate of fall in serum Na-- con- 
centration so that half-concentration would have been reached in flft\ -eight da>s (Ci/ ) 

Ing the second period of «;tud> this patient showed a mean rate of fall in concentration so that 
half-concentration would ha^e been reached in thirty-se\en da'vs and Patient No 12 required 
ftfU-four da>s 
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Imlf concentration) and at least two intcs of elimination of Na in the unne 
(Figs 2,limdS,D) TJiesc two patients eliminated Na more rapidh than tlic 
two patients who wcie impioMiig slowh 

(c) Paticjiis Slouhf Becoming It oisc Two patients giadualh became clini 
call} ^vo^se tluoughout the pcuod of stiuh The sciaiin concentration of Nn was 
reduced to one half the initial \aliic in an a\ciacC of twcnt\ se\cn da^s the 
extremes being twent} four and thiita dn^s (Table II and Figs 2 C and 4) The 
mean rate of loss of Na in the urine was such that one half the administered 
Na would ha^c boon cxciotcd in si\t} dn%s, with extremes being foit\ eight 
and se^cnt^ two daas (Table 11 and Fig 3, F) These patients lequiied a longei 
period of time to exerctc the Na than did the control subjects or the patients 
wath congesti\c heart failuic who wcic rapidh impiosing but esscntiall} the 
same time was necessan in ]nticnts wlio weie slowh impro\ing 

3 Vaiicnts With the i\cp/iro/ic Syndrome of Chrome Glome) uloncidu itis — 
The two patients with the nophiotic sjndronic showed the slowest rates of 
elimination of Na The decline in the seium concentration of Na was such 
that an average of fifts six da^s (exticmcs fift} four and hft} eight) would 
lia^e been required for the serum Ic\cl to reach one half the initial value (Table 
II and Pigs 2, D and 4) Tlic rate of Nn excretion m the urine was estreme]\ 
slow in both patients an aacrage of 513 dajs would lia\e been nccessarj to 
eliminate one half the Na administoicd (Table II and Fig 3, F) The control 
subjects eslubited a rate of decline in the seium concentration of Nn” more than 
four times as rapid as m these patients and the rate of urmar\ elimination was 
ten to twenty times as lapid (Table II and Pig 4) 

DI«:CUS«5IO\ 

Horgau' suggested the sjinbol *‘Tc’* foi the body elimination half lue 
This tcian is satisfactorj if-tlie time icquircd to eliminate one half the radioactive 
material administcicd can he detcimincd witliout too much difficult} Un 
fortunate]}, this is not casil} accomplislicd in man, espceiallv foi sodium 
hosults indicate that thcic aic coiisidciablc vaiiations in normal as v\eU as in 
diseased man Because of these wide vaiiations fiom moment to moment 
and because of diffeiing conditions of eiiviionment, diet phvsical actuitv, 
seventy sta^e and couise of disease, theiap}, pievious phvsiologic state 
and inaiiv otliei factors, it is possible to obtain onl} ni appioximation of the 
time required to eliminate one half the radioaclivc mateiial administered 
Purthermoie values obscived foi changes in blood concentration diffei from 
those for elimination in the mine (Table II Pigs 1 to 4) It is, theiefoie, 
preferable to indicate in the sjanbol foi the half elimination time the method 
by which tlie value was obtained It is suggested that the following symbols be 
employed in the discussion of rates of elimination 

Bi/ ^Itologic half life, that is the time required to eliminate one half 
the administered tiacei substance from the body This coiiesponds to the 
‘Tc’^ value of Morgan 

Ci^ => c^M^cc 7 i^ra^^on one half, that is the length of time required for the 
concentration of the tracei mateiial m the bod\ fluid or substance or 
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I fOT 4 II subjects shov. ing the urinary excretion of Na“ 

(1 'vhtoh T(as not tUniinated bj the urine) This snlue nas obtained 

tl counis 01 Tv, 1 rlnilt 1, nnu.^ 4 . ^ *»,« A-ne.* noe 


, Fig 3 - 

(percentage of i^a w 

from thp tfttfll X > ^-7 '.VV nuu IJJC UnXiVx/ j-jh? >ai*mw m «.5 WMV.*...— 

subtracted from totii excreted daih through the urine That for the first dai tsis 
serlalK Each resiift injected the total for each succossise daj tvas subtricted 
salues represent i as a peicentage of the total injected dose These 

excreted b\ some ^ 1 , 1 ?^ nhich has icnialned xvUhin the hods plus that nhlch has been 

also indicatertbe ’"s not been elimmited in the urme TWs 

also indicates the rate of excretion bx way of the urine 

urine tiu ‘^ardiovascaJar disease If all the Na=> iiere eliminated in the 

(mean xalue Ui/ T'hich one-half of the injected radiosodmm isould have been excreted 

changes jn'^ ^ i changes in rate of excretion of Na=i in the urine vvith 

the &to of ehminatmi °f the diet. For tvientj-tiio davs during a lonr sodium diet 

would Mve been that one-half the sodium present In the body 

high sodium diet cac hundred dajs (Ui/ ) For the next nineteen dijs during a 

hein exoreterl in fbo ^ excretion increased so that one-half the hod> sodium would have 

a low sodium rt.pi nmT nineteen days For the last nineteen dav'S of observation during 

‘lodlum was antidiuretics the rate of uiinarv excretion of bod> 

present at the hpnl'nnin would have been required for excretion of onc-half the sodium 
thirtv davs'^’ beginning of that period Actuallj one-half the Injected Na® was excreted in 

ferent^raTes°of '"exwminn^f coiiaestioc 7ica»f Jntlwe wUo were slowly impiounip Seveial dif- 
bemg sKtv-six daxs mav b. noted the mean rate for the two pitlents 

oemg Mxtv-six dajs foi excretion of half the Na= injected 

of cchp^tiue heatt fmlwe who were rapidly tmproUnp Several rates 

jeernd'^Na-V^toe’^rm^ 

in rate of^'^exciadinn heart Jaihne xoho were elowht becoming worse Changes 

exeStfon of one 1 mf n,!' t'’® other subjects The mean time necessary for 

excretmn of one-half the injected sodium through the urme was sixty davs 

were excrete?! onU m ^/‘® ’'optiiofic syndrome of chronic glomerulonephritis If sodium 

half the injecfe?radms“diu^^ required to excrete one- 


nioi o{ !c ni c in iod^* oi «!odiua U 

si)ecifH loinjmi tiiiPJit t(» nnUi one half the eoncciitialion existing at am 
lime nftci oquihhi nun ol distiibiUioii of the ti icci lias been loaehcd 
It is thus possible to speal of the Ci ioi eeitbiusininl fluid Cu foi 
hepatic pirencliMim Ci Xoi blood seium 
Uj^ «« ininary chmination one half that is the length of time necessai} 
to cliininate in tin mine one hall tin liatei inatennl adininisttied 

From the point ol mow of it is jutnnl!\ the ( i tliat is nniioitant 

Since tlic Ui/j and Ui^ aie snimtniKs cxticnieh diAtrcnt, initiculiilj in ab 
iioriml states (Talilc 11, 1 i^s 2, I and 4), the Uij \ahit is ol little issistanec 
m calculation of dosages and nin\ lesnlt in crioi is (titTnil> impoitant 

l)Ut IS not casih detcinnned in nnn espinalh foi sodium SncJi a detcimiiia 
tion 'uould rcqniic meisuiiiig all of the i idiosodmm excreted b^ all a\emieb 
for long pcuods in a ..leat iinm poisons nndci ^alMno conditions of diet 
environment disease, md theia]i\ tins is a ticincndons t is) With tlic present 
state of knowledge of ladiochmonts and hiolo^u influences of ladioactivitj 
Cjg and Uu fmiiisli import nit data of nscfnl jdnsiologic nitiuc The possi 
bilitics of V Illations in Iji , Oj , and Uj uc discussed in n sciond papoi, and 
various mechanisms 1)\ which thev mn\ difici considciabh nio suggested 

In all subjects studied Cij was less than \ ij except in C'ontiol Subject No 
2 Cnitiful anahsis ol the dita i iiled to suggest a i ilionnl exjilnnation foi tins 
thserepaiiev Ui, is vxpoctod to be grcnlci than ( i since sodium is eliminated 
hj avenues otliei tlian the unne such as sweat tins sjnitum feces vomitus 
nnd otliei bodj fluids “Bnidnie, of sodium in ctlls and onto cells proteins, and 
other eonijdex nioloculos can necmint in pait foi tliesc diflcienecs These factors 
should lie studied in exiieiiments dcsi^iud to dclcinnne the Bi the piescnt 
expoiiments howcvci weic jilanned foi otlici piiiiioscs and it was not possible 
to make these ineasiucmcnts Ihtv weic satisficton foi detei mining the Ci/j 
end Uij 111 tlic subjects obsoived 

Tlic C) and would be cxpctlcd (o be identical ni subjects in whom the 
size of the sodium compailiuciit fails to change, and tins is nioic hkclj to occur 
m normal than in diseased subjects This is piobiblv tiuc foi Control Subject 
^0 1, who was appiicnth noimal m cveij lespcct This was tiue clmicallj/ foi 
Subject No 2 except that she had fcvei with aithiaigm tliree weels betoie mi 
tiation of the studies Conti ol Subjects Nos 3 and 4, wlio suftered from dys 
pepsia from time to time and expeiienccd aonntmg oceasionallj , weie not trulj 
normal but could lie consideied so foi piaclical piuposcs 

It is obvious fiom the values obtained foi Cj^ and Ui that Na * is not 
J>uitablc foi mcasiuiiip, these iiniainctci’s oi foi measuring Ei/ Na on the 
othei Iiand, is excellent foi such piuposcs Althougli the supplj of Na was 
limited, a relatively laige luimbei of subjects was oliseiacd for long periods of 
tunc If the Ci/. values approximate the E/^, the phvsieal half life period 
(three yeais) of Na is of little v due in safetv considei ations for the subject, 
because tlie radiosodium is cxcicted long befoie sufficient physical decay can 
occur, tliat is foi biologic purposes, Ni = may be consideied stable Na on 
the othei hand rajiidly decays to levels of ladioactivity too low for accurate 
nieasiuements of biologic decay periods 
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Althongh tile subjects weie followed foi as many as sixty consecutive days, 
the Cw 01 Ui/_ \ allies often exceeded tins peiiod eonsideiably, so that it was 
iiecessaij to extiapolate the obseived cuives to obtain the I'aliies of 
Uu lecoided This was tiiie for onlj two of the Cy. detei minations and foi 
seien of the Ui/ Theiefoie, all the values of Cn and Uy actually indicated 
the rates of change that existed only foi the dais obseived 

A numbei of factois otliei than excietion can altei the Cy As mentioned 
prcMousli, a fixation of sodium to cells oi piotein and other laige molecules 
Mill 1 educe the sodium content of the seiiim and the Na== concentiation Fixa- 
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tion 01 biiuliii^ ol the tiaen ciiii lesult m a state such that C„ cannot he equal 
toBi/ Anotliei impoitant factoi is i disut|)aiic\ in untei intake and output 
particulnilj in states of edi ina ^^llCll iiioie «ater is taken in tlian is exacted 

RELATION or DIET TO CHANGES IN RATES OF EXCRETION AND 
OF DECREASE IN SERUM CONCENTRATION OF Na 

lUSJCCT NO 


2 

3 

4 

5 

6 

7 

8 

9 

10 
1 1 
12 



ff H 5 —-The relntlonshlp of chunBo In »-o<11um content of the diet nncl change in th( rat 
9^ serum >.n- conconlmtlon and change Jn the rate of iirinan excretion of Na® 
Sodium content of the diet la Indicated bj //9 (high /fodlum 13 7 Gm NtiCI 
(3? K i sodium If s than 1 Gin NiiCI dnll\ ) p<i (regular sodium Intake 8 Gm 

seAitss rates are denotctl b> arrow T Indicate'! a more rapid rate of change m 

Timn 1 ^ concentration or rate of nrinnrj excretion 1 Indlcntfs n reduction in either ratt 
me 13 recorded as dn>s of oliserxntlon High correlation of change in diet and change in 
le may he noted In Subject No i but p or corr litlon exist in the others ( ee text) 


tlien tlie Ni content of tlie 1jo(1> fluids will be diluted ind the seiiiin Na con 
^’entntion ^vill be dimiULshed If Na* counts foi the scnim had been emploAed 
ilone in the intcipretations the late of excretion of Na * so obtained Mould 
^3'e been inaccniate In fact, if the sodium excietion fell almost to zeio in a 
fiian Mho lapidl^ became edematous slioith aftei administration ot atiacei dose 
of Ni “ and if the edema were sufficiently sc^eie to double the volume of the 
sodium compartment of the body then the Na* coiicentiatioii in the serum 
'voiild be reduced to one half the initial value Tims the subject might attam a 
Ci/j value Mitliout excieting any sodium but such a value Mould certainly differ 
greatly fiom the By This dilution phenomenon Mas noted in some of the 
edematous patients studied (Subjects No 9 II and 12) 

If the ie\ci‘se situation occuis that is if an intensely edematous subject 
loses Matei moie lapidh than sodium, then an actual use in the scrum conceu 
tration of Na and therefore in the Ci^ time Mould ensue Here too the 
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Ci'_ and Bv values would diffei It is obMous then, that the C14 and values 
cannot lie accepted as sunilar, paitieulaily in suhjects with edematous states 

A glance at the biologic decay euiwes leieals consideiable fluctuation in 
the SCI urn coucentiation of Na-" These fluctuations aie partially due to 
technical \ariations hut 111 gieatei pait aie attiibutable to changes pioduced 
by phenomena deseiihed in the pieceding paiagiaph Piiitheinioie, some of 
the laiiations aie the lesiilt of lesponses to diiigs and othei phaimacologic 
leactions The lesponses to such mateiials as desoweoi ticostei one acetate, mei- 
ciinal diiiietic, sodium chloiide and watei intake, lielahvpophamiiie, and am 
moniiim chloiide weie studied These substances dehnitely influenced the Cy, 
U y and By of the subjects In some instances these coiielations m eie difficult to 
inteiprct iiheieas 111 otheis the} weie eas}' Poi example, in Subject No 1, the 
Oa/ and Ui/ weie influenced significantly bv tlie ■sodium intake in the diet, a 
coil elation made possible by alloiiing mainly dietai} sodium to van (Figs 
1 B and 3 B) When the subject was on a low sodium chloiide diet (17 Gni 
oi aiailable NaCl), Cy_ and Uy w'Cie definitely longei than dining the interval 
when he was leceivmg lelatiiely laige cpiantities of sodium (13 7 Gm of 
aiailable NaCl) Foi example, initially wdiile on a low sodium intake, 0% 
and Uy sallies w'ere tw^entv-fiie and one bundled days respectively, on high 
sodium intake they weie i educed to eight and nineteen dais, and when a low 
sodium intake was lesiimed, the Cy and Uy values lengthened to eighteen and 
two hundied and fifty days respective!} The coirelations weie impiessne and, 
of course, piedietalile j\Iost subjects, howevei, failed to show' a definite lela- 
tionship between Cy and Uy and sodium intake (Pig 5) This failiiie is 
related to othei factois such as dings, wmtei intake, and the like, which influence 
Cy and Uy 

Anothei obiious faetoi of impoitance to considei when measining the Cy 
and By in edematous subjects is that conceined with the mechanical lemoval 
of fluids fiom vaiious comiiai tments of the bodi - Poi example, if large 
quantities of aseitic fluid 01 pleural fluid aie lemoied fioni a subject at 
eqmlibiium and containing Na-" By will be changed wuthout changing Cy 
This factor mav become significant in a subject wdio is receiving repeated paia- 
centeses Piopei considerations can be made foi such factois 

Extremely edematous subjects who rapidly improve may exciete sodium 
at a rate considei ablv gieatei than that observed in the iioiiiial subject undei the 
same therapeutic regimen This phenomenon was noted foi Subject No 7, who 
had severe cliionic congcstiie heart failure with anasarca Diuresis was intense 
and prolonged, and diiiuig this pciiod the Cy and Uy_ weie six and tw'entv-two 
davs lespectiiely The Ci^ was shortei than that obseiied for the control sub 
jects, even when sodium intake was high Obviously, the subject W'as excieting 
the fluid of edema and Na'" at a rapid latc, with the Na"" elimination out ot 
proportion to the watei Tins resulted in a relatively short Cy At the same 
time the By period would hare to be shoit 

The results demonstrate reduction of sodium excretion in patients wath 
chronic congestiie heart faihiic and chionie gloiiieiiilonephiitis of the ncphiotic 
type The mean Cy periods were several times longei for these diseased sub- 
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jicts Itinii foi tliL loiitiols 'llitii w(i( peiKids ot inipiOfcniLiU lio«cffi foi 
patients ^Mlll coii^cstut he lit fiiiliiu hIkii Cl nml Ui neu slioitcnetl These 
obsonatioiis iiulicatL tlu ini(ioitiiui o[ toiisiiliuii„ tlie nbnoiinal state in 
calculation of safoti doses of uidiosoduiiii It is csseiitiiil tbit such iimations 
of Bi/j be Knouii foi am tijic ot iiuliociciiicrit 

It 13 lelatuch eisi to dttf inline C«. iiul Ui foi n nclioolcmeiit wluiiis 
foi a labeled Loiiipoiind oi cicii a simple iiiolcciilc it is iiuiili moic difficult 
flic Inbclin^ isotope is hemp tuiuid o\ci ’ in the moleculf of tin libeled sub 
stance, and the siuistaiice itsdt is «l« ns m the pioecss of biealdoun and 
[iiitiiil or coiiiplcte issi iitliesis Siinclinits it is cieii iiossiblc to label complex 
stiiictiiies to ti ice then 13 i a p iiiiineti r uitluiilt to ccnlimte ei en foi elements 
Tills IS uell e\cin|ililicd In the iiii isiiienKiil ol tbe Bo pciiod ot e i-j tbioci tes 
uitli N' ^ I c ' IS not ns sitisfinton as and P“ is eicii less satislaefon 
IS a tiacor isotojio buaiise it does nol leniain wilbm tbe ontbioeites tbioii„b 
out then life Piotiei eoiisnb i ation must In "11111 siicb pieiblenis in tlitoimini 
tioii of tbe ti Uii, 01 III peiiods 

S| IIMIIII 

liites of cliniiii ition of solium iieie studied nitb Ni as a tiaeci iii 
noinial niaii and iii mm siilhiiii,. Horn ebioim ioii„tstiii be lit failtiie or 
liom eliioiiii f,loineiiiloiK|ibiilis ol tlu iiepbiotie t\ jic 

Because of the naliiie ol the expeiimciils the tine biologic half life peiiod 
(Bij) lias not nicasnicd diKftli Insloid tbe turn nofissnii to icdiiee the 
sornm eonecnti itioii to one bdf tbe initial Kiel nttci tbe i stablislimeiit of 
Pf|iiilibinini (C'lf) and tlu tune leipiircd to ilinimiitc one bdt tbe injected 
^a III the iinne (hu) luio dileiimmd I / mints obtained weio iisimlh 
less than the hu oiks Ci/, in the contiol subjects most oiobabh Mas 
fipnl to Buj but this iias not lit eli to be tine loi the nbiioimal subjects 
and Ui/ 1 iricd considciabli iiitli 1101 mat pbisiologic plieiiomena and Mitb 
such nbiioiiiial states is congest no heart failiiic iiepbiosis, and iiitli ndmiiiistra 
tiou of drugs, iiid soduini and untei iiital e Foi example a diet low m salt 
appeared to ieiigtlion the time of C> and Uv wbcieas a diet high in salt was 
sboiin to shorten them 

C14 was inereased about lliicefold 111 patients iiith cliioiuc congcstiie heait 
failure and about fivelold 111 the picscncc of the nephrotic sjndiome U14 was 
increased to an eicn gieatei extent bi these diseases and Mas influenced bj tbe 
piMgrcsi, of the pioccss When the diseases ucic aggiaiafcd and fluid of edema 
Mas accumulating the iiifliicncc of dilution modified the Cu 

The iinpoitance of these obsei \ at ions and the relitne gciieial significance 
B;4, C^, and U14 iiciiods in the biologic application of ladioolements, par 
ticiilailj ladiosoduiin, base been discussed 
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THEOKETIC CONSIDERATIONS OP BIOLOGIC DECAY RATES OP 

ISOTOPES 
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T he latc Mhicli isotopes aie eliminated from an oiganism is of impoi- 
tanc e phj siologically, in safety considerations, in calculation of dosages, and 
foz mam otliei leasons In previous studiest concerned witli biologic decay 
peiiods foi the ladioactive isotope of sodium (Na®-), it became necessary to 
eiitei into theoietic eonsideiations of rates of change in concentration of the 
isotope in the body fluids and in othei compartments as well as lates of elimina- 
tion These eonsideiations hold foi anA”^ tracei and foi the entire oiganism oi 
aiiA eorapaitment Avithm it, legaidless of size oi location Results obtained and 
concepts dcA^eloped aie uoithj^ of lepoit because of tlicir geneial application to 
biologic and otliei tiacei espeiimenls 

Aftei a smgle administration of an isotope and establishment of homeostasis, 
elimination and change in eoncentiation of the isotope in the compartments of 
the bodA aie dependent upon many related factors Only a few of the factois 
aie lelativeh fixed, and Aanations in them may inciease with abnoimal states 
The patteins of elimination and variations in eoncentiation aie complex Poi 
example the excietion of an isotope is i elated to such phenomena as the follow- 
ing 

1 Theie is daily lowering in eoncentiation and/oi total amount of the 
isotope within the bodj because of continuous excretion From expeiimental 
uork done to date, it appeals that excietion occurs exponentialh^ 

2 Change in eoncentiation of the tiacei mateiial results Avhenevei the 
volume of the isotopic compaitment vanes 

3 The daily intake of tlie nontiacei foim of the element usually affects the 
behaAioi of the tiaeer foim 


It IS impossible to considei all the factois associated ivith elimination of an 
isotope 01 laiiations in coneeutiations ivithni its compaitments in the bodv, 
among those heiein considei cd aie 


1 Yaimtions in intake of the nontiacei foim of the substance 

2 Vaiiations m lates oi elimination of the nontracer substance fiom the 
01 ganism 

3 Yanations in Aolume of the compaitments of the substance 
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IlIOI n( 10 I)I C\\ It\TIS 01 lt0T0I^S F) 

Tlicse fiLtoiN (Icscue itt<iitioi) in biologic «oil coiicoiind iiitii tinu 
studies, since nn^ one of Itieni nn piodiicp n lonsidoiable clinii'fc in conecntui 
tioii or eliininntion of the ti icei dcinont Toi this reason sucli jiiRnonuiu 
Ailiicli lie independent of tlic Jilirsiolojtic jiioicsscs tieinp; obsened must lie 
einlunted ndequateh or coiitiolhd 

It is well to define ceilnin ft mis ciiiplored m this discussion 
riimmation denotes aiij niosement of the substance being studied from tlie 
compaitment undci obscmtion Toi example if the sodium in the e\tn 
cellular fluids passes into cells oi into the in me it is considered to Inie heen 
eliminated from the compartment of cxtiacclliilai fluid icgardlcss of the mech 
anism bj uhieh this tiansfcr oetiiis 

IntaJ c lefei's to an\ addition of the snbsl nice to tlic compartment imder 
studs Thus, sodium added to tlie cxtiaccllulai fluid compaitment from tlic diet 
or from mobilization of sodiiiin fioni bones or cells is considered intal c 

Volume of ihc cnmporlmcui indicates the loliimc of that poition of the 
orgamsm iihich is under studs ssitli the tracci It is much safer to include in 
any compartment that portion of the oiginism ssliich is phj siologicallj (inclnd 
mg phjsical and chemical behaMoi) liomogcncons Tor example, it svould be 
less satisfaotorj to group all poitions of the bods in srJiich sodium is found as 
the sodium compartment than it ssoiild be to consider scparatels the sodium 
compartment of oxtiaeollulai fluid of bone of cerebrospinal fluid, and so foith 
This IS particularls true sshen rajnd oi sudden changes aie occuiring in the 
clement being traced 

From the three teims just defined it becomes obsious that it is passible to 
consider the si hole organism ns one compaitmtnt oi any poition of it as a com 
partment, for example, the extraeelliilai fluid space pleural casity indindual 
cell, or nucleus of a coll 


Till PrODIXM 

It IS adsisable at this moment to piesent biiefls the problem to be con 
sidered in these discussions This can be done satisfactorilj through the 
medium of Fi^ 1, si Inch illustiatcs a tank At time t this tank contains a 
compartment iiitli a soliime, V, into sibicli is dispersed a substance M, in 
solution or other state, to be obseised To the tank theie is being added eon 
timioiislj more of tbe material siliich constitutes the dispeising compartment 
or medium Vi as si ell ns mote of tbe substance to be obseised, I Sinml 
taneouslj, a certain amount of tbe dispeisiiig medium and a ceitam 
amount of the substance under obsersntion K, aie being remos ed continuouslj 
from the tank thiongh a stopcock It it is desired to trace this substance 
svithin the tank, then at a time t = 0 the known quantity of a tracer form, N, 
should be added to the tanl If it is added at a gis en moment, it soon attains 
equilibrium of distiibntion siitli the nontiacei form the substance to be 
observed Moreosei, it is impoitant to leiiiember that since the tracei form 
IS not added continuoiislj , this form N is being removed gradually from the 
tank bj svaj of the stopcock 
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HYPOTHBTICAX TANK 

V, I 



i i I 


V, N, K 

Pigr 1 — Diagram of a Unk or compartment containing Na"* In iMter m >>liicli the 
''’I lemains constant Na“ as a tracer substance Is atltled at an Instant to 

label the Na“ The Na" and Na» aie alavajs thoroughU niKtd To this tank more Na 
ana Hater are being added iihile Na“ Na’ and ivater are constantly being remoieo The 
? to determine the change in total quantity and concentration of the Na” (the tracei 
substance) vrlthin the tank foi various rates of Intake and output of Na-* (the nontracer 
substance) Man oi anj oiganism or poition of an organism maj be compared to the tank 
bee text for details 


CONSIDERATIONS 

1 If ON, coneeutidtiou of the tracei element, is being obseited m oidei 
to gam quahtatite and quantitatne infoiination concerning the tiacei sub 
staiife, N, and the nontiacex substance, M, then it is uecessaiy to leahze that 

(a) CN IS being affected bi the escape of N horn the tank if V, the 
tolnine of the compaitment, does not change pi ojioi tionately 

(b) CN changes if Nr (the excietion of N) is zeio, but V changes 

(c) CN IS dependent upon the lelative laiidtions in Nj,. and V V, of 
coiuse, depends upon the lelatise \aiiation in Vi and 

2 The total quanhti/ of N, independent of concenti ation within the tank 
at am gi\en time Aaiies nilh the late of dischaige of N fioin the tank 

3 The tank ma^ be coiisideied to be anj Inmg oigamsm, such as man, 
111 Mdiich a substance is being studied by the tiaeei technique Undei biologic 
conditions ccitani fiuthet icstiichons would have to he tmposed upon the 
“tank ’ Poi example if an electiohte, whose lole in the pioblem of isotonicitj 
IS unj)Oitaut, is being tiaeed, a piopoitionate niciease ni the volume of ivatei 
will be necessdii whcnoiei the electiohte accumulates within the tank Tins 
IS tine to a mnioi degice when such substances as tat oi glj cogen are undei 
obseicatioii Tbeiefoie if V, the \olume of the dispersing compaitment, 
vanes then the coneenti ation of N will xaiy accoidmgly Pnitheimoie, it a 
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restiiction is appltctl to tlic tank so that tli< osmotu foice of M witinii V is 
constant, t)un Hit lariations in toiuintintioii of N and M and m tlie quantiU 
of 27, M”, and V iw/t In dctcimiiud In (Ito loJatnt intal t and elimmation of 
M and V Ohanqcs i/i the concfniratwtt (m<J total fjuaufilt/ of N u itlnn the 
tanly vUl he determined hij the rrhttiir vital c and output of M and V 

bt«/o«7(/ liitucen (he laid oad U«ii — Viu lutn^' oi^amsiu is i \ iiulo oi 
am part of iJic oi^.anisni io‘,aidlts.s of si/t nia\ lie cominiod to the t ink "W ith 
such analoRiis Iio\\c\ci 1 1 dam faclois must ho taktn into iCMinut foi(\impIe 
state of cqniiihrium }ioino;.t.iuilx of tlio lompidniont ind sidistancis under 
stnd\ distminnees m tnnetions tonteriitd uilli flit pioldmi ns udi n>, 
ph\siolot.ic, pli\sicil and t]n.nu<u) peeulnulus inlieunt in tin suhstamo iitin^ 
liaccd and in the ooinpiilnnnt m iihitli it itsides TImm and otlni inattti's 
mil rcionl thonisehts as the distussioiis jno^its-s 

In ordci to smiplifi tin consult i ilioits sniipost tint man is tlu t ml and 
sodium is the suhstaiut M, undti sfiuh Th< n i)r sodmni ttnnpiitmcnf V 
mil consist of dl poitunis <#f the hodx tUuni^hdut uhnh sodmm is dis 
tnhnted Tlie pinuip d sitt s no t xliatclhil ii flnnK and htnn and to a itsscr 
extent cells and proteins Sjnet the ^.nnttst poition ot tin sodinin M, is 
found witlun the oxlruellnlai (UiuK <iC ilu htxh and snue tlie c\ti uelhdir 
fluids must loiiMin isotoiin to hi lompitihli uitli Idc tlion in mnn the 
Quantitatne rol itionship of M and V is so iistintid that an nmni ition of one 
^Mthin the hod\ is neei ssai ih a« • onit> inioil h\ i i)ii)))oitH)n >lt ai i umnl itioii 
of the othei If a tnioci fmm ol sodium N i is suddtnh tdded to the 
ho(h of man to ti uo the oidniiM sodium M then ns in tlie tnnl ibsolufe 
'iiid relatnc \aiiations in I, the iiit iko of nontrnei sodnim f\a ) in Vr the 
intilcc of mter, iii K, the output of nontrun sodium f\a and in Vj the 
output of watei uill induemc CN and the lofnl rjunntiti of N mthm the 
bod\ at am time is nell as Nf If siuli fa< tors is tlie late ot intal i alone of 
oidinari sodium (27a ’) mil nifluenei the lati of rliange in i oneenti ation oi 
total amount oftlictraeci sodium (\n ) (hen such faetois must be e^aluafod 
uhen a substance mthin the hod^ is being tiaeed since it is necossari to distm 
guish these influences fiom those i*clated to metaholic phenomena associated mth 
cnzMimtic and othei similir leactioiis For example a decrease in the 2sa 
count in the blood seium maa be due to an lacroase in aolume of bod’v ■\\atcr 
and not to an increased rate of leiial cxcietion of the isotope oi an inei eased 
rate of excretion of >*a ma\ he due not to a change in sodiiini metabolic 
phenomena mthm the bod\ but to an incieased intake in legiilai sodiiun 
mthm the diet 

Tot a moie thorough undctstandiUo of the cpiantitatne and qiiahtatnc 
iiatiiie of some impoitant faetois independent of inirelj metabolic pioeesscs 
uhicli influence concentration and total quantit\ of the tiacoi substance, cer 
tain inteiestnig and essential theoicms ucie devised 

JIATHEaiATICVL CONSIDERATIONS 

If ive considci tlie oiganism as a tnnl the matlicmatical theories outlined 
below mil hold, legardless of the complex metabolic processes (phvsical and 
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chemical) iiathin the oigamsm The equations aie geiicial and applj- to aiij 
tjpe of tiaeei studies within the limitations of the assumptions 

Symhols — 
t = time 

Mt = quantity of nontiacei substance in organism at tune t '' 

Mo = quantity of nontiacei substance in oigamsm initially 
I == quantity of nontiacei substance taken into oigamsm pei unit tune 
6 = net quantity of nontraeei substance gained by oigamsm pei unit 
time (negative G loss) 

K = quantity of nontiacei substance eliminated fiom oigamsm pei unit 
time 

D = total amount of nontiacei substaiiee obtained under the condition 
of accumulation 

a = fraction of nontraeei substance in oigamsm eliminated fiom oigan- 
ism at anj"- time t an expression of the rate of elimination 
a = fraction of diftereuce between maximum of the nontiacei substance 
to be reached and amount piesent at time t an expiession of the 
late of accumulation 

Nt = quantity of ti acei substance in oigamsm at tmie t 

No == quantity of tiacei substance m oigamsm imtiallv 

Vt = Aolume of eompaitment under study at time t 

Vo = initial volume of eompaitment undei study 

CM = concentration of nontiacei substance in oigamsm (constant) 

ONt = concentration of tiaeer substance in oigamsm at time t 
CNo = eoncenti ation of tracer substance m oigamsm initially 

AsswnpUons 

1 Tiaeei and nontiacei substances aic iimfoimly mixed in the oigamsm 
and aie affected similaily b> chemical and ])hjsical piocesses in the oigamsm 

2 All the tiaeei substance is adcled at time t = 0 (initially) and is lapidh 
mixed completely mth the nontiacei substance 

3 Intake and dischaige aie continuous piocesses 

a If the qiiantitj of nontiacei substance in the organism deci eases, the 
change is expiessed by 

M, = M,e-”' (1) 

b It the quantity ol nontiacer substance in the oigamsm iiici eases, the 
change is expiessed bv 

M, = Mo + D(i (2) 

4 The change ot the quantity of tlie nontiacei substance and of the volume 
of its eompaitment is assumed to iar-\ exponentially, since this is a ph 3 ^siologic 
laiiation which has been obseiied in oui studies 

5 The solution of nontiacei substance is alwajs isotonic, therefoie, in 3a, 

V. = v„e-“ 

V. = A„ + D,(l-e-“‘ )= -^5. + )] 


and in 3h, 


(2a) 



moLono nicw inus or 1 ^ 01011 ^- 


1<! 


Three conditions itcrc anahml 

First, tihnt me the \nnntioiis ^mIIi time in tlie concentntion md total 
qimnlitj of the tracer substance when the nontrncer siibstanco is iii a ncftatnc 
btlnncc, that is, when tlie rate of output exceeds tlio rate of intal oV 

Since the nontiacei siilisinnte dccieises, Ift ■= jr„c ‘ la this lasi 


and 


_ Jtr, 
lit 


= -nM o ‘ 


(h 


I = IC+G = Iv~iiM c 


(4) 


or 


K = I+n\rt (5) 

The disclmr^c of llic tincci substance fiom tliL oiganisni pei unit tunc is 


(IN, 

dt 


Jt 


= -(I *• n\f c 


) 


N, 



+ j N, 


(C) 


or 


dN, 

dt 



+ n ] N, = 0 


Tht solution of this fii-st order liiicai differential equation is 


m 


- ( f— L c •+ 11 ') lit - — c +nt) (8) 

N.=Ao >' =U ' 

"here A is the infCciation constant 
Since Nt «= N^, when t ™ 0, 
theieforc, 

- i _L 

M u 

A =: Ae 


or 


(4- 4-) 

\ = Ac (9) 

Consequently 


(~ - 
. 'i M 0 . 

l',=ls e 

)-| 

0 

-Lc lilt) 
l, M n J 

= N 0 

[-4 

1 

a 

(l-c ■)] 

0 * (10) 

and 

[ 

I 

M 

— (l-c‘)l 1 

a. J 1 

[4- 

I 

a 

(1-0 ■) j 

CN,— N, __ N e 


® — ON 0 



(11) 

V, 


V c 
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Second, what aie the variations with time in the concentration and in total 
quantity of the tiaeei substance when the nontracei substance is in a po'ntive 
halance, that is, when the rate of intake of the substance exceeds the late ot 
output^ * 

Since nontracer substance iiici eases, Mt = Mo + D(1 - e""') In this case 

G==iHL = „De-«‘ (12) 

dt 


and 


Iz=K + G = K + aDe “ 


(13) 


or 


K = I-aDe-“‘ (14) 

The discharge of the tiaeei substance fiom the oigamsm per unit of time is 




N, 


Mo + D (l-e-°‘) 


or 


•IN. = 0 


dt M„ + D(l-e-"‘) 

The solution of this fiist oidei linear diifeiential equation is 


(15) 


(10) 


N, = Ae 


I - a£)e~°‘ 
Ur„ + T) (l-e-«') 


dt 


(17) 


where A is the integiation constant The mtegial mai be separated into two 
parts -nhich are standard foims available in integial tables to give 


A , = \e 


M„ + D 


[ (M„ + D)a 


+ D (1- e 


-at)( 


Since Nt = No vlieii t = 0, 
theiefoie 


(18) 


or 


= Ac 


[ I 

L (M„ + D)a 



A = N„e 


r I 

L (M„ + D)a 


j log«!Mo 



L(M„ + D)a 1 




(19) 


(20) 


v 
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f e i 

; 1 - I t 

(M +!>)« I (M +D)o J M +D 


I’M +D (1-0-^')] 


C\.= ^ ^ 


[M +D (]-(■-<■■)] 
^ [M +D (!-<>-*')] 


■r I l] 

l(M +!))« J ir +D 


(nr +r))ii (M +i))it M +p 

= C\ It [At +1) (I-p-"')] I ( 22 ) 

Thxrd, wliat arc the \armtioiis with time m the concent intion and total 
quantitA of tlie tiacer snhstance when the nonlncei substance is not changing 
in amount within the organism that is when iiitabe and ontpnt are equal? 

Since the nontneer sidislniice does not change At, = jr„ In this case 

a = -iHg = o (23) 

dt 


I = K + G=:K (24) 

The dischai’ge of tlie tiaccr sulistaiicc fiom the organism per unit of time is 

(IN. I „ 

dt M M 


I N. = 0 (25) 

dt M 

The solution of this Iintai differontnl equation with the condition N. — N„ 
"hen t « 0 IS 


Therefore 
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DISCUSSION OF EQUATIONS 

mmiT mT '‘“'l'™ ® ““S'® mjectioii o( radiosodinm (Na”)”l 

and .n man ,v.th ganmahaed edema dne to congeat.™ )L“ 


INTARt=rt Hj? day 


INFLUENCE OF Na23 LOSS ON Naas 
INTAKt=3»H»^ DAY 


fNTAKE=5*N*"/rAy 



me^of woS’® ,*’2.‘^''^^^^™admnFstration*of “I”''® on the Na= 

;r Kr&'K""- <»' s »• 

|a"i’a„fe Z^ir^ " 

ones For the curve 

fTri edema-free state a ® pP elimination of edema (T = 10 days) the 

curtes are those curves for th^^th^r*^r ^“^7® therefore does not extend as 

tw ent? dat h7ies For convemSire tv./ f/®® '® interesting to note that the 

remainin/^^ *i * extended u^l wt curves were not continued bej ond 

nine in the body Mould be Progressively ^lelfiUhe^FIml o?T increased® 

ulated to certain t^ enlightening to apply the equations foim- 

is loll It geneialiaed edema who 

elect! olvte anrl^ ^ developing edema, and man whose state of 

in Na" in the is stationaiy, and to deteimme the time variations 

m iNa in the bod3 in these tlnee conditions 

is 121 4^o-roTno”ff generalized edema such that his total Na"^ mass 

nrofnessitplv ri ^ ^ evtraeelliilai fluid mass 34,000 giams), ins edema is 
foi °sl man wpt i sodium (Na-^) and exti acellular fluid masses 

leached " ' *1 ogiams (50 and 14,000 6m respectn el^^) aie finally 

cha Je^of^N^' the influence of the rate of elimination or dis 

tIvTwl fiv! V ? v^ concentiation and total amount of Na®= present withm 
) a e wit 1 n icli the subject theoretically became free from edema 



iiioi n( ir 1)1 r\\ ratij^ oi isotopis 


S') 

was inricd foi diflercnt i ites of sodiiiiii intake The output of wntei was as 
Slimed to aan dining the defined tiiuimstanccs to mamlain isotoniutj 

Tigs 2 and O sliow Die tlieoictit progicssiac cliange in the total amount and 
111 the i-oncenlration of Na in tin oatracelUilai lluid foi rates of e\cretion which 
would make tlie subject free of edema lu ten, twentj thirU, and sDrtj daas 
when the dnih intake of sodiiiin (fsa was 3,3 or 5 grams 


INTLirENCE or Na ) LOSS ON Na 



,, Fie 3 — TliP Individual curves ehonn In FIp 2 grouped to show better the relationship of 
‘he time variations of concentration of Nn” to the time course of the percentage of an Initial 
Single quantity of administered Na*^ not eliminated 

These tMO figuies re\eil se\ci«l tilings 

(a) AVlien the intikc of Na ^ icmains constant, its rate of elimination so 
influences tlie Na in the extracellular fluid that measurements solely of the 
Concentration of Na^ in the blood seium qannot servo as an index of the amount 
of Na still remaining in the boda a small decrease in the concentration of 
IS associated with a relatnelj large total climmation of Na This is to be ex 
Pected since water is being lost simiiltaneoush at a rate which maintains iso 
tonicity of the Na” 

(h) Diffeionces in the nfo with ulnch Na ^ is eliminated fiom the subject 
tic accompaniod hj less change in the concentration of the Na“ in the extiacel 
luhi fluid than m total ipiantity of Na“ picscnt within those fluids This is 
reasonable, since watei is being eliminated with the Na ’ to maintain isotonicitj 
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(c) The late of intake has a gieatei influence upon the change m con- 
centration of Na-= in the extracellulai fluids than does the rate of elimination of 
the edema This is irell illustiated bj’ Fig 3 for the daily intake of 1 and 5 
glams A gi eater intake of lesults in a moie lapid rate of elimination ot 
Na'- as well as m a shaiper late of decline in concentiation of Na^“ in the 
extracellular fluids This eftect of Na-^ intake upon Na^^ must exist, because the 
late of elimination ot the fonnei must meiease ui oidei to pioduce the edema- 


rNTLtTENCE OF Nasa GAIN ON Na22 



Tie ‘i — Semiloganthmic graph showing the influence of the net gain of on the ^a'- 
content of the hod% after tiie administration of a single dose of the tracer The influence of 
the rate of ^a'’ intake upon the is indicated T denotes the time in da*s s required for the 
total sodium of a nonedematous vidtvtdtial to Increase from 50 grams to 3 214 grams when 
an arbitrarv maximum of edema is reached The labeling ficheme is the same as used in 
FJg 2 Each curve Is not a straight line for obMous reasons Values of T smaller than those 
shown could not be analjzed under the conditions of the calculations (see text) Note 

relationship m the order on the ordinate positions of the cur\es for the respective a 
ana T values of this figure and that of Fig 2 

free state at the gnen time Since the movement of the Na=- is deteimined h\ the 
mo^elllellt of the Na-^, then a gieatei intake of Na^®, with a lesiilting mci eased 
elimination of Na-^, must pioduce au inciease in the late of elimination of Na-- 

(d) The elimination of Na-- undei the cii cumstances desenbed is not a 
simple exponential phenomenon 

(e) It is CMdent fioni the equations and fiom Figs 2 and 3 that when the 
subject IS losing edema, the late of exctetion of Na=^ is of pai amount impoitanec m 
influencing tlie Na-- content of the bod's, since the volume of the extiacellular 
fluid decieases at a xate vluch msuies isotomcity The late of Na-^ intake is 
influential because ot its effect upon its own late of elimination 

(f) When a subject is piogiessiielv excietiiig the nontiacer substance un- 
der the conditions defined the late of change in the total (imoinH of the tracer sub 
stance letained is gieatei than the late of change in conceiiti ohon of the tiacei 
This is to be expected from equations (10) and (11) It must be lememheied 
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that file ^ohlnle of the compnitinciit of the tiucei and nontincer substances is 
diminishing progressn els ns the Na is being climinntcd 

(g) Tlic Nn ^ concciiti ition in the c\tracclliilar fluids is constant a neecs 
sarj condition since isotonicita IS essential for life Nn concentiation Iionosci is 
not constant, bccnitso Na is gradnallt being eliminated from the bodj aiith 
out am associated contimions addition 


INFLUENCE OF Nl a GAIN ON Nn 



Ippbcaiioii 2 — An edema flee man Mcigliiiig 70 1 ilo„ianis whose total Na “ 
mass IS 50 gr mis (Ins total exti acellular fliinl mass is 1-f 000 grams), and in whom 
edema is progicssiieh de\ eloping until a sodium (Nn ’) and exti'acellular fluid 
masses of 1214 giams and 34,000 giaiiis lespcctivcH nie finnllj reached Iso 
tomcita IS assumed to be maintained 

The intal es of Na^^ and avafci in this man weio olisened from a theoretic 
point of Mew to leain then effects upon the Na* concentration in the extra 
ccllnlar fluids and upon the rate of elimination of Nn * The influences of the 
rate of excietion of Na * upon the time aaiiations in coneenti ations of the Na * 
and upon the late of elimination of Na * in a subject in whom edema is pio 
gressnely incieasing ale summarized in Figs 4 and 5 These calculations yield 
the following infoimation 

(a) A subject cannot acquiie edema and accumulate sodium at a rate 
fastei than the intake except where special consideration must be giien to 
storage depots and local shifts For this reason dailj intake of 1 gram of Na * 
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could not be studied foi the lates of foiniation of edema coiisideied to e\ist in 
these calculations It nas also impossible to study the condition nlieii maMnium 
edema was realized in ten dais, as such a limit could not haie been leachcd m 
this tune eien when the daily intake of Na-® was 5 giams Therefore, the late 
until w’hich it IS possible foi edema to dec clop is dependent on the late ot intake 
of sodium 


INTLUENCE ON Nasa, AMOUNT OF Na=- CONSTANT 



6 — Semilog-arithinic graph showing the influence of no chmige m the total -A upon 
the Ka^ content of the body after administration of a single dose of the tracer Although the 
total amount of Ka^ does not change Na*’ is being* taken into the bodj and also bemB 
ellmtna.ted at rates of l 3 and 5 grams daih These curves are all 'stKtioht lines for obvlony 
reasons 


(b) When Na®® is liciiig accumulated duiing piogiessnc foimation ot 
edema, the late of deciease in coiiceutiation of the Na®® exceeds the late of 
change in total content of tlie tiacei nithm the body This is to be expected, 
since the concentiatioii of Na®® is being i educed by two factors acting simul- 
taneously ' 

(1) Accumulation of fluid of edema, iihich pioduces a dilution ef- 
fect on the Na®' 
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licdiictioM in tlie total content of \n witliiii the Imih on the olliei innd lesnlt-, 
onh from continnons climimtion of Na 

(e) Int il 0 of >.11 ^ and its losnlliiv outinit Ins a fticntei inllneiiec on 
the Is i toiiceiitrition mid told coiitnit Hithiii tlie liodi flinii the lafe of the 
dc\clopnient of the tdtim 

Apiihcalion 3 — Alan wliost ehctiohtt and nalcr Inlance nic stntioinn 

Foi the special situation m uliieli tlieie is no gain oi loss of Ni ^ in tlie 
hndi and in nhieh the e\tracellnlai /liiid lemnins isotonic, the late of elimination 
of Na ^ hccomes all important The late of intake is sigiuhf'int hccausc of its 
direct mtlnenec upon cscretion \\ hen G is equal to zcio, then intake and output 
must he equal 

Jlcsiilts of these ealenlatioiis aic shomi in J ig G, iihieh shows that 

(a) riio gieatei the clnninalion and, theicfoic intake of Na the 
greater the elimination of Na This follons hccansc the moienicnt of the non 
traeci siihstaiice dotcimincs the iiioienuut of the tiacer 

(li) AMien G is equal to reio, the rates of intal e and output haio no 
greater mniicnce on the change in concentration of the tracei, Na , than thoj 
lia\c on the cliniige in tot il qiiantitc of the tracer This is obiioiis from cqua 
tions (20) and (27) 

(c) A\ hen G is cqii il to reio and the lineei substance is not fi\cd in am 
manner in the oigaiiism, the Bi Co,' and Ekj (time leqiiired to eliminate 
one half of the tiacci) aic equal 

(d) A\ hen G is equal to zero the dccat cuiics for coneontration and for 
total quaiitits of the tracei icmainmg in the oiganism are parallel and straight 
lines on semilegal ithmie graph paper These are simple e-qionential eiiites 

rF\FaM DISCUSSION 

I lom the piecedin„ drsciiNsioiis and calciilatioiis it is obvious that when i 
tracer is eniplojed to studj i substance in an oiganism, the late of escretion of 
the nontraccr substance vi ill affect the concentration and quantity of the tracei 
substance This is tiue regardless of changes in size of the iiontracer compait 
nient Factors w Inch intlucnce the elimination of the nontraeer must be properlv 
controlled if other pin siologic phenomena are to he accuratelj evaluated 
Variations in size of the compartment foi the nontiacer siihstancc must also 
be propcilj controlled and ev aluated 

The situations hciem discussed iveic shaiplv defined and controlled in these 
calculations, but such is not possible in the av crage In ing oi ganism The intake 
of the nontracei substance is not iinifoim at all times it usually occurs three 
or four times a daj at an iriegulai latc Therefore, its rate of elimination is 
not constant from hoiii to horn and from daj to da} ^Vlth disease, this irregii 
laritj maj be even more pionoiineed Foi c\aniplc, Pig 7 illustrates the rela 
tionsliip of changes in Na ’ to Na= in a man whose sodium is being studied with 
Na as a tiacei During the first ten davs he is fiee from edema and his intake 
and output of Na ’ and vvatei are equal Dining the ne\t thirty dajs he retains 
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Na-^ and A^ate^, and edema piogressiveh’’ deAelops, during the following ten 
days, as 1ns intake and output of and Avatei again become equal, liis 
edematous state lemains stationaiA , during the ensuing thirty days Ins output 
of Na”® and nater exceed the intake, so that the edema progiessnety diminishes, 
and finallA he again has an equal intake and output of Na-^ and watei ivhile m 


RELATIONSHIP OF CHANGES IN Na=J TO Na22 
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cupea illustrating the influence on the concentration of Na® and 
bod\ for an Individual ■who i noiinal and edema-free for ten da>s 
If- nil?™ then proCTesshelv de\elop3 for the next thlrtv aa>s and ^\ho remains at a 

edematous Ie^e^ for ten da>s gradually becomes edema-tree in thirty dajs and 
remains so for ten more daj s Consult the text for details 


the state free of edema Cuives showing simultaneous vaiiatioiis in concentra- 
tion and quantitj* of Na-- and of Na*® content mthin the hodj are slionm Ir- 
legularities in lates of change are attributable to eomliinations of the tliiee 
situations piCMousla' calculated Since it is theoretically possible foi the time 
inteitals shown on the abscissa to tait' fiom minutes to months, then it is 
obMons that biologic studies often constitute aveiages and not detailed absolute 
Aalues The conditions arc seen to be eAmn moie complex A\dien it is realized that 
all of these and other factors maj he acting and A'arying simultaneously These 
data demonstiate the adAisability of meticulously conti oiled biologic experiments 
ComplexitA of the biologic conditions of experimentation is fuithei evi- 
denced by the fact that absolute equihbiium is lelatiiely laie, if evei present 
Puitheimoie the compaitments of the substance under study are not uniform m 
size, beliaAioi, or constitution, theA actually constitute many different compart- 
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nieuls vitlim a laij,e one The belu\ioi of imn^ of the substances tiaccel is 
nndti the innncnce of iomplc\ metabolic piocosscs, siuh ns enzimatic leaetions 
further cniplinsizinjr the need foi frieat caution in biologic experimentation and 
m interprelatioii of data 

OOSrPABISON or theoretic with EliPEEIMENTAI. 

CONTROL aOBJCCT HOl I CONTROL 5U0JCCT NO z 




Fig 8 — Comparison of tlm theoretic cur\c« of the concentration of Na“ and total 
content of Jsa** In tlio bodj of n normal man with dntfi obtained experimentallj In two 
Mmial subjects The nonurlnnrj Is that not excreted In tho urine and Is represented 

Wreentage of the total J^a* Injected intravenously Into the subject at a single dose For tho 
•^.Wetlc curve it represents tho percentage of the total which Is not excreted and remains 
within tho body \nlues for Intake of Na” selected for the th or tic curves were those which 
approximated the dietary Intake in tho subjects studlecL The theoretic and experimental 
wnes agreo remarkably well Discrepancies between tiio nonurinarj lva*» curves are due to 
iQiiure to collect all excretion from the subjects studied experimcntallj The experiments 
were designed for urinary collectlor s alone 

It IS well to emphasize tint it is easier to trace elements than complex sub 
stances oi formed tissue structures, such as cells uliioli enter into metabolic 
processes and tumor ci plienonieim indcpnident of the clement traced For 
example, an amino acid tagged rrith an isotope in rrhicli the isotope is foUoircd 
Way lead to difficulties becausL the isotopic form can be remored fiom the 
ammo aeid molecule and therefore no longer tag the amino acid The same 
bolds true for cells, as for example, tracing erj tlirocrdes b> means of P“ , Pe'" 
Or The last of these is the best, since it rriU remain in the erythreej-tes 
Until thej disintegrate, rvlicroas the first is least scmceable, since it diffuses out 
■io readilj rvitli oi rvitliout associated metabolic processes 

Obviously, the data herein presented are onlr theoretic indicating the 
behavior of the traeei substance under the conditions described, and should be 
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compaied with actual biologic expeiiments only -with extieme caution Neveithe- 
less, it IS possible to note a similarity m the curves of the calculations of the 
theoretic status and those observed mtli Na"^ in noimal subjects and in subjects 
■with congestive heait failure (Fig 8) That changes in concentiation of Na^= 
laned unth intake of Na-^ and progress of the edema is evident Unfortunately, 
the excietion of Na-’ was measured onlj' m the urine and the total Na"^ output 
was not deter mmed Such expeiiments should be conducted 

In the calculations of Nt the entiie loss of Na”- from an organism uas ac- 
counted for , theiefore when Nj for Na-- is equal to one-half of No, then t is 
the oveiall oi absolute Bv_ for the organism Close inspection of the graphs of 
the Nt values reveals variations in the time course of Nt and therefore 
varies from moment to moment within bmiting conditions of the calculations 
On the other hand the rallies obtained by espeiimentation cannot be 
employed as direct values of B^ because the Uw values are based only upon 
iirinai’^ excretion of Na“ 


SUMMARV 

Equations bar e been derived u hich make it possible to predict the influence 
of variations of intake and output of a nontiacei substance and of the size of 
its compartment upon the concentration uatliin the organism and elimination 
from the organism of a tracer substance administered in a single dose These 
theoretic considerations demonstrate the extieme importance of eontiolling and 
piopeily evaluatmg factors uliieh affect the rate of elimination and the size 
of the compartment of the nontracei substance The need and reasons for 
exeicismg every caution in interpretation of data concerned with measuring 
variations in concentiation and total content of the tracer substance are em- 
phasized 

Although the discussion is chiefly concerned with problems for sodium 
tracer studies, these theoretic considerations apply to any type of tracer experi- 
ments, regardless of size oi location of the compartment and regardless of 
uhethei the tracer is stable or radioactive It is hoped that the mathematical 
considerations uull be of Amine to otheis engaged in biologic and nonbiologie 
tracer leseaich 



Till NATUKL OP THL ALTLRLU RLNAL FUNCTION 

IN IjOWer nephron nephrosis 

Evmfi JUiisn \li , 51 D , vnd AVii u \'\i S Hoffw-j 51 U PhD 
Cnn,«.o, In 

L 05\ ER nephron nephrosis is n tcim pioposed he End t’ to destrihe i se ndiome 
J of oli{,iiim eeitli piogrcssiec renal insiifrieicnee following n sliocl like state 
produced he a eaiicte of attilc insults to the bode and in mane cases associated 
Math the deposition m the renal tiilnilcs of earioiis dene atiecs of hemoglobin and 
meoglohin Pathologicnlle, the principal renal lesion is dcgenciation and 
necrosis of the epithelium of the ascending loops of Ilenlo and the distal eon 
eoluted tiihiilcs We hnec reccntlj dceeloped a legimcn for the management of 
such patients eeitli loeecr nephron nephrosis be means of eehich eee eeere able to 
keep flee out of six patients aliee until the Kidnees rccoeeicd spontaneotisle and 
reeersed the ictention of cxcretoie products Font patients recoveicd com 
pletele , the fifth still has a icsidiial iciial lesion and the sixth died in iiiemia 
Math heart fnihiic flee dues after diniisis had set in The management and the 
clinical course as eecll ns the detailed scium and nimarj chemical findings in 
these SIX cases are dcsorihed elsoeeherc 

In three of the stiieieing patients 1 idnce function tens studied dining the 
diiirotie and rccoeeri periods ht meins of the specific leiial function tests de 
scribed h\ Homer Smith and colleagues’ Included wcic seiinl determinations 
of the clearances of mannitol, p aminohippuratc, creatinine, and urea and of the 
tubular excictoi'j mass all pci formed essciitiall} h\ the technique described bj 
Goldnng and Ohasis,'* except that mannitol was anahred by the method of 
Corcoran and Pa^jO The data from these tests obtained duiiiig the period of 
progressue lecoien, in addition to the nifoimation obtained legardmg iiiinarj 
nitrogen excretion, can in a wax he cxtiapolatcd hack to the peiiod of oliguria 
and thus pioiidc some insight into the i)ntholOc.ic iihisiologi of the disease 

litSULTS 

Tlie essential clinical feat in cs of the six cases arc summarized lu Table I 
It will he seen that the oliguiia pcisistcd fioin fixe to thiiteeii days In the 
adults it XX as iccognized that once 500 cc of uinio xxore excreted dadj, the 
output thereafter losc rapidlx to high Icxels The onset of diuresis xxas accord 
'nglj dated fiom the da> 500 ec xxeic first excieted 

Pigs 1, 2, and 3 shoxx the lelatioiiship betxxccn iiiinarj excretion of xvator 
and excretory nitrogen and the serum Icxels of nonprotein nitiogen in Cases 
3 I, and 6 The tendency foi the scrum nonpiotein nitiogcn to level off in 
spite of the continued intake of piotein was either a manifestation of the 
ddiition of letention products produced bx the increase in extracellular fluid 
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UTFRf-D RFNVI JUNCTION IN 1 0\\ RI! NFIIIRON NFPIJRONIS "IS 

jnliime, rc/lcelec! bj ^loss ciJcma «liicJi mus ilelibeinteK fostoicii, oi of i 
(liniiiiutioii 111 cclliiliii bienldowji us the bodili iiiitiitioii Jias iRij>ro\ecl iiiiclcr 
the mniiagcinoiit Jt cm In seen that tin iiiiliul dais of diiiicsis weie asiociutcd 
iMth tlic CNcitlioii ot iclali\(h small qiniititics of mtio!,ca the coiicentiation 
ratio ot iiiman to semni iioiiinotcin mtiof.tii tending to icmam as Ion as 



Flp l^Urltiari output of water and nttrocen In Cn3o 3 In relation to serutn nonprotein nitro 
concentration and to the ratio of nrinnrj to fcrwm nonprotein nitrogen concentration 

during the olignria poiiod Foi this icasoii, the peik lot el of serum nonprotein 
nitrogen ms nsuallj not reached until diuresis tvas ttell undei ttat It ttas 
nalj as the diuic-sis continued to improte (ttith dailj excretions icachmg a 
'aluc of 3,900 ce m Case 5) that the concentntion latio increased The es 
eretion of nitrogen soon became gieat enough to pioduce a rapid fall in the 
serum iionpiotein nitiogen concent! ation 

Table II sliotts the absolute \atues for the taiious renal functions in Cases 
3, 4 and 5 Values for glomeiulai filtration and effective lenal plasma flott 
wore tei-j low at the time of the first test in spite of the fact that these tests Here 
performed ulien the patients -dreids had improxed considcrabh Sclkurt' has 
demonstiated eN-penmentallj that dining hcmoiihagic shock direct measure 
nients of renal plasma flow give values appicciablj higher than those obtained 
Ijv the determination of p nminohippnrate clearance This evidence suggested 
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that values fox maiimtol and p-ammohippuiate cleaiaxxces weze not true 
measnres of tte lates of gfoxixeiHlai filtration and xeual plasma flow lespec 
tively in kidnejs as seveiely damaged as those of om patients Certain aspects 
of oni data amply confiiined this suspicion Foi example, Table II shows that 
the filtration fraction, as measuied by the ratio of the mannitol to the p ammo 
hippiuate cleaianee, was in Case 3 gieatei than 1 instead of the noimal 020 



Case 4 In relation to serum nonprotein nitrogen 
concentration and to the ratio of urinary to scrum nonpi-otefn nitrogen concentration 


Snell a finding is, of couise, an absnidity In Case 4, the fiist filtration fi action 
was 0 64, at alnc impossihlv high In Case 5, the fiist filtiation fraction was 
the noimal 0 20, nlneh we believe nas due to the fact that the fniiction tests 
weie peiformed lelatnelj late in a subject who was veij lapidly impiovmg 
A furthei indication of lack of absolute significance ot the values in these 
fiist tests IS the fiist deteimuiation of tuhulai exeietoiy mass (Tm) In Cases 3 
and 4 the "values weie less than zero, which meant that the p-ammohippurate 
e\cictedhi the glomeinli alone — as measmed fi om the mannitol eleaiance — was 
greatei than the sum of glomerulai and tiibulai excretion as calculated from the 
total p aminohipiiurate e\eieted When this unusual finding was obtained in 
the fii’st subject it vas thought to be due to a technical eiroi But a second 
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such result in Case 4 lunilc llial (\pl iiintioii miliktU It uns at this time that the 
paper ba Rcclisli and collca„ius ipjioaicd in nhicli a iiegatne Tm aaas also 
reported in their single lasi 'llie aalidita of those annhscs was thus further 
confirmed 
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concentration nml to tlic ratio of urlnar> to atruni nonprotein nitrogen concentrnuon 


nitrogen 


Table II also demonstiatcs still aiiothci absurd lelationship aiming out of 
the distoited clearance and cNcretion anlucs duiing the eailj stages of reeoverj 
The ratio of the p amiiiohipinii ite tlcaiancc to the tubulni excretory mass winch 
normalh lies between 7 and fi and which is a measuie of the lelatne blood 
supplj to the functioning lennl tissue was m Cases 3 and 4, infinitclj high 
because the tubular e\erctoi a mass was zero oi Icssthaiizcio On the other hand, 
in Case 5 the initial aaliie aaas oiilj sli„litla higher than normal 

Pig 4 shows in giaplnc foim the iclatiae latcs of restitution of the clearance 
and tuhulai mass a allies tow aid iioimal The distoited lelationships found in 
the first tests disappeaicd in the siihsetiiicnt doteianinations A aveek after the 
first test the tuhulai mass avas no longer ne„atiae and the filtration fraction and 
ratio of p aminohippurate to Tm had returned to neailj normal values in Cases 
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Case na 5 L F Day following onset of oh^una 

4— Rclatlse rates of restitution to normal of tlie pcclflc rcnnl functions testa In Cases 
cf i and r 

^ wd 5 and neic impioviiig rapidU m Case 3 Bj tlic ne\t nccK, the distortion 
disappeiied e\cn in Case 3 On the othci Iniid complete functional rcstitu 
tion to noinial occuiicd moic slouh than noukl he expected from the rapiditj 
o£ clinical recoieij It icquiicd tliice montli-s in Case 5 and neailj seven 
months in Cases 3 and 4 In the child of 2 jcais (Case G), a residual renal 
iiisufficienc 3 was stdl manifest at foni months the iiatnie of which has not been 
ascertained In the patient of Rcdish mentioned picvioiislv, complete retniii 
to normal function v\as not scon before two vcai-s 

Urea clearance values letuined to normal at esseiitiallj the same rates as 
<tid mannitol and p aminohippuratc clcaiaiiees This finding is of practical 
'mpoitance for it signifies that the more leadilv deteiimned urea clearances 
can he just as satisfactoiilv utilized as a clinical guide to the late of lecoverv 
tn this disease as the more elaborate icnal function tests Cieatinme clearances 
improved more lapidlv than anv othci eleaiance The icason for this is not 
clear 


These unusual results of the specific renal function tests in the eailv pciiod 
of lecoven can he explained hv the loss of the specific function of the lower 
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nepluon to lesoib watei oi sodium and to pioduce ammonia, theieby foimnig 
a coneentiated and acidified uiine Instead the tubulai cells in this legion aie 
so badlj damaged that the^ allou the nonspecific osmotic resoiption of most of 
the modified glomeiiilai filtiate that leaches them, thus leaving little or no fil- 
tiate to be excieted as mine What little urine is excieted duiing the oliguric 
phase has a specific giavitj not much difterent fiom that of glomerular filtiate 
and IS neaily neutial in reaction The iiiine obtained dining the fiist days of 
diuiesis IS onl-^ a laigei qiiantit's of the same t-\pe of fluid with little oi no 
inciease in coiicentiation of the excietoiy piodiicts It thus appears that the 
Iiegiiinmg oi diuresis is brought about bv an mciease in glomeiulai filtration 
(and effectne leiial blood flov ) without any lecoyeiy as -^et of specific function 
ot the louei nephioii This inci eased flow may be bi ought about by subsidence 
of leiial swelling, as suggested In Coieoian, Taylor, and Page,® oi by disappear- 
ance ot the shunt through nonfilteiing glomeiuli into the medulla’’ 

The tubulai defect is appaiently associated with a giadient diffusion of the 
constituents of the glomeiulai filtiate With a high coiicentiation of p amino- 
hippiiiate 111 the glomeiulai filtiate and a low coiicentiation in the tubular blood 
supph (if the exeietoii function of the pioximal conyoliited tubules has not 
been impaiied), the p amiiiohippuiate is lesoibed bt the damaged lowei nephion 
to a gieatei extent than mannitol, the coiicentiation ot which is neaily the same 
in the filtiate as in the tubidai blood As a consequence less p aminohippurate 
may appeal in the mine than mannitol m piopoition to then lespective blood 
leiels Thus the tubulai mass lalue becomes negatiye, and the filtration fiactioii 
greater than 1 This giadient diffusion appeals to be the first tubulai defect 
to recoiei, as indicated bi a letuiii to neaily normal yaliies foi filtiation fraction 
and foi the latio of p-aminohippurate to tubulai mass long befoie the individual 
cleaiances have reached noimal It is leasonable to believe that the improve- 
ment 111 effective leiial blood flou is itself lesponsible for the accelerated tubulai 
repaii The complete lecoveii of noimal lenal function in foui of oiii patients 
and 111 that of Redish indicates that the glomeiuli were nevei completelv 
blocked and that the tubules alvais had sufficient blood siipplj to pievent 
irreiersible destiiictive changes 

SUJIJIARV AND CONCl USIONS 

Seiial detei miiiations of cleaiances of mannitol, p amiiiohippuiate, iiiea, 
and cieatinine and of tiihiilai exeietoiv mass veie earned out m thiee subjects 
111 the phase of diuiesis and lecoverj from lowei nephion nephiosis 

In tvo subjects, the first test gave negative values foi tubular excietorj' 
mass and impossiblv high values foi filtiation fiaction and latio of 2^ ammo 
hippiirate eleaiance to tubulai exeietoiv mass In subsequent tests these distoi- 
tions disappeaied but complete lestitution of leiial function did not occur until 
thiee to seven months had elapsed 

These data along with the findings on the late of exeietion of nitrogen and 
water dining the oliguiic and diuietic peiiods aie consonant wuth the idea that 
the renal lesion in lower nephion nephiosis is a diminished leiial blood flow in 
association with a loss of specific function of the lowei nephion Conseqiientlv , 
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llic limited iimount of modified ^l(miciiiliii filtntt, rcicliiii;, the lo«ei iicphioii 
IS nlinosl eompletch lesoihed \ idiciit ditTiisioii thi-oiir,h the d inn^cd cells 
ippeilN to ho present whidi is uspoiisihle foi the distorted leiiiil elciuiiue 
tests Recoeere seems to he inodueod fiiM In iin iiieieiise in efleetne lend blood 
lloee followed Intel he rcpiiii ot tiiliiilnr fiinetion The ^i idunt elifliision is 
nppnrcnth the fust tuliiilni defeet to disipptii The total iceoecm of noimil 
tiihiilni function is nntch slowci 

Tlif* nutliorii iickno«lc<lpc nith think llio t siHtuuc ot Mr^ Cilhcnno 'Nobo iind Mi&s 
Lorninc ^climolzlo with the cliomunl imh is 

ui I nti \Lr'» 

1 Luck^ B Lowor aSephron ‘Ncpliro'*! Mil ‘'UfRCon 99 il in4S 

J IIofTnmn, M ^ nnd linll, D Afanfi^enicnt of L(»wcr Xepliron iMphro*?! With Ht 
port of Six CnspM Arth Iiit Mod In prt s 

Smith II M OoMrinct M , nn«I Clin is 11 Thi Mei nri-nieiit of ilie Tubular CKcrctoi^ 
Mo. ‘I EfTcctixc Itonal Blood How nnd Filtration Bate in the Aornuil Human Kulnc; 

T Clin Inicstis:ntion 17 SC"’ 191S 

4 Coldrinff M and CItnsii, 11 IIjpcrtcnHion an I llxperton no Dliei^i Commonwealth 
Fund 3scw'\ork 1044 p 21- 

o Corcoran V C nnd I ufjo I If V Method for the Di termination of Mnnmtol in Pla ma 
nnd Urine T Biol Cluni 170 U.1 1047 

r E E Riiml Blootl Finn ind Kenal Ch irann Bunn;, Ilemnrrlingn Shock, 

\ni J Phvsiol 146 fon 1041, 

7 Redish J J H AMiitehend B W and Cha h IT Abnormal Ttennl Tubular 

Back DifTu ion I ollou niff Anuria J Clin In\e tiffation 2G ]04'1 ]047 
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123 SI, 104T 
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HISTOPATHOLOGY OP THE LIVER IN HU 3 IAN BRUCELLOSIS 


Wesley W Spink, i\I D , Pbedebick W Hopfbaxjee, M D , 

Walteb W Wakicek, MD , and Robert A Green, II D 

]\IlNNEAPOLIS, ]\LnN 

T he hibtopathologj ot brucellosis lias been defined foi the most pait on the 
basis of studies of the tissues m expeiinientally infected animals, and the tis- 
sues of patients who, having had the disease, died from brucellosis or othei 
causes Little infomation is available relative to the tissue leactions that occur 
in the ambulatoiy patient -with acute oi chronic brucellosis This report lepre- 
sents one aspect of a geneial study on the pathogenesis of human brucellosis 
being earned out in this clinic In these investigations, the changes taking place 
in eeitain oigans and tissues have been ascertained by obtaining specimens iwth 
biopsy teeliniques Attention has been given particularly to those patients hav- 
ing bacteriologieally proved bnicellosis Sundbeig and Spink’^ already have 
desciibed m detail the histopathology of the sternal bone mairow in human 
brucellosis The purpose of this paper is to present the findings m the liver of 
eleven patients inth pioved brucellosis Wlnle hepatic lesions have been de- 
scribed pienously, there is a lack of knowledge of the changes that occur m 
living subieets who eventuallj recover from the disease 

Fabyan,® and later Jaffe,® emphasized the chaiacteiistic gianulomatous 
lesion of biueellosis in expei mentally infected guinea pigs Some years later 
Loffler and ion Albertmi-* described these granulomas in human material Their 
initial observations weie limited to a single case in which splenectomy and a 
liver biopsv were earned out Subsequentlj'", von Albertim and Lreberheri,® in 
one of the best discussions of the pathology of human biniceUosis, detailed the 
findings in the liver and spleen They observed granulomatous hepatre lesions 
vuth and without extensive necrosis It is quite apparent from studmng then 
paper that bnicellosis cannot be distinguished from tuberculosis on the basis of 
the hepatre changes The 011I3 illustration of a hepatic granulomatous lesion 
due to brucellosis that we have obseived in the English or North Ameiiean 
literature is in the paper by Hlettiei and Kerr ® A liver biopsy was secured 
fiom the left lobe of the liver at the time a cholecj stectomy was peifoimcd 
iMieioscopic examination revealed a bizarre, destructive, and inflammatory proc- 
ess in various stages One large lesion with central neciosis was obseiwed and 
adjacent to this theie veie numeioiis, disciete, tubercle-lrke foci which consisted 
of hinphocvtes, epithelioid cells, and an occasional giant cell In another in- 
stance Lovbeei' lepoited a case of bnicellosis in which choleevstectomy vas 
carried out and a biopsv of the li\ei was made Gianulomas weie found in the 
v all of the gall bladdei and in the liver 

'From tlie Dhlsions of Internal Medicine and Pathology of the Universitj of Minnesota 
Hospitals and Xledlcal School 

This in\ estigation aias supported (in part) ha a research grant from the UiMsion of 
ncscarch Grants and Felloirships of the National Institute of Health United States Public 
Health Sen ice 

Uecched for publication Oct 2 x94S 
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Ml nous OI StUD\ 

S|iC(.iniLii of li\ir uiri olitiMho*! from tlcxtn cn es ot huniau briictlIosi'< llic tlm|, 
no of nctuo <h c ipc uns prosed butU riolO},icnll 3 in of the olcscn ense^ In the 

remnunng threi p'^tsents the <lia"no<ais wns cHtahlislicd on tlio basis of opidcnuologic chm 
cal, and crologic esulcnci Ten of the cksen patients rLcosercd from the disease One 
patient committed suicide and a complete post mortem stiidj Tras obtained The duration 
of the disea o in this group saned between three sveehs and three jears Biopsies of 
hepatic tissue in the Ining subjects were obtained In ono of the tlirco following methods 
pentoneoscopj , needle biopsj, or urgical oxeision The nccdlo biopsy method is now 
cmplo\cd exclusnch since it is simple and can be earned out at the bed side In addition 
to fixing and staining the pecimens of li\or, portions of the biopsitd material in four 
instances were cultured for Brueella Special stains were al o carried out for conntetue 
tissue, reticulum, glvoogcn, and bactenn 

In an attempt to correlate the histologic changes in the ll^cr with functional impair 
niont of the organ, a senes of livir function tests were performed in each case A brief 
clinical liiator\ of each case is pro enttd along witli a description of the hepatic ti sue 
•Pertinent clinical data, the li\tr function studies that rt\enled abnormal results and tlie 
cardinal histologic Iindint,s are pummnnrod m Table I 

nnsuLTS 

Case J— I II, a 2S\earol(l housekeeper hn<l been ill for four and one half months 
^'cakness was tlio ori{,ina! com[daint Tlion ensued 8e\crc shaking dulls, dronclung sweats 
and fo\or Hie source of her infection was tho ingestion of raw milk obtained from a 
herd of cattle liaaing Bang's disease On admission to the hospital tho ootstnndmg find 
mgs were an acutely ill and febrile patient with no demonstrable enlargement of tho liver 
but a firm and nontondcr spleen was palpated at the left costal margin Pertinent labora 
tor} data revealed a lcucoc}to count of C,-400 witli n dilTcrcntial of OS per cent poly 
morphonudoar ncutrophilcs, 3S per cent 1} mphoc} tos, and 4 per cent monocytes The 
erythroc}to sedimentation rate was 72 mm in ond liour (T\ cstergren) Agglutinins for 
Brucella wore pre ent in the scrum in a titer of 1 to 320 to 1 to G40 On four occasions 
^nicella abortus was isolated from cultures of blood 

Pcmcillin was administered m large do cs without benefit but coincident wath treat 
rotnt with sulfadiazine, tho patient improved Subsequent blood cultures, however, showed 
tJio presence of Br abortus Because the patient was febnlo and the splenic enlargement 
persisted, sploncctorav v^as earned out, and a biops} of tho liver was made at the same time 
Tho spleen weighed 217 gram*! Multiple cultures of splenic tissue remained stenle, and 
roicro<*eopic studios showed numerous largo granulomatous lesions Subsequent Jiepabc func 
tion studios showed normal values Spidnectomy did not appear to improve licr condition, 
and improvement occurred graduall} over a period of «!cvcral months 

Study of Liver Btopsy The specimen was a tinngular fiagment from the 
h\ci edge measuring 9 bj 4 b> 2 millimctci-s Micioscopicall}, the architectunl 
pattern appeared jiormal A few of the poital spaces contained a mild infil 
tration anth small round cells No excess of connective tissue could be demon 
*5tiated with tho azocaiminc stnin Scatteied hepatic cells contained a small 
amount of finel}. divided golden biomi pigment which did not stain for iron 
A few degenerating cells v\erc present, suiioimded b> polymorphonuclear leu 
cocjtcs Best’s caimine stain showed a noimal complement of gljcogen Three 
smaU granulomas were picsent, tno located within one portal space and a 
smaller one within another portal space The> were similar in appearance witli 
^ penpheial zone of small lymphocytes and a central collection of epithelioid 
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coproporplij rin (Sclinartz ct nl J Biol Chrm 16S 133 1047 ) 
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cells With pink cv toplasni and indented vesiculai nuclei as seen in Pig 1 Thei e 
was one Langhans’ ttpe of giant cell with peripherallj- situated nuclei Neciosis 
was absent and leticuluni fibeis w'eie demonstiated wuth "Wildei’s silver stain 
both pel iphei ally and centi alls'" No oiganisms could be demonstiated wntli 
Veihoeft’s eaibolfuchsin and MaeCallum’s modification of Goodpastuie’s stain 



I'lR 1 — Photomicrograph (Xl75) liter biopsj secured at time oC splencctomt m ^ 'll'" 
1 The granulomatous lesion consists of a central collection of epithelioid cells and a pcnpn- 
ci al zone of small Ijonphoci tes 

CtSE 2 — L N a 29} ear old farmer, Ind been ill otcr a period of eleten months uath 
u oakness, chills, feter and nocturnal sweats Si\ months if ter the onset, a blood culture 
shotted the presence of Br aVortia, and n course of therapy ttith sulfadiazine resulted in 
onh temporart improtement Five months later Lr abortus was igain recovered from a blood 
rulturc Except for enlarged Itonph nodes, there ttere no ph}sical abnormalities The liter 
ind spleen ttere not enlarged Laboratort studies shotted a leucoc}tc count of 6,900 "ith 50 
])er cent polvmorphonuclcar leucoettes, 33 per cent l}mphoc}tes, S per cent monoo}lcs, and 
3 per cent eosinophiles The ervthroc}te sedimentation rate ttas 28 mm in one hour (AVestcr 
gren) The agglutinin titer for Brucella ttas I to 2,560 Liver function studies retealed an 
excretion of urobilinogen and coproporph} rin in tlie urine just slighth abote the normal 
range 

Pcritoncobcopt ttas perfornicd Tlit siiif ices of the htci ippeaicd iiormil, and a biopst 
of the liver ttas secured ttith the aid of a modified Silverman needle s 

Study of Liter Biopsy The biops} specimens included a slendei fiagmeiit 
mcasuiing 10 by V/j inillinieteis 3Iicioseopically theie was a nonnal aichitee- 
tural pattern Some of the poital spaces contained a few round cells, which 
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weiL ili>o prcioiil in small numbcis in tin, shuisokIs anil m focal collections 
iinoiif: the hcpilit cells Tlic azociiiiniiit stain failed to demonstrate nnj appie 
ciihle incieasc in lonnectiie tissue The liici cells cniitaincd a small amount of 
finclj dnided t,oldLn Inonn pipmcnt, pait ol nhicli stained foi non In seinl 
sections, grannlonins with eintliclioid cells ncic noted, the two smallest beuig 
m the central portion of a liiti lolnilc and the tliicc laigcr occnpiing portal 



spaces The smallest lesion consisted of about si\ epithelioid cells surioiinded 
b\ approvimateh a dozen small Ijanpbocjtcs The laigcst occupied the better 
poition of a small portal space, and slioncd n peripheral zone of Ijinphocytes 
and central cpitlielioid cell zone as seen in Fig 2 Tlic eeU outlines ivere in 
distinct, the cjtoplasm basing fused, foimiiig smcj-tial masses resembling Lang 
bans’ tjTie giant cells The nuclei were Tcsicular, manj being indented Necro 
SIS Has absent and reticulum fibers were demonstrated between the epithelioid 
cells No oiganisms were found mtb acid fast and Giam’s stains 

Case 3 — V, M S , a 47 \car olil, '\lutc, male coufcLtioner became ill one month before 
entry ^itli fever drcnelunp niplit sweats, migratora arthralgia, sovoro headaches, msomma, 
and a marked tremor of his hands He 'was a moderately ^severe alcoholic His acute illness 
«as contracted through ingesting rau milk and cream obtained from a herd of cattle witli 
Bang’s disease The abnormal physical findings included a tender liver that nas felt 4 cm 
helow the right costal margin, I>aboratory data revealed a leucocyte count of 4,100, and a 
clifTerential count of 49 per cent polymorphonuclear ncutrophiles, 39 per cent lymphocy^tes C 
per cent eosinophiles 6 per cent monocytes and 1 per cent basophiles The erythrocy'te sedi 
mentation rate Nsas G8 mm in one hour CWestcrgrcn) Brucella agglutinins v.erc present in 
the scrum in a titer of 1 to 5 120 and Tr abortus ms cultured from the blood Liver fnne 
tion studies showed abnormal excretion of unnarv pigments ami 21 per cent retention of 
sulfnbromthalein (Table I) 
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The pitient \\as treated with stieiitonncin in closes of 0 4 Gm everj three hours, hut 
because of the appearance of purpura and an accentuation of the fever, therapy uas discon 
tinned lie then receiced sulfadiazine, and coincident nitli this improvement in lus condition 
was noted Although the patient felt better and returned to norh, three months after leaving 
the hospital Bi (ihortus was recoveied from lus blood After a lapse of another three montlis, 
cultures of blood remained sterile 

During the patient’s initial stav in the hospital Dr Kicliard 'Varco secured a biopsj 
under local anesthesia of the left lobe of the bver through a small midline abdominal incision 
Gross inspection and palpation of the small area of the Iner that presented itself in the inci 
sioii revealed no apparent ibnormalitv A portion of the biopsied specimen was cultured for 
Brucella it proved to be sterile 



Fie S — Photomicrograph (X'o) of liver blopsj from Case 3 A confluent granuloma is present 
as described in the text In addition there is evidence of a patchj fatt> metamorphosis 


Study of Zdvei Biopsy Tlie specimen examined liistologieallj ivas a frag- 
ment fiom tlie livei edge measuiing 4 by 4 by 3 millimeters Micioscopicalljb 
theie t\as a patchv, fatti metamonihosis and a modeiately severe, lound cell 
infiltiation in the portal spaces A laige epithelioid cell giannloma was piesent, 
coveiuig an aiea slightlv gieatei than a liigli-power field Its location with 
lespeet to the liver lobule was uncertain, but it did not appeal to be within a 
poital space It consisted of epithelioid cells, IvTiiphocj-tes, and a few^ plasma 
cells a 1 ranged in smaller lounded gioups suggestmg that it was made up of 
seveial smallei confluent gianulomas (Fig 3) In step sections, on winch bac- 
teiial and other special stains vveie cairied out, the giannloma disappeaied and 
onlv two small lesions of a similai nature could be found These consisted of 
a collection of foui oi five epitlielioid cells suiioundtd bv a dozen oi moie 
Ivmphocvtes No definite bacteiia vveie demonstiated, and theie did not appear 
to be an inciease in connective tissue in the poital spaces 
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Case 4 — E S, u 55 truld hmi iwift Imil biN-n jll /or tuont^ tuo months bLforc she 
was first seen at Uio ■bn^v('rs^f^ Ho jiital** SJh liml < xporn nr< <1 niarhod for ono )car 

Ufort fovor and nrtliralpn nppoind Dunnj; tho tune tint lio ms ill n number of tows 
OQ lior farm were found lo ImM Ibmf; s tli ui t I lusnnl examm ilion reMnlcd on mdmdual 
who appeared chron/ealH ill, hi ioiiipriim I of ctert headnehe't nml painful jomt Inm 
over the lumbar nrn wih nfrcraxitid b\ moununf of tin lc;,«5 The infi rplnlangenl joints 
of l>oth hands were onlarpid and motton « i limited The of fht h\cr njs jus{ pafjuble 
at the costal nmrpiii TJu lemmUi lount win 7100 with 01 per rent polj morphonuJenr 



Fig t —Photomicrograph (x3 51 of Il'or blop y uccurcd io Case 4 Vn epitlieliold cell granu 
louin containing a filnnt cell Is honn 

neutrophiles 35 per cent limphoe^tCH 1 per cent eosinopJulcs; and 1 per cent basophiles The 
erythrocyte sedimintntion rate was 30 mm m one hour Agglutinins for Brucella were present 
in a titer of 1 to 040 Repeated cultures of blood remained sterile The onlj abnormal liver 
function was a slight!} clciated scrum bilirubin She improved while in the liospitnl but since 
that time there has been no opportunity to follow her progress 

A biopsy of the h\cr was obfimcd through a short imdline abdominal incision by Dr 
K A Menndino The Msible surface of tlic liver appeared normal A portion of the biopsy 
cultured for Brucella remained sterib 

Studij of Livci Biopsy A si)cciineu measiuing 1 by 5 by 5 cm , from the 
luer edge ttas blocked ind sectioned Alicioscopicalh the geneial architectiuc 
^vas normal Some of the poital spaces, partieulaily the smaller ones, contained 
a prominent l^inphocytc ind plasma cell infiltiatc No increase m fibrous tissue 
could bo demonstiated Occasioml neciolic Ii'cr cells ttere picsent, surrounded 
by mononuclear leucocytes as ^^clI as a number of the so called regenerative 
forms vuth largo hypcrchromntic nuclei Hanv hepatic cells contained a small 



V,'' Ir-oTn pigment part of ■n-Juch stained foi iron Yacuo- 

Iitid vvl'v 1 S-’ ''I nambers 'irere piesent around «omc of the central reins 
Appwxim 'teir ten epithelioid cell granulomas were noted chieflv within lobules, 
one being in a portal space Fig 4 is a photomicrograph of this biopsr The 
largest of these granulomas occupied one half the area of a high-power field, 
tlie otheis being much smaller Thej- consisted of collections of epithelioid cells 
with resicular, indented nuclei surrounded br small Ivmphocrtes Necrosis ras 
absent and reticulum fibers were demonstrated within the lesions No organisms 
were seen in preparations appropnatelv stained 

CcsB 5 — ^31 M a 66 'ear old liouseuife had pain in the left lower quadrant, in addi 
tion to fatigabilitv, night siveats, and neight Ics^ Her illness had extended over a period of 
■TX months Physical examination revealed a febrile patient harmg a palpable spleen but 
the liver was not palp ible The leucoevte count wa<= 3 S50 ivifh 51 per cent polymorphonuclear 
nentrophiles, 48 per cent lymphocvtcs and 1 per cent monoevtes The erythroevte sedimen ' 
tation rate was 30 mm in one hour The agglntuiin titer m her blood tor Brucella nns 1 to 
640, and Dr abortus was obtained from a culture of blood Liver function studies revealed 
an abnormal th3Tnol turbidity test and the urmarv coproporphvrm value was elevated 

A peritoneoscopic examination was attempted The surface of the liver appeared nor 
mal, but a satisfacton biopsy was not obtained Therefore Dr K. A. Henndino secured a 
biopsv through a midbne abdominal incision under local anestnesia Part of the specimen 
I as cultured for Br abortus nathout snecei« 

Study of Liici Biopsy The biopsx specimen measured S hv 4 by 3 mm, 
and was of noimal appearance ilicioscopicallv there was some distortion of 
the architecture with a suggestion of increased connective tissue and pateht 
areas of vacuolated hvei cells Jlany poital areas showed dense Ivmphocytic 
infiltiation Thimighout theie weie scatteied necrotic hvei cells suriounded 
hr mononuclear leucoevtes A few liver cells contamed fine brown pigment 
which did not stain for iron In step sections, approximately six epithelioid 
cell granulomas were piesent at each level These were of small size consistmg 
of central collections of epitheboid cells vamng from five to twenty m number 
surrounded by a zone of small Ivraphocvtes and occasional plasma cells A 
granuloma is shown m Fig 5 Xeeiosis was absent and reticulum fibers were 
demonstrated hetveen the epitholioi'^'^'^''lls No organisms were found in ap- 
propnatelv stained pieparations 
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lie C — 1 hotoinkrofef'ipli (X3 ) Ca'o f One of aoecrol Brnnulomns la shown The faur 

rounling U%r‘r cells contain fnt vacxioles 



Pig 6 — I botomicrograph (X50) Case 5 The ccond bIop3^ Tsa taken six months fol 
•owing the first Three small granulomas are shown in a single field The peripheral lympho 
•-Tiic zone and central epithelioid cells are demonstrated 
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In 01 appeared srnoot)! A piece of the tissue failed to jield Brucella aftei 
ciiltimng foi the oigamsms 

The patient iias. snhseqiientty discharged from the hospital It was lemaik- 
able that the patient expeiieiiced so few sjmplomi, m vieiy of the positive 
baeteiiologic studies 

Study of Second Ln cj Biopsy The biopsr specimen ineasmed 10 hv 8 b> 
5 millimeteis hlicioscopicallv, the geneiaJ Jivei ai ehitecture remained un- 
changed Theio Aias some dnmntition in the amount of fat present hut mote 
neciotic liver cells could he found than m tlie pieiious biopsy In some m 
stances, tuo to six neciotie Iner cells were noted suiiounded by mononuclear 
leucocc tes and an oecasioual polymoiphonneleai leucocyte A transition from 
these focal neeioses to small gianulomas was noted There appealed to be 
about the same number of gianulomas as was noted pieviously (Fig 6) In 
one pDital space a lounded seai containing small lymphocytes suggested a healed 
gianuloma Bactenal stains were negative 





Hr ~ — Photomicrograpli (X215) Ca':* 6 One ot the granulomas is saonn located aCpccnt 

to the wall of a central ^em 


C\SF C — J T, i tlteiToW trucK anver, MiJ heen ili for three luontlia ■'VitU 
fitifTilnlitj nwl lock of enorg^, succeeded Irj dulls, feter, aad aigiit swells Four tnonfl'S 
■before tlie onset of Jns illness be had worked jn a meat packing plant foi siv months There 
were no abnormal findings on plitsicd evunimtion The laboratorr results included a leu 
coette count of -1,300 with SO per cent poltraorpkonuclear neutropiules and 60 per cent 
Ivmphocvtes The crrtlirocvte sediment ition rite was 77 mm in one hour (W estergren) 
The agglutinin titer for Brucelli was 3 to 640, and Hr aVortus was obtained from a culture 
of blood He was treated with su]fadIa^!ne and felt improted feeteu weeks later he was 
readmitted to the liospiti! horause of chills ferer, malass?, heidadie, and a nonproductuo 
tough His teniptrature was 103 3" F , ind the liter and spleen were now palpable Cultures 
pf blood taeldcd JSr //horftts Liver function studies were witinn normal limits A biopst of 
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tho rifilit lobe of the liver axo** nmJe uith the '^iherimn ncidk Ht \\ m trnted uitli sulf^ 
(Iminc nffniO; but liecnuso of the nppenmnrc of n ^rrnntiloj'inm, thenp\ with this dru^ \\ns 
di«continue<l, nnd strtptonivcm wna ndnunistcn d Jleciusi of the fipprir ince of n hm crop 
tion, nnd an accentuation of his fevtr, triatmnit with gt^epIo^l^cm uas omitted He tlrmlJ} 
Approached n normal Ptntc of health and left the hospit il 

Sludij of LnrrJItopni Tin, sinp of ti'isiiL obtimcd ic\calccl i faiil% norninl 
lncr nrcliitcctuip witliout nn intronso of coiuieeti\c tissue Tlie poitnl sjnfcs 
conlnmcd n niodento moiionuelenr iiifillnlt Scattered liici cells contained 
fat inciioles In all, nine opitliclioid cell Riamiloiiins neic noted nliieli litre of 
lamng size the largest ocenpiiiif, most of n high ponci field Tins is slioiin 
in Fig 7 It lias located adjntciit to n eeiitriil leiii and consisted of ii toinpact 
collection of epithelioid cells iiiterspci-sed iiitli smnll hiiiplioti tes Tivo I ang 
lians tipe giniit eells iicrc present in the ccntei Tlicic ins no ncciosis The 
smallest of the lesions consisted of four or (lie epithelioid eells toiniiii„ n rounded 
mass nitliin n sinusoid 

Clar 7—0 11 , ft 01 icirolil fariiftr iir<«enl<a n nnuc Insfon of epiKnitnc ilistres 
recent loft IienujiU gm, In s of stniigtli, reduetion in iieiglit ftml ntglit cieeftt V dingnosis 
of peptic ulcer liiul hem mmlt in the pi t There lifts no ikftmh tinJciire of hipertension 
In assemhhng further chnienl (Ifttn it I'fts leiriied thnt n herd of ntlle oiiind hi the pitiont 
hnd Pang a dirense nnd nhorlious iien oieurnng The pin lenl (\iuunntion ins e mtially 
normal cxeopt for inenased refleaes of the left upper ftuil loin r eatreniitic nnd ft hicr that 
iras palpahk at the eostnl margin I ahonitora dnlft lioired ft leuioejto (ount of T4j0 luth 
50 per cent polimorphonuelenr neutrophihs, lO per cent Iimplioeytes nnd 11 per cent mono 
cytes 1 lumbar puncture ri veiled normnl findings Tho erlthroiyte ediinentntion rite lias 
uO mm m one hour (Mestergren) niauelln agglutinins acre present in the blood in n titer 
of 1 to 040, and cultures of blood jnided Hr ohorfirs I iier function studies rcienlcd normal 
values 

1 hver hiopsi lias carricl out mth n modified Siliirman neidk The patient lias 
treated iiith n comhmntion of stroptoiiiji in iiml suirndiazme for tiio neeh His response 
was satisfactory nml ho h ft tho hn pital improve*! 

study of Liver Jiiopiij A ship of hepatic tissue slioiicd n niild fntti meta 
morphosis iiitli ficqucnt focal collections of mononuclcai eells nnd scattered 
polymorphonuclear leucoei tc.s Present in these foci nere a fen epithelioid cells, 
and in others there iicro discrete lound gramiloni is composed maiiili of cpi 
thehoid cells nitli nn occasional hanglims tape of giant cell, as illustrated m 

Fig 8 

Case S-K S n 50 year old, iiliit. farm uife iKcume .11 three years hofor. admission 
Uitli a bilateral pleuritic p nn fever night sue its, ami pain over the loner part of the spme 
In the interien.ng time she had lost 70 pounds m nc.ght Too rears after the onset ^le had 
vaginal bleeding of one uiontli’s duration, the enusc of iihicli iins not nscerfnmed Tins lias 
accompanied by a urinarl trnct infection nhicli responded iiell to treatment mth penicillin 
Shortly thereafter, tlie patient hud n cholecystectomy folloii.ng nn acute episode of right 
upper quadrant colic, vomiting nnd elnlls About mac months Inter, she lifts cons.dernhlr 
'lebihtnted and was admitted to a tuberculosis sanatorium with a diagnosis of Pott s disease 
of tlie spine Tuberculosis iins excluded ns a cause of her illness nnd n diagnosis of active 
brucellosis witli spondjhtis was con iderod She was ndmittid to tlie Univer itj Ho-^pitals 
for treatment Tlio source of the patient s infection could not be ascert lined aUhouf,h she 
drank raw milk On examination she appeared poorlv nourislicd and chromcalh ill The 
Bpleen was palpable 4 cm below the costal niarj.in, and the liver, 6 cm below the cobtal 
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) — Photomicrograph (X270) 


Case 8 V small granuloma is present aalthin 
space. 


portal 
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niir^in. fliirt triulonu** lo perui jon ivtindui;; from tin lower thoriLic level down 

to the lumber nrei Uvbomtnrv (bit i revealed n Kocoevle count of u/lOO with lo per cent 
neufropJjjl( 41 j» r ('nit hmpho \t( , 7 per c(nt monoevte*^ ( per cent eosniopliilos and 1 
per rout 1 ii opliile« Ihe (rvthnxvto idimcnlation rntc wns 40 nitn m one hour 

\t.i,hitmins for llriudhi \\cr< present in the blood crura 111 n titer of 1 to ]-SU 
Pr alnrtiit wns identifltil in bloo 1 (ultuns on two ojcn ion Hocntj^onologie exiumnation of 
tlic t/iornrrL ppmc revelled an inttnmmiitorv proei s jnvolvinp flic ecvmtli and cightli thormie 
virtelne, a ociatcd with ilestrnction of the iiitervtrtfbrnl di e and a perivertebral inns 
I ivt r funrtion studies bo\\» d nbnorm il fin lin^s ns n m 1 nblc I 



f’t? 10 — rhototnlcrograph (X 00) Case 9 V small groniilomn of moderate size Is shown 

A liver biopsj wns earned out at the bedside with a modified Silverman needle The 
r^bont was treated witli a combination of streptomycin and sulfadiazine, receiving 0 5 Gm 
of tlie former even six hours for two weeks, and 1 Gm of sulfadiazine every four hours for 
similar period She improved remarkably in this period, and left the hospital A checkup 
one month later showed her to be afcbnlc and abacteremic, and feeling greatly improved 

Shuhj of Liver liiopsy The specimen nicasiiicd 2 cm in length and 1 mm 
m diamctci There ^\ns iu extensive mononnclcai infiltiate of the portal areas, 
ljut tlieio ^as no increase in connecti\c tissue Scattcicd thioughont both portal 
flro'is and -within Inci lobules were gnmilomas of \amng size, the largest of 
these approximating the meosuiements of a portal aiea Fig 9 shows a small 
eramiloma within a portal space The lesions were formed by epithelioid cells 
‘Surrounded by varying numbers of lymphocytes Cential neeiosis was absent 
The liver cells contained some fine brown pigment and scattered regcneiatnc 
and degenerative forms w ere picsent 

Case 0— A 32 year old buamossman had tlio onset of fever and sweats about three 
'Woks before entry to the hospital Sulfonamide and later pcnicillm were given wnthout com 
<‘>dont improvement Tlicro were no abnormal findings on physical examination Data from 
If'liorntory procedures showed a leucocyte count of 8 300 with 56 per cent polymorphonuclear 
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ncutrophiies, ^0 per cent lymphocytes, and T per cent eosinopliiles The ervthrncvfo ea/t 
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PiF 15 — PiiotomicroKrap)) 




CX 150 ) 


showing a large granuloma in liver studied 
post mortem 


J>tiip of ]it Cl hhowecl & jiiodeiate fatty meta- 
1 ^ Ivmphoei tie mfiltiate m the portal aieas Well- 

hmh tubercles uere piesent, one of tvhicb filled almost the entire 

nf*^onitT'?^ I t, le portal space Tins lesion consisted of a central collection 

cclk TtT ^ ^ pcripheial zone comprising h-rtiphoc-vdes and plasma 

ceils nithoutneeiosis Fig 10 shons a gianuloma 

comnkmTnrr^nT'^ if ' ^ picking phnt emplojee, had been ill for si\ months 

n ID^ r^ouKHo f nervous On e.am. 

Laboraton informa/m^ e'lturo « is a firm spleen palpated 6 cm below the costal raargm. 
neutrophilo'! md ® '' count of 4,700 with 43 per cent poljmorphonuclear 

"rLm m o.m ' n7 7 The sedimentation Je of the erTfhroVes was 

titer ot 1 -to for Brucella ^ere present in the Mood in ft 

mon.ba Lfor^’Z if ' studies performed five 

j I er w is studied histologicallj revealed abnormal values as shown m 

appeared to bn'iLii treated specificalh, bnt he abstained from work and rested He 

rrrl,nd?Tff:f,;;r^^ b, hangmg A complete post 

mg' related to the liver Pohert Hebbel and the onh signidcant histologic Unfl 
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Slvdij of lAicr (Po<!t Morlem) flic li\ei \\cit.lied 1 S')0 ginms Its cnpsnlc 
wis smootli The inniKiiigs on sodioiiiiig llic oigim ^^clt noimal Tlic (,nll 
bindder contained giccnisli Inlo The wall nppo lud noimal and the ovtnhep itic 
bile duels wcic imlent and innliaiucd lliciosoojnc csamin ition showed the 
presence of scalteied gianulomns in the Inci The laigtst ouiiined the t,icatci 
pirt of a liigh power field Tho\ weic loiind to oval located wnthin jioital nie is 
and within livci lohiiles Tig II shows a giamilomi hcinatli the cajisulc 



Plir !■>— Iholinilcrocrilh (XI 0) Cn i II shiwins v sinnil sranuloma 


There was a piodoinnianec ot small Iviiiiihoevtcs and jilasma cells with a lesser 
numbei of epithelioid cells giouiicd ccnti illv iso giint cells weic loted and 
necrosis was ahsent The siii dlei lesions consisted of dense collections of 
IjTnphocjtes and plasma cells It is of interest that sevcnl of these laiger foci 
showed evidence of licaling consisting of a diminution of celliilantj with an 
incrcssc in collagen fibcl^ 

Casf 11 — II & a SuvnroW white farmer had heen ill for five months The onset 
"US innrhecl bj severe chills fever nmlnise nnoresin, and weakness During the course of 
his illness ho Imd lost 40 pounds in weight Niglit sweats had Iwcn prominent The patient 
was severely exposed to Ilnng s disease existing in a herd of cattle Ho had removed n 
retained placenta with Ins unprotected Imnds lie had also ingested raw milk from tins herd 
tt 13 of interest that three venrs previously ho had Imd hepatitis of unknown etiology There 
were no phvsienl nbnorinnlities apparent on plijaicnl csnmination osrept for generalized 
Ijanphadenopatliv nnd n skin eruption consistent with erjtlicnia multiforme Lnboratorv data 
•hovved a leucocyte count of S fOO with 52 per cent polymorphonuclear neutrophilcs 39, per 
Wat lymphocytes, 4 per cent eosinopliiles 4 per cent monocytes nnd 1 per cent basoplules 
Brucella ngglutimns were present in Ins blood m n titer of 1 to 040 Bepeated cultures of 
'enous blood remained sterile Liver function studios were all within nornml limits 

A liver biopsy was obtained at the time of peritoneoscopy The surfaces of the brer 
appeared normal The patient was treated vvalh streptomycin and sulfadiazine for a period 
of two weeks He improved mnrkedli nnd has felt well since leaving the hospital 



'56 


spiMv HOimvurii, w^lkfr and cRraN 


Study of Iavci Biopsy Tlieie weie two thin fragments of liver measuring 
1 and 2 cm in length and 1 mm in diametei The portal aiea showed a mod- 
el atelj* severe infiltrate with mononueleai eells Fig 12 shows a small giaii- 
uloma 'Within seveial liver lobules tliere were small gianulomas consisting of 
cential epithelioid eells and a sni rounding zone of lymphocytes 

DISCUSSION 

An outstanding featuie in tins study of eleven patients is tliat hepatic 
lesions liave been piesent in eveiy instance The presence of gianulomas in the 
Iivei lobule oi in the poital areas, with a portal cellular infiltiate in several 
cases indicates that these hepatic lesions cannot be consideied as complications 
but as a pait of the natural course of the disease The presence of the hepatic 
lesion has no relationship to the seventy of the infection or to the clinical status 
of the patient The changes hare been obseiied in individuals ivho weie quite 
ill, and in others vho were symptomatically ^vell at the time the biopsy was made 

Tho genesis of these lesions is worth 3 '^ of comment Thus fai, in the human 
in\ estigations, the hepatic changes hare been associated only until Bi ahoiius 
This species is usually less inyasive than Buicella sms or Bnicella melitensis 
Tlio appearance of epitheboid cells in the livei lobules, and in the portal spaces, 
undoubtedly lepiesents a lesponse to the invasion of cells by Br abortus This 
infiltiatioii with epitheboid cells indicates either an effieient defense mechanism 
01 invasion of the tissue by raieiooiganisms of low virulence Prom observations 
being conducted in this laboiatoiy by Dr A I Braude in evperimentally in- 
fected animals,'' it appears that a combination of these factois is responsible for 
the noneaseating granuloma He lias observed severe caseation oceuiring with 
Bi sms and Bi melitensis He has also observed that just a few days before 
the appearance of epitheboid eells there is an intracjdoplasmic invasion of the 
liepatic cells bj^ demonstrable Buicella, but ivithout any surrounding eellulai 
reaction In the present investigations, attempts weie made to cultuie a portion 
of tlie hepatic tissue containing granulomas olitained fiom four patients, and in 
each instance the cultures remamed sterile 

The hepatic lesions that have been described in this report are not specific 
for brucellosis The granulomas in the bone marrow of patients havmg brucel- 
losis could not be distinguished from saicoidosis, as pointed out elsewhere ^ This 
also applies to the hepatic granulomas and sarcoidosis Obviously, the histologic 
diagnosis of involvement of the b\ei in sarcoidosis should not be made until 
bnicellosis has been carefully luled out In addition, the gianuloma of brucel 
losis cannot be differentiated from that observed in some cases of tuberculosis 
and sj-phibs 

, The simultaneous performance of a batter j' of b\ei function tests and an 
hepatic biopsy has shown little oi no hepatic djsfunction in scAcral of the 
patients having demonstrable changes in the tissues Instances of hepatitis, a 
diagnosis based upon cbnieal and biochemical evidence of liver dysfunction, 
haic been described in patients with bnicellosis”’ ” A question which this 
study has provoked is whether brucellosis will cause extensive and pemanenl 
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Iicjutic changes sucli ns ciiiliosis of the li\ci Tins aspect of the problem will 
bo considered in another pnpci iiulnidual instances of cirrhosis occuiiing in 
brucellosis hn\c been icportod in this coiuitrj ' Pioqucnt icfcrcnce to 

this nssocintion has been made fiom time to lime in the continental litenture ’ * 
In this Inhornton, it has not been possible thus far to produce cinhosis of tlic 
Incr in cxpcrimcntnlh infected nnmuls While a diicct lolationship between 
hepatic cinhosis and liiiinan hriuollosis his not been clcaih established then 
IS accumulating cMdcnec that hiuccllosis mu he i major ncccsson incitant in 
the genesis of st\crc and, at times fatal cinhosis 

The aecuiatc diagnosis of bineeJJosjs is dependent upon laboiaton tests 
including cultural and sci*ologic methods Too frequonth bactcnologic cMdencc 
for brucellosis is lacking, and the remaining data maa be inconclusue, oi e\cn 
conflicting Therefore atu piocedurc that will aid in the diagnosis of actuo 
hniccllosis Will be looked upon fnsorablx In clinicians The present studies 
indicate tint dcnionsti*nl»lc histologic changes inaj be picscnt in the Inei-s of 
it least the majorit\ of patients huing active hniccllosis The lemoval of an 
adcfpiatc spceiinen of Incr h\ meins of a needle l)iops\ maj he a useful dnu 
nostic procedure in the more doubtful eases Mthough more satisfactoiv treat 
ment IS now available for hiaicellosis in the form of combmed treatment with 
strcptomvcm and sulfadiazine one docs not like to submit doubtful cases to 
such thcinpj because of tlic expense entailed and also liecauso of the potential 
toMc reactions eithci of the two dnigs mav induce 

sirWM vii\ 

1 Biopsies ol the livci Jiave hem earned out in ten jiaticnts with active 
hiuccllosis The histologic appe nance of tissue obtained post moitcm has been 
described foi an eleventh ease A batlcrj of livci function tests was cained 
out simultaneous!} with the biopsies m ten eases 

2 The basic licpatic lesions aic granulomas in the lobules and poital sjiaccs 
along with a ccllulni infiltrate in the portal areas The giamiloma is not specific 
for brucellosis and cannot be distinguished from saicoidosis, and, in some m 
stances from the lesions of tuberculosis and svphihs 

3 In several instances tlieie was little or no deviation from noimal in the 
liver function tests, although definite histologic changes weie appaicnt While 
a diicet relationship between brucellosis and cirrhosis of the liver has not been 
established, theic is accumulating evidence that biuccllosis mav plav an im 
poitant acecssorv role in the genesis of cinhosis 

4 It IS suggested tint biopsy of the hvci mav he emploved foi cbagnostic 
pui poses in doubtful cases of human biuccllosis 
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TilE TKLATMl i\T OP PM I MOCOPCAL PiNTUAfONIA B\ p].NlCir LIN 
IN AQLJ OUS SOI LTION AT LONG INTLKVALS 

EtprcTi\TM^Ns 01 Two Dosjs i\ Pirst Tuj nt\-I'Olii Ilouit-s Foliowfd n\ 

Si\( 1 1 l)Mi \ In 11 CTIONS 

'\IomoN II AI O IinoMF II Beraun, I\II) 
lionntT T TiroMtsON Mi) wd A Br wki miorn, AI D 
LiNtx^NiTJ Ohio 

T in tceliiuquc of admimstoiiOr. ponidllm Ins been tlit siilijcct of eonsidcnble 
Jinc-stipntion suicc the 011^.1101! disto\cn lint the liibides ot the h,jdno\ 
eliminntc pcnitillin rjipi<ll\ fiom the blood Tluis nnn\ attempts hnc been 
made to de\(lop j)iepnintioiis wbuh would eillu 1 ptj nut penicillin to be absorbed 
slouli fiom n depot into whnh it w is injected oi which would rcfaid its cscre 
tion from the both * "* 'lliesc eflorls wcit based upon the assumption that 

constant “tlicrapcutic” blood Ie\tls iic netessan foi tljo successful tieatment 
of most infections In tlie taih ixpciunct of Tillelt * howe\ei and also more 
rcccnth, CMdeiieo lias been intsonted winch ents doubt upon the neccssit\ for 
continuous blood lc\oIs m all situations 

All oppoitumtA to subject tbost (onsidci ilions to clinical tinl existed in 
the Cmcinnui Geneial Hospital, where niain patients with pneumococcal pnen 
monia aic treated and whcic t\pin^ ot jnicumococci is still caiiiid out Dining 
the Winter of 1947 I94S theufou the cffnacA oi one 01 two d hIa doses of 
enslallinc pciucdUu ( lu distilled watci was nncstigitcd in a senes of 118 
cases of imcurnonia, sixtA foui of which wcie caused In demonstrated tAped 
pneumococci It is the puitiosc of this communication to dosenbo the results 
of this regimen, wbicli has been issoei itcd with a lower moitalit\ iatc foi 
pneumonia than has caci hcen obsciAcd in this haspitnl 

Plan of stnthj — Bcgjnnmg Doc \o laj" nil patients ndmittcl to tlie Medical Service 
of the Ciocmniiti Gcnernl Hospital with n primary iliagnosiq of pneumonia were treated with 
penicillin but no other clioniotliciapeutic n^ont'i The onlj exceptions were cases where menm 
gitis or endocarditis complicated pnnimonn nml where the pneumonia was belieAed to bo 
can ed bj gram negntno bicilli Streptomjcin nml sulfommides Avere ndmmistered m addi 
tion to penicillin Avlien gramncgntiAc haciHi were bchcicd to be the c‘tu‘'C of the pneumonm 
8UeIi eases arc not included in the pre ent scries 

Before penicillin Aias administered^ n sample of sputum was cultured in blood broth 
for tj'piDg of pneumococci, nod a blood culture wa'=‘ made Tho latter consisted of 3 c c of 
blood added to 50 c c infusion broth in n tlask, and an agar pour plate prepared from 1 c c 
'’f tlio patient’s blood An \ rn> o£ the chest Avas made in everj chse within twentj four 
boars of admission, and follow up films were made in most cases 

Tlirce dosage schedules ivero investigated (Table I) At the beginning of the studj 
patients admitted on the odd dajs of the month, 1 C tho 1st 3rd 5tli etc were given 300 000 
units of crjatallino ronicillm G in 3 ce distilled water intramuscularly as soon ns tlio diag 
nosjs of pneumonia Aias made and tho material for blood and sputum cultures secured This 


This Inveatlcpitlon was BUpnorlecl bj jfranta from Merck & Co Inc Bnhwaj N J and 
tile United States PubUc Health Service antibiotic Studj Section of the Division of Research 
V'rantfl and Fellowships National In<vtltute of Health 
Received for publlratlon Aug 17 IW*? 


59 



60 


HAMBURGI'R BERMAN, aUOMl’SON, AM) BLAMvENHORN 


I'niE J lMr\\[usCLL\r Peniciiiin Dosvpe SnuDuiFs Iwi stic. vtld in This, Srum 


\ \MF (n 
SCHEDTjI e 

1 DOSAGl 

WHEN USED 

’00,000 senes 

500,000 units ciistalluie penicillin G in 3 cc dis 
tilled water on admission, and ei ery 24 hours 
for 6 dais or until temperature is normal for 
48 hours, 1 “booste- dose” given 12 hours after 
first dose only 

Odd days of month, 
Dec 15, 1947, to 

Tune 1, 1948 

200,000 scries 

“Same as 300,000 series, except that each dose 
consistef] of 200,000 units in 2 c c distillerl water 

Even days of month, 
Feb 21, 1948, to 

June 1, 1948 

25,000 q 3 h 
''Cnes 

25,000 units crystalline penicillin G in saline or 
distilled water eiery 3 hours for 6 days or until 
temperature was nornnl for 48 hours 

Even days of months, 
Dec 15, 1947, to 

Feb 20, 1948 


dose )\as repeated e\ery tiventj four hours for si\ dajs or unti' the temperature normal 
for forty eight hours In addition to the dailj dose, a “booster” dose of 300,000 units in 
distilled uater was given tuelve hours after the initial dose, on the first day only This 
schedule, uhieh will be referred to as the “300,000 series,^’ was continued throughout the 
entire period of the iniestigation, from Dee 15, 1947, to June 1, 1948 

Patients admitted on the even days of the month were given penicillin according to 
the accepted conventional method, i e , 25,000 units m saline or distilled water every three 
hours, for six days or until the temperature was normal for forty eight hours This schedule 
was adhered to from Dec 15, 1947, until Feb 20, 1948 At that time it was apparent that 
clmical results with the two schedules were indistmguiBhable It seemed advisable to deter 
mine, therefore, whether 200,000 units might be as efBcacious as 300,000 as the basic dosage 
in the “one a day” treatment The 25,000 units eierj three hours program was, tliorefore, 
terminated, and m its place was substituted a schedule identical with that emplojed on the 
odd days of the month, except that 200,000 units crj stallme penicilbn G in 2 c o distilled 
water were used instead of 300,000 units This schedule, which will be referred to as the 
“200,000 senes,” was followed from Feb 20, 1948, through June 1, 1948 

ANALYSIS OF THE CASE MATERLtL 

Dishibution Accoidtng to Type — Pneumococci weie recovered fiom the 
sputum of si\ty-foui of the 118 cases m the 200,000 and 300,000 senes Tabula- 
tion of the tj'pe distribution (Table II) showed that the commonest types weie, 
m ordei 2, 7, 4, 3, 14, 1, 5, 9, and 18 

The cases from which no pneumococci weie lecovered included an assoit- 
meiit of pulmonaiy conditions, and have not been analyzed m detail Most of 
them piesented the clinical pictuie of pneumococcal pneumonia, some moie 
closeh resembled ‘‘virus pneumonia”, and a few weie cases of acute infections 
nipeiimposed upon chionic lung disease such as bionehiaeetasis Tliough thei 
cannot piopcih be included m moitalitj statistics foi pneumococcal pneumonia, 
tlicj aie woith picsenting at this time because the patients weie all acutely and 
at least model ateh ill, as patients must be to gain entrance to the waids of the 
Cincinnati General Hospital 

Bacfci cmia — Twenty of the sixtc-four pneumococcal eases had positiie 
blood ciiltuies, an incidence of 312 per cent The distiibution of bacteiemia 
imong the 200 000 and 300 000 senes is piesented in Table III 
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/ itcni of Pncitmouui — Table IV shows Hint though the pneumonia in 
most of the cases wns lestncled to a single lobe portions of two or moie lobes 
"ere iiiiohecl in 32 pel cent The higher incidence of multilobnr piieunionia in 
tile 300 000 than in the 200,000 unit senes wns due to chance 
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dpe of Pneumonia at Onset of hcatment — The eftcct of campaigns to eon 
'1000 tile public of the importance of caih treatment of disease is home out be 
the fact that 64 pei cent of the patients in this senes were admitted on oi before 
the fourth daj of their pneumonia (Table V) This is a high proportion for 
“ citj hospital as compared with the experience ton or fifteen years ago 

Distribution of Oases According to dpe of Patients — Table VI piesents 
the age distribution of the cases be decades The patients Avere approximateh 
erenlj divided betw pen those 40 and under and those over 40 
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Tvble V Distribution of Pneu\iococc\l Cases Accopding to Dupvtion oi Pneumonia 

M'hen Treatment AVas Bfoun 
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Tabli VI DiSTiiBunoN of Pneumococcal Cases Accopding to Agf of Patient 


j 

n 20 

21 so 

SI 40 

41 50 

51 GO 





%^0 1 
AND 

UNDEP ^ 

% OATP 

1 40 

200 000 
«eneb 

o 

S 

6 

4 

0 

1 

2 

0 

IS 

55 0 

44 4 

300,000 

series 

4 

11 

7 

4 

4 

10 

5 

1 

4b 

47 8 

52 2 

Total 

0 

14 

IS 

8 

4 

11 

7 

1 

()4 

51 5 

48 5 


RESULTS OF TREATMENT 

The lesults of tiealmtnt m the siNtu-foiii pneumococcal cases aie summai- 
ized in Table YII Theie ueie foiu deaths, a moitalitj of 6 3 pei cent When 
the baeteiemie cases vcie calculated sepaiately from the nonhacteiemic, we 
found a moitalitA late of 15 pei cent toi the foimer and 2 3 per cent for the 
lattei In the small senes of cases tieated Mith 200,000 units at a time, the 
nioitaliti Mas almost the same as in the 300,000 series 
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The clinical i espouse Mitii both dosage scliedules A\as lapid in most cases 
and diamatic in some Often h\ tA\ehe and usualh be the end of tMcnti-foui 
houi’s aitci the fii'st dose the tempciatuie had diopped piecipitateh and the 
patient eNpeiienced sicit suhjectiAC iinpioAement This Mas moie stiiking m 
the Aouneci tlian in the oldci patients 

Resolution of the pneumonic lesion as shown on loentgeiiogiams Mas not 
noticcalih difleitnt liom that cNpciientcd Mith othei foims of tieatment used 
in iccent Acai-s The lumis of most jiaticnts cleaiecl Mithin about a Meek, 
though 111 soiiu instances jirogicss aaas sIomci RepiesentatiAc films aie piesented 
in Figs 1 and 2 Complications Meie conspieuouslA absent Once tieatment 
had been inaiuruiatcd meningitis endocaiditis aithiitis, oi empiema did not 
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FIs "-Nonbacteremlc Tj-pe 7 pneumococcal pneumonia in a 2 -> jenr old man treated on 
‘“C 00 000 unit schedule 

Complete resolution of pulmonarj lealon In sue ua>s 
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ensue In two instances steiile pleuial eftusions appealed aftei lecoveiy fioin 
the pneumonia, and in iieithei case did the eftusion lecui aftei its lemoval hr 
thoracentesis 

Three of the foiii deatlii, occuried in patients in the eighth decade Tlic 
four fatal cases aie summarized below 

IE G, CGH233031 This 79 veai-old -woman was admitted with the 
history of an acute fehiile lespiratoi’j illness of a week s duiation and chionic 
tough of seteral j ears’ duration The tempeiatiire was 1018° F, pulse 120, 
respirations 48, and blood pressure 180 sjstolie and 90 diastolic She w'as ten 
ill, presenting signs of consolidation ovei the right upper lobe and eiidence of 
patchy pneumonia in all other lobes In addition she suffered fiom decompen- 
sated arteriosclerotic heart disease 

Sputum culture jielded pneumococcus Tjpe 34, blood culture was iiegatne 
Admission ivlute blood count was 8,800 

She was placed on the 300,000 unit penicillin schedule, given ovygen, and 
digitalized She responded with tempoiaiy impiovemeiit, but lost ground and 
died SIX dajs aftei admission Autops}^ levealed etndence of chronic bion- 
chiectasis and pulmonary fibrosis, bilateral lobular pneumonia, pulmonary edema, 
and hypertiophy of the light ventiicle of the heart 

2 T O’B, CGH235314 This 77-3mai-old white man was admitted to the 
hospital on Feb 20, 1948, in a critical state and died eight days latei He had 
been ill for about tliiee w^eelvs, though no specific sjmptoms could date the onset 
of the pneumonia Tempeiatuie 100, pulse 90, respirations 22, blood piessuie 
130 s-^stolic and 60 diastolic He was sever ety dehydiated and greatlj’^ under- 
nourished Cjmnosis w’as moderate There w'eie signs of pneumonia in the 
right upper lobe, evidence of generalized aiteiioscleiosis and auiicular fibrilla- 
tion 

Both sputum and blood cultures jielded Tj'pe 2 pneumococcus The white 
blood count was 6,000, the blood iiica nitrogen 40 milbgiams pei cent 

He was placed on the 300,000 unit schedule, and though blood and sputum 
cultures were iiegatne on the thud hospital dai, he failed to impio\e clinically 
It seemed remarkable that he lived eight dais 

iVn aiitopsi revealed confluent lobular pneumonia involving the light u]) 
per, middle and lowei lobes There was aspirated food in the left lower lobe 
with paitial occlusion of the bronchus There was no meningitis oi endo 
caiditis 

3 L V, CGH236791 This was a case of fulmuiating Tvpe 2 pneumo 
coecal pneimionia m a woman of 34 The patient was admitted to the hospital 
on April 1, 1948, with pneumonia of about three dajs’ duration Tempeiatuie 
102° F pulse 120, icspiiations 28, blood piessuie 106 s-\stolic and 40 diastolic 
Tlicrc were signs of consolidation in the right lower and middle lobes On her 
wav to the ward, she went into shock She was placed on the 300,000 unit 
schedule and gneii 500 ce plasma and 2 000 cc 5 per cent glucose intia 
lenousli but died twehe houi-s latei Permission foi aiitopsi was denied 

Cultures of sputum and blood Molded T\pc 2 pneiimotoccus The white 
cell count was 7,250 The blood men nitiogcii was 12 milligiams per cent 
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A I IJ , < Tins 74 \( ii old \\IiitL nnn w is idmitkd lo the 

liobpitnl on Apiil 2() 1*MS nnd diod si\ hoius 1 itci 'liit tcinpointuic uas 
1014° r i)ulsc 120, usj)intiniis iS uul blood picssiuo 140 s\stolic and 90 
diastolK He picsentcd the si^iis of doeoiiipcnsalccl nitcnoscloiotic bent dis 
cast and pneumonn of the loft lowci lobe He had l)ccn iciitcl> ill foi two 
necks and rceened an unknown amoniit of siilfadin/inc and ponicillin hcfoic 
uhnission lo tlio l>osj)it d 

Hlood niid sputum diltuus xnbUd T\pL H) juicumococciis Tlic nlutc 
hlood count Mas 12 HO 

"^hilc on the \\ ivd he icccucd one mjcctiou ol 200 000 units of ponicdlin 

Permission for nutops\ w is not obtained 

OnK one dcUli oicuucd among the fifteen eases of pncvimocoeeal pneu 
moiua ti*cattd uith 2“) 000 units penicillin c\ci\ tbicc liours llns patient was 
a 94‘\cai old man siiflciiiip fiom Tape 1 pncumococcu& pneumonia who died 
on the eighth dn^ of lieitmtnt The onl\ bacloitimc patient m this scuos ic 
covered TIic moitalita rate uas 14 jici cent 

Thcic were no dcallis among the fift\ foui discs which wcic diagnosed as 
“pneumoum, hut Horn which no pneumococci weie iccoaeied Since seaeial 
senes of cists of ‘‘piicunioma have been icpoitcd ni the lUciatiue m which 
pnonmoroccus t}inn„ was not oaiiicd out we have calculated the overall moi 
talih in om US eases of pneumococcal and noupncumococcal pneumonia treated 
with 200 000 Ol 300,000 units a da\ foi companson with such senes The rate 
was 3 4 pci cent 

DISCUSSION 

The cluneal icsults icported lu this pipci iic of uitcitst from the piactie il 
and thcoictical points of view In this time of shoitagc of nursing and otliei 
hospital pei'soniicl the advantages of admimstcimg penicillin onl> twice the 
fiiNt daj and once a dav thcreaftci arc evident There are also advantages 
m the use of civstalhnc penicillin fi*ce of piocainc, beeswax, and oils of various 
Ivpes whidi though tlic^ have solved us well do pioduee a certain numbei of 
iindosnable side leactions 

Tho moitahtj lates — 15 pci cent lu bnctcicmic 2 3 per cent in nonbac 
tciemic and 6 3 pci cent foi bncteicmic and noubactei(fmic patients arc lower 
than have been cncountcied previously in the Cincinnati Gencial Hospital foi 
similai senas ol cises Tims, m the ycirs 1945 1946 ind 1946 1947 the ftioss 
mortihfj HI pneumococcil pneiimoma -nas, respcctneh, 12 0 per cent and 14 6 
per cent The patients in these senes -neic uiiselecfed Theie ins no exclusion 
liecausc of age, st ito of sobiietj, sexentx of illness oi duiation of pneumonia 

It IS not our intention in this place to discuss the iiiteiesting theoretical 
implications of this penieillm schodnle, foi thej mil he alluded to m a separate 
report dealing xvitli penicillin blood lex els in these patients Suffice it to say 
liert that xerx high hlood lex els xxeic found one hour aftci the initial dose of 
pcnipilhn and measurable levels foi at least si\ hours aftcrxxarcls 
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ensue In tMO instances sterile pleuial effusions appeared after lecoveiy fioin 
the pneumonia, and in neitliei case did the effusion lecui aftei its lemoval b\ 
thoracentesis 

Three of the four deaths oceuired in patients in the eighth decade The 
four fatal cases are summarized below 

IE G , CGH233031 This 79-year old wmman w'as admitted wuth tlic 
history of an acute febrile lespiiatoiy lUness of a week’s duration and chioiiK 
cough of several years’ duiation The temperature w'as 1018° F, pulse 120, 
respirations 48, and blood piessuie 180 sjstolic and 90 diastolic She w’as cen 
ill, piesenting signs of consolidation o\er the right upper lobe and evidence of 
patchy pneumonia in all other lobes In addition she suffeied from decompen 
sated aiteriosclerotic heart disease 

Sputum culture yielded pneumococcus Type 34, blood culture was negative 
Admission w’hite blood count wms 8,800 

She W’as placed on the 300,000 unit peniciUin schedule, given oxygen, and 
digitalized She responded with tempoiaiy improvement, but lost gioiind and 
died SIX days after admission Autopsy levealed evidence of chionic bron- 
chiectasis and puLmonaiy fibrosis, bilateral lobular pneumonia, pulmonary edema, 
and hjTiertiophy of the light ventricle of the heart 

2 T O’B , CGH235314 This 77-year-old w’hite man was adnutted to the 
hospital on Feb 20, 1948, in a critical state and died eight days later He had 
been lU foi about three weeks, though no specific symptoms could date the onset 
of the pneumonia Temper atuie 100, pulse 90, respirations 22, blood pressure 
130 systolic and 60 diastolic He was severely dehydrated and greatly under 
nourished Cyanosis was moderate Theie were signs of pneumonia in the 
right upper lobe, eridence of generalized arteriosclerosis and auricular fibrilla 
tion 

Both sputum and blood cultures yielded Type 2 pneumococcus The white 
blood count was 6 000, the blood urea nitrogen 40 milligrams per cent 

He was placed on the 300,000 unit schedule, and though blood and, sputum 
cultures were negative on the thud hospital daj, he failed to improve clinically 
It seemed remarkable that he lived eight days 

An autopsy revealed confluent lobular pneumonia invohnng the right up 
per, middle, and low’ei lobes There was aspirated food in the left lower lobe 
with partial occlusion of the bronchus There was no meningitis oi endo 
carditis 

3 L Y, CGH236791 This was a case of fulminating Type 2 pneumo 
coccal pneumonia in a woman of 34 The patient w’as admitted to the hospital 
on April 1, 1948, with pneumonia of about three dars’ duiation Tempeiatuie 
102° F pulse 120, lespiiations 28, blood pressure 106 sjstolie and 40 diastolic 
There were signs of consolidation in the right lower and middle lobes On hei 
war to the ward, she went into shock She was placed on the 300,000 unit 
schedule and giren 500 cc plasma and 2,000 cc 5 per cent glucose intra 
renouslr, but died twehe houi-s later Permission for autopsr was denied 

Cultures of sputum and blood rielded Trpe 2 pneumocoeeus The white 
cell count was 7,250 The blood urea nitrogen was 12 milligrams per cent 



NEW PENICILEIN PRODUCTS FOR SUSTAINED EFFECTS 


Leo Loewe, M D , Ai iintr E Sonn , Pii D vnd Frn v Ai TurE-WcnDEr, Pn D 
]J^00II1^, N \ 

T hese studies -were intended to dc\ise penicillin preparations rvliich ivonid 
consistenth sield jirnlonped and enli meed blood serum le\els following a 
single subcutaneous or intianniscnlnr iiiicction The ultimate objective was 
to derclop a clnnealh efTcetnc slowlj and wliolK absoi liable, nontoxic prod 
net winch could also be adapted for oi al use 
Two major approaches weie c\plond 

One approach was to cnmc'-h crrstallinc salts of penicillm in protein, prei 
erabh of nonantigenie t\pc such as blood scrum of the same species or gelatin 
Tlic resulting pcnieillin jirotein coiiipIe\ was then insolnbilized with formal 
delude or with a Iicari metal silt wliieli toinied insoluble dernatnes with both 
pemeillm and piotcni The cations iinploied weie those letiuired bs the body, 
mmeh ferric and cnpric salts 

The other ajiproaeh was to suspend these penicillin preparations or crys 
talhne Na pcnieillin "g” m Tween 20 (pohowalkclene dciisatise of sorbitan 
moiiolaurate) * Tins was prednated on the h\-pothesis that Tween 20 retards 
penicillin cscrction be attaching itself to lipids and lipoproteins at one end 
and to penicillin at the other end which results in formation of a larger mole 
cule The possibilitj of a Caroiianiide like cAect was also considered 


(J) Tcchniouc of rreraralwn of Vormaldehydc Trotted rentcdlm Protein lltxtitres — 

1 1 Ora Nn (or Cu) penicillin nnd OB to 2 5 Gm gelatin, in 15 ml 

11,0, nrc dclijdrntcd wliilc frozen , 

2 Tlio dried misturc is treated with 5 ml of 40 per cent forma dehydo in 

125 ml noctono overnight, nt 0 to 5 Acetono is cmploved becauso in 
It penicillin is stnbic nnd both tho penicillin nnd forranldeliydc treated 
celntm nre insoluble* , , , 

3 The rcnicillin contaimn/^ precipitate is filtered dried m vacuo and fmely 
ground 

(S) Preparation of Cu** or Fc*** rcnictlhn protein Mixtures— , - o ^ 

1 To 06 Gm pcnicillm dissolved in 15 ml pin ma 320 ml of 25 

per cent CuSo, 7 HjO or FcCl, ore added *1 rm rinori 

2 The pcnicilUn containing precipitate is filtered, vvaBhed with HjO dried 
in vacuo, nnd fmtlj ground 

(C) For orientation purposes nil products wore first tested in animals Experiments 
were earned out ns n rule with single dosttges equalling 300,000 0 U pemeillm 
controls assays wore done hy both biologid and colorimetric methods Tho insolubilizecl 
penicillin protein complex first had to bo trvpsin digested in order to release the ponioUlm 
for assay 

(fl) Blood samples were drawn period.cnllj over a span of twenty four to forty eight 
tour, for determmation of penicillin levels In ovnlunting some preparations tho pemeUlm 

Prom the Departments of Me, Heine and Bloehemlato Jewish Hoopital of Bmobh’' 

Aided hi grant of funds from tho Jneoucs Loewc Research Foundation New TorR N 

Received tor publication Aug 21 1048 

•The Tween 20 was supplied hy the Atlas Powdci Company WIImlDgton Del 
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content of the unno nns ilso c'-timited in orilei to cstnlilish the e\tent ind duration of pern 
cillm elimination 

It might lie '•fated tint oui serum pcmeillin assij niethodi cmplojmg Stieptoooccus 
pi/opeuM C203 as test organism jields genei illj ind, it times, ippreciablj lonei valuei 
than the Food and Drug Association nssic method uhich uses the SaciUus suhtths ns test 
organism 1. ■< Therefore, rccordi d dat i nifh the streptococcus C20 j sjsteni, ns n rule, ire 
on the consoivdtnc side 



Flfr 1 — PenIcDlln blood Jciels in rabbits follonlmr slng’Jo subcutaneous dose of formaltlebi de 

treated penicillin gels 

EXP^A!IML^T.\L, OBSERVATIONS 

At the outset the products weie tested m tabbits bv diiect implantation < 
under the skin in open gelatin capsules to obviate any influence of a vehicle 
As may be seen m Pig 1, the injection of civstalline Na pemcillm “g" m saline 
fails to shou measuiable blood seiiim letels aftei nine horns By coiitiast vith 
these contiols piolongecl effects aie noted up to foilj'-fite houis with the peni 
cillin-gel implants aud up to tuentt-four hoius vith the same pioducts sus 
pended in saline and injected subcutaneously 

The formaldeln'cle-ti eated peujcillm gels*' u ei e meehanicallj^ ground to par- 
ticle sizes permitting injection tluough an 18 oi 20 gauge needle Because the 
lesultant flue, insoluble, free-flon mg povdcis tended to settle out m saline, 
thej v ere suspended m ethvlene-glj col and m Tv een 20 While ethylene-glj col 
alloved ease of handling as compared with the gels suspended in saline, the 
measurable penicillin serum i allies nere about the same, enduring foi oiei 
tventi-foui houis Iloveiei, the same gels suspended m Tv een 20 icflected 
not oiih the stabilizing piopeitj but also the additive, piolonging, and eii 
hancmg e8:ects of Tween 20, the composite lesult vas maikeci prolongation of 


•Rtferrea to In Illustrations as CH 0 Gels 
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Hourt ottef ifijecfion 

fls — CoinpimtUo poniclllln Wool lovol In 'nWIt' f 'Wnlnl. f Inolf mibcutan^s dole of 
fomialOchjtlo trcntod prnlctUIn c I >-0 I In millu »th'l n^' ^,l%col and Twcon 0 



Hours after Injedion 


-^onlemin blood le.el, ,rnbb.b,_^f^»„.- -‘"■ 


■Irtccfable penicillin levels fo. a span ot foitv lio.us with idativeh high 
'allies for tliiitj foui liouis (Pv 2) 

These singular effects were probaWv nceoraplishcd m a twofold mannei, 
(1) the insohibilired penicillin piotein complexes weie slowlv degnded m the 
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tissues by enzjTuatic action bannless to penicillin, and (2) the libeiated peni- 
cillin combined "with tlie Tween 20 wbieb then exeited its augmenting action 

Animal experiments were also conducted with copper- and iron-penicillin- 
piotein mixtures (Fig 3) The pemciUm values foi these coppei and iron com- 
plexes were compaied with foimaldehyde-treated gels suspended in Tween 20 
The metal pioducts yielded flatter cun'es suggesting that they dissociated less 
readily This is in keeping with published data^ that metal penicillin products 
geneially do not break down leadilj"^ in vitro and dissociate but slowly in m\q 
P rolonging effects aie nevertheless appaient, levels being present up to twenty- 
six houis vith the coppei and up to thirty hours with the iron pioducts The 
fonnaldehj de-treated gels in Tween 20 still evidence the most conspicuous pro- 
longing and enhancing effects 

Comparison of giaphs showing the average blood levels obtained after 
subcutaneous injections of 300,000 0 tJ of penieilbn in Tween 20 and in saline 
shows that Tween 20 per se has prolonging and enliancing properties, thirty- 
four houi detectable levels as against nine-boui control levels 

In ordei to exploie furthei this phenomenon and elucidate its mechanism, 
animal experiments were done as recorded in Table I Each experiment vas 
carried out with a single dose of 500,000 0 U cij'stallme Na pemeilhn “g ” 


Table I Penicillin Sustaining and/or Enhancing effects of Tween 20 in Kabbits 



It was evident from tliese studies in rabbits that 

1 Tween 20 snbeutaneouslj had of itself no antibiotic effects 

2 Penicillin in saline subcutaneously gave no detectable levels at and after 
sixteen hours 

S Injection of the penieillm mixed in Tween 20 jielded appreciable leiels 
for forty-eight hours 


I ATf'croR/nrC r?IOf 
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4 Tlie prolonging property of Tnccn 20 -was olisoncd eien though it uas 
injected separatclj three hotire before the penicillin and at a different site 
Snbstiiitial penicillin loiels were obtained for tiventi foiii hours 

5 The eoinbination of Tueen 20 and penicillin iiecessarj for prolonging 
and ciihaiicnig effects iiiai occur in the blood ns shouii in the last of tins senes 
of tabulated aiiniinl e.\pciiiiicnts Here two separate subcutaneous injections 
of Tween 20 weie gueii three hours apait sit houl^ after the fust and three 
hours after the second Tucen 20 iiijeclion pcmeillin in saline was gnen intia 
icnoiislj Prolongation «ns stiil nig and pcisistcd foi si\tc seien hours 



PJff ■* —Influence of protein content of formaMchjde trented penicllUn ffcls on sustaining 
blood ]e\ols following single Intramuscular dose In human beings 

The piinciples einliodicd ni these larious prepaiations ha\e been applied 
111 human subjects While our studies in tins diieetion are bj no means com 
Plotc similar prolonged effects nero notcO foJlonwg a single dose injection of 
insoluhilired penicillin gel suspended in saline or Tween 20 and a similar dose 
injection of Na penicillin “g” in Tween 20 

In the ease of the foimaldelnde treated penicillin gel it was not possible 
to translate the results of annual experimentation info clinical use without 
tension of the pieparation For instance, in the matter of the protein content 
It was found that when the proportion of protein to penicillin was maintained 
at 2 t /2 to 1, penieillm could he detected m body fluids, because of retarded 
degradation of the protein penicillin complex for as long as ninety six hours 
after the injection which was as fai as the tests were pursued Undei 
these circumstances detectable blood lex els weie maintained for only twehe 
hours However, when the proportion of piotem to penicillin was i educed to 
% to 1, detectable blood leiels of a lelatnelj high order were maintamed for 
twenty four hours (Fig 4) Apparcntlj the reduction in protein content re 
suited m release of the penicillin at a more lapid and exen tempo 
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T]jd pemeillin snstaming- and/ot ejiliaiieing pioperties of Tween 20 i^eze 
also manifested 121 human subjects dming the followizig series of expeuments 
(Table II) 

J Czzstalhne Na pomciUm “g,” 500,000 0 V i:i salme injected intia 
2Jinsculaih gaze no detectable blood lezels at eight hows oi theieaftez 

2 Ci z stalime Ka penzezlhii “g, 500,000 0 U disizczsed Z 2 i 5 ml of Tzzeen 
20 and injected inti amuse ulaih ziekled sustained and enhanced effects foi 
twentz horns 

3 In this expernnent the patient zvas gizen 5 000 000 0 17 of Na peni- 
cillin dailz bz contimions zmnoclzsis Conti ol blood assajs on this dosage 
schedule zieie 5 0 U per miUihtei of sei 11111 Tzieen 20 zzas giz^en oiallj’", 10 


Tabu ir Pemciimz Slstaimng aisD/ou Emiamikg Ezfects oi Theea 20 in Human 

Beings 


rxprpiMiNT ' 

1 BIOOD LEVELS 

i oxtoniJ uxnrs pep mi of sefum 

1 2 up 

1 4 HP 

( b llK [ S 111 

1 12 nr 

1 lb Hii 

1 20 III 

[ 2b HU 

Control- — Na Penicillin G 


1 0 

0 012 

0 

0 



500,000 011 in saline 








1 m 





t 



Na Peniulbn G 


15 

0 75 

0 35 

DOS 

0 03 

0 

500,000 0 U in 








5 ml Tween 20 i ni 








Ha Peniciltm G 

50 

75 

15 0 

15 0 

35 0 

35 0 

5 0 


a, <00,000 OU m 
szhne 2^- hr continu 
ous 1 V , 50 nil Tneoa 
20 oizlli in dmdpd 
(losei 

CIbOGel 300 000 OH 0 75 015 0 OS 0 OS 0 04 0 04 

onllz , 50 ml Tcctn 
20 onlh in (lizitltd 
(lo’CS 


nil ezeiz foni boms foi tize doses An enhancing effect zvas obseized be 
ginning fom houis aftei and pezs’stiiig- toi tiventx Jiouis aftei the last dose oJ 
Tzzeen 20 when it leachcd a peak lezcl of 35 0 U pei inillihtei of seinm which 
was sezen times the eontiol zalue 

4 In the final expeinnent of this sciics, 100 000 0 U of a piotein peiiicilhii 
complex weie gizen ozallz zn the moizizug on a fasting stomach Ten milliliters 
of Tzzeen 20 zzeie gizen oiallz ez^eiz two horns toi the duiatiou of the experi- 
znent Theiapeutic peiiicilhii Wood zaliies zicre obtained tliioughoiit the entnc 
sixteen hozzzs of tins test 

Pui thei studies weie tamed out with oial adzzzizzzstzation of foiinalclehzAe 
tieuted pcintzllin piodncts Data thus lai indicate that detectable lex els up to 
tzzcntz-foui houis haze been obtained lollozung oial adiiiinistiation of 300,000 
0 U of the protcin-penicillin complex zzith and zzithout the conjoint use of 
Tween 20 As indicated hz in zitio tests, tlie inso'ubih/ed protein-pemcilbn 
complex IS giaduallz digested In tnpsin zzJneh has no destuictne influence on 
the slozzlz liberated penicillin ^ These inzest>gations aie still being pm sued in 


*TIie orut u«o of Twpcn mpMcG nUIfOonal piolonGOtion sfCocf, Tills 1’',°*^’'^" 

tvchlezcA li' ratArclmg the evettUon of \ipn(cUUn In the imfitiet pre\iousI\ suf-gestea 




MW IIMCIIIIS IlomrTs lOK <!IIS1 \I\H) fUFCTS 71 

nil efTort to a coiisistciitt\ ilTectwi jiicrtictntilo lon^ ai tinp metlmm foi 

llie oral adiiiinistiatioii ol pimcilliii 

Tlie i■nttoI^ responsililt foi this pioloii<.iiif, and enbancniT action of 
Twocii 20 m liotli laliliits and luniian suliiects iie still liciiig imtstipitcd i-. 
are otliei facets of tins pioljlcni It is of iiitcicst to note lint com]niablc studies 
with lieparin sliow siiiiilai lesiilts lliisc will lie picsented latei in detail Miidics 
Hills far Jiidicatc 111 it the fwiin cfTeil is not due to nap iiriiicnt of unal fiiiu 
tioa III the iisiial sense Iwnn 20 iiid a 1 iiiditd (oiiipoiind (jioh O';! alki Icne 
dirmtue of luaunitan mmiohniiati 1 were found to he innocuous in lonsiteiiii 
fecdni^ experinients in aniiii ils and no tosic iiniiifi stations weie itpoited fol 
hiwnif, its pareiitcial and oial use in hiiiiiaii hemps No side etfects wcie ob 
sened in hitnian siihjctts altei ingestion of < ipsulcs containing the pioteiii 
penicillin prodiKls or lollowini. Iwnn tal en oialh in diiided dosis totilliiv 
100 niillilitci-s 

sLW \i\r\ 

I’rolonpntioii of seiiiui pciiuillin levels wue obscivid in nhhits and hu 
anil heiiips following snvU siiliuinneoiis oi niti imnseiilai injections of 
foinialdclnde treatid luolcin piiiiiillm pie))aiations Significant sustaining 
and ciihanciiv effects wiie iiolcl folloiiing the adiinnistialion oi the insoltibil 
■zed protein penicillin toiuplt\es oi trvstaliinc Na penicillin ^ ’ stispentled 
til Tween 20 The iiiccliaiiisiii of this piopeitv ol Tween 20 vris investigated 
^lensitiahle penicillin levels vviic ohlaiiicd in hniaaii subjects up to twentv foiii 
hours following ingestion of i single dose ol penicillin oOl, alone or iii comhma 
tion with Tween Fuithci studies aic in piogiess with the ultimate objective 
of developing pi lotical penicillin siistaiiiiiig and enhancing piodiiets for sub 
cutaneous iiitiaimisciilni and oi il use in lniiiian beings 

The nufliors nre indebted lo Mr Sidno% Isolde for terbnicnl nssjstnnee 
I CI-CIIE\CCS 

3 Ro enbintt, P, UtureMcrber E hn hdnn F nnd Loewe, L V Method for the Deter 
minntion of Poniejlbn Le'cl in Bod> Fluids T Bnct 48 509 1044 
Stnab, F M Rngnn E A, nnd BinKlc\ SB A Colorimetric Mcthol for the Deter 
mination of Pcnieillin, lO^th Meeting Aniencnn Chemical SocicU, 1D4G 
Dolknrt K E, Doj F L nml Sdnumltm G 2. Penicillin Vs^a^ Teclmiques A 
Compintno Stud), T Bacf 63 17 l*t47 

Rnndall M A Price C M and Melcli, H The Estimation of Pomcillm in Body 
Fluids 'Science 101 3b >, 194o „t 7 

o Monash 6 Use of Insoluble PcnieilJin Salts for the Prolongation of Penicillin Blood 
Lciel , Science 106 370, 1D47 

0 Carr, C J and Krantz J C Jr Metabolism of Sugar Alcohols and Their Derivatives 
m Pigraan M , nnd Molfram, M L AfUanccs in Carboh)drate Ghonn try, 
^ N ^ « Aca*demic Press 1 175, lS>4o 

' Kramer B Sobcl, A E , and Gottfried, S P Serum Levels of Vitamin A in CmldreD, 
Am J Dis Child 73 543 1947 



THE TUEBIDIMETRIC ASSAY OP HYALURONIDASE 

SiBTLLi; Toucsdorf, Ph D , SIARI4N H McCready, B a , D Roy McCullagh, 
Ph D , AND ERWaN SCHWENK, D Sc 
Bloojifield, N J 

T he vaiious methods suggested for the quantitative deteimuiation in vitro 
of the euzjTiie hyaluiomdase aie dependent on its pioperty of hjdiolyzing 
hjaluionic acid Dm mg hydioljsis, tlie reducmg pioperties of a solution of 
hjaluronie acid are increased, the viscosity is decreased, and as observed b 3 " 
Mej'cr and Paliuei,’- the abihtj^ of hjalmomc aeid to precipitate vsith acidified 
piotem IS decreased These observations served as the basis of the viscosity test, 
the mucin clot test, and the tuibidimetiic assay method for hj’-aluionidase 
activitj' A compieheusive leview of the eiitne pioblem of hyaluronidase and 
hyaluionie acid, including a discussion of the assa}' techniques, has been pie- 
paied recently by Meyei - 

The present investigation deals -with the tiirbidinietiic method of assay 
■which has been developed bj Seastoiie,’ Kass and Seastone,^ Leonard, Perlman, 
and Kurzrok,'’ and Dorfman and Ott® We have studied vaiious factors which 
might influence the sensitivitj'- and aecuiacy of the assai in order to obtain op- 
timal conditions foi hydrolj sis and development of tmbidify On the basis of 
these studies it has been possible to devise a moie satisfactory technique for the 
turbidimetric assaj' of hjmluronidase and to define a unit for the enzjrme 

A METHOD AND MATERIALS 

The prmciplcs of the a'ssav technique used in the lirst part of this study irere essen 
tially those described by Meyer * Enzyme and substrate irere incubated for thirty minutes 
at 37 5° G in an acetate sodium clilonde buffer at pH 6 Turbidities were then developed 
bj diluting the system vnth pH 4 2 acetate buffer and adding acidified protein solution The 
turbidities nere read in a Summerson Klett photoelectric colorimeter which had been 
standardized in terms of light transmission agamst a Beckman spectrophotometer The 
Klett readings, obtained with a blue filter, can be expressed as percentage transmission for 
«aae length OOP mjti by using the following formula % transmission = 01 53 - (0197 “< 
Klett reading ) The results of the assays were expressed m Turbidity Eoducing Units (TRU) 
tentatively defined as the amount of enzyme which mil reduce the turbidity produced bv 
0 2 mg of hialurouic acid to that produced bj 01 mg of hjaluroiuc acid in accordance 
with previous autliors v, * This definition was used dunng the experimental part of tlus paper 
which led to the establishment of a new unit 

Hvaluromc acid was prepared from human umbilical cords by a. modification of the 
method of Kogers ' Both sodium and potassium salts were used m these studies Hjaluroni 
daso was prepared from bovine testes bv ammonium sulfate fractionation. Acidified pro 
terns were prepared from various sources Serum or plasma was diluted witli 0 parts of 
0 5M acetate buffer at pH 4 2 and adjusted to pH 3 1 with 427 HCl 

From the Bloehemistrj department Scliering Corporation 
Reccivea for publication Julj 29 1948 
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B E\7iMnsUBSTnVTE BCVCTION 

1 Influence of Sodium Chlnridc — It lias been noted tlint the apparent enzy 
mntic actnitr of testicular ]i\ ihnonidasc depends gieatl^ on the nature and 
concentration of the clcetrohtes piesciit In a guen buffci sjstem sodium 
chloride of certain concentrations seems to Iiaxe a specific accclciating influence 
on the vclocih of tins eiizMiintic iciietioii « o w ■\Ve therefore studied the 
influence of sodium chloride on the actnitr of In aluronidase A preparation of 
cnzMiic ivas used ulncli gnes an assn of 27 TRU per milligram uhen in 
ciibated rvitli substrate in OlAI aeitatc biiffti pll 6 containing phjsiologic 
saline (OloJI) Using pll fi aLClate buffci «ith laijing amounts of sodium 
chloride, no found that the apparent units pci milligiam of hjaluronidase 
ranged from 5 in the ahseiiee of sodium cliloiule to 13 in the presence of 0 07JI 
sodium cliloridc At Ingliei toneenlratioiis of sodium chloiide the apparent 
cnzaraatic actnita dcLrcased It is dcsiiabte that the assa\ sallies of the tn 
zsTiie should leflect the actnitj of the enzsnie under physiologic conditions 
Since pin siologic salt solution (OloAI) gnes sen satisfaetors assay salues this 
concentration of sodium chloride has been emploscd 

3 Heat Inacluatwii — In older to asoid furtlioi Indiolysis of bsaluronic 
acid after the tliiits niinuto period of incubation ssitli liy aluronidase the re 
action svas stopped b\ ininioising the tubes in a C0° C ssatei bath for ten mm 
iites It was found that tins tempei atiirc ssas sufficient to inactisate hsal 
utonidase solutions 


0 DCIXLOIIIENT OP TUnDlDITt 

1 Slabiliz-iiton of Piotcins by Aging — ^Tlie assni method as originally pub 
bshed called for tlio use of horse seiiim as the protein indicator to measure the 
quantity of liyaluionic acid rcniaiiiiDg aftci enzymatic hydrolysis Our obsei 
rations indicated that the age of the pioteiii solution yvas much more impoitant 
tlian had been lecognized by earlier uoihers' We found that immediately 
after diluting fresh scrum there yias no consequential difference betiveen the 
turbidity caused by a giy en amount of this serum yrith 0 1 mg and 0 2 mg of 
byaluronic acid Therefore assays pcrfoimcd irith fieslih diluted serum yvill 
Uot have the desired degree of accuracy It yvas noted hoyvever, that aftei 
standing in the cold for some time, the same acidified serum yvould give greater 
turbidities yvith by aluronie acid, and that the spread betyveen the blanks also 
increased yvith time The effect of aging oyer a period of three yveeks yvas theie 
fore investigated 

In this study yve used, as the source of protein, freshly collected as yvell as 
commercially ay ailable horse serum, human serum obtained from healthy y olun 
teers and human plasma purchased fiom Cutter Laboi atones In a search 
for a more stable protein, yve included in this inyestigation such purified pro 
tein fractions is crystalline horse scrum albumin prepared by the method of 
Svedberg and Sjogren,’' crystalline egg albumin prepared by the methods of 
Cole’ and Longsyvorth and co yvorhers" and Fraction V of bovme plasma albu 
Dim, prepared by Armour Laboritones accoiding to the method of Colm '• The 
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seia and plasma weie diluted and acidified to pH 3 1 as mentioned Crystalline 
Iiorse seium albumin and egg abiiumin were dissolved in biiffei containing 0 531 
acetate, pH 4 2 and 0 IM mandelic acid as stabilizei^'^ at a coneentiation of 
10 mg per milliliter and then adjusted to pH 3 1 With Fraction V of bovine 
plasma albumin, it was necessary to use a concentration of 20 mg per milli- 
liter in ordei to get satisfactory turbidities The solutions were kept at 5° C 
duimg the period of study 

Numerous assays of hyaluronidase were performed, using as indicators the 
acidified protem solutions (a) made up freshly, (b) aftei standing in the cold for 
one week, (c) after standmg in the cold for three weelcs These experiments 
are lecorded in the left columns of Table I which includes the turbidities ob- 
tained with hjmluronie acid (0 2 mg and 0 1 mg blanlts) incubated in the 
absence of enzjTne, the diffeieuce A between the blanks, and the assay results 
in THU per milligram With locallj'^ collected horse serum, human serum, and 
Lederle horse seium, none of which contained a presei vative, the spread be 
tween the tuibidities of the blanlcs increased piogiessively with age At the 
same time, the appaieut imits pei milligram decreased Similar changes were 
observed to a lesser degree with Parke, Davis horse serum, pooled human plasma 
and crystalline hoise serum albumm It therefore appeared that these proteins 
were already partially stabilized * On the other hand, the changes in the tur- 
bidities of the blanks obtained with bovine plasma solution aged m the cold for 
seven and twenty-one days were most strikmg Aging by this procedure failed 
to give sufficient stabilization of the protein reagent to assure uniform assay 
results 

Crystallme egg albumin proved to be so unstable under the conditions of 
our experiments that its use had to be discontmued 

2 Stabilization of Proteins by Heating — Since aging in the cold did not 
fully stabilize the acidified piotems within a period of three weeks, an effort 
was made to accelerate the aging process by heating The results are included 
in the right columns of Table I Aliquots of the solutions used in the study 
on aging were heated to 100° C on the days indicated m the table and used 
for assays In several instances, the heated solutions were kept at 5° C for 
seven and twenty-one days respectively and then used for assays 

The results mdieate that the heated piotems gave considerably higher tur- 
bidity leadings with hyaluronic acid (0 2 mg and 01 mg blanks) than ob- 
served with the uuheated piotems The differences between the turbidities of 
the blanks were much greater and showed less variation The units per milli- 
gram calculated from these blanks were lower but much more constant (see 
Table I) Protem solutions, once heated, gave the same turbidities and assay 
results with hyaluronic acid after standmg in .the cold for seven and twenty- 
one days respectively It should be mentioned that the bovine plasma albu- 
min solutions had been stabilized by the improved heating technique described 
below which results m a lowering of the assay values 

•Parke Da\is horse serum contained 04 per cent purifled cresol and the human plasma 
contained 5 per cent dextrose and 1 15 000 phenylmercuric benzoate 
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Fig: 1 — Influtnce of lieat-stibilization of acidifted piRMiia on turbidities obtained m Itb 

hyalin onlc acid. 
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o_influence of beat-stabilization of acidified plasma on apparent enzymatic activin of 

hyaluronldase 
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Becniise it is leadih nMiilnblc to most msestiRntors, all subsequent e\peri 
meats hate been earned out uitli Imniaii plasma 

3 Time Paelor ui ffeaf Stabili aiwn — Prom the lesults obtained it ap 
penied tint heated pioteins ueie quite suitable foi dei eloping tuibidities uitli 
hjahironiL acid In older to fuithci reduce the laiiations in the lesults the 
heat stabiliration of pioteiii solutions uas studied in gieatei detail Hiniian 
plasma diluted and acidified to pll T I ns deseiibed nils chosen foi this lines 
tigitioii In the jneMoiis espeiiments the plasma had been bioiiglit to a boil 
directh on an ekctiie hot plate Since this ttchiiique mas not be entireh 
reprodiKible samples of plasnm ueie heatul inidei laiioiis contiollcd condi 
tions and foi dilTeient lengths of tmu. In all cspeiiments 50 ml of diluted 
acidified plasma ucie placed in each of si\ test tubes mensiiiing 25 In 200 mm 
In each instance oin sample of plnsnin nns used uitliniit heating and the other 
samples Here hciled for saiioiis lengths of turn In the fust fne tests (Table 
II) the tubes uith tin plasma ueu heated in a 2 btei heal er containing I litti 
of boiling Hater The othei tests neic pi i foi mod In immeising the tubes eon 
taming plasma in a large stniii hinted natci bath The second pioeedure 
nppeared in gtiiiral to iniisi nioii npid beating At tlie eoniplotion of carious 
peiiods of heating the tubes hi le leiinnid fiom the bath and chilled The pro 
tem sohitions neii then used ns indiiatois in the diteimnintion of lijaluronic 
acid The data obtained fiom eight hentiii^ espeinmnts aic summniized in 
Table II and the nccraged iisulls an illustrated in Figs. 1 and 2 

It can he seen fiom I ig 1 that the iiiihuited plasma pioteiiis gate ceic 
loH fuiliidities Hith hiaUuome acid \flci heating howecei the piotems 
precipitated nioio leadih uitli the substiate and the difterenco in the tuibidities 
ef the two blniil s nicieased Hitli tin length of time of heating Fig 2 lepie 
sents giaphitalh the inogiessicc deei-ease in the units pei milligram undei 
these eoiiditioiis The nppaient eiinniatic nctnitc diopped shai-ph hIicii 
plasma heated to 80 iiid ‘10° C Has used ns a protein iiidicatoi With pro 
longed heating hoHccei, the tniM lecelcd off It mac be concluded that plasma 
heated at 99° C foi thntc minutes ^.nes the most desinble lesults both in 
regaid to the spiead of the turbidities of the blniihs and the accuiacc of the 
assac s 

I Influence of Jli/fhoi/cn Ion Coiitcnliafton on Hint Slubili^atwn of Acidi 
ficil Proteins — llunian plasma was diluted I 10 Hitli pH 12 acetate buffer, 
adjusted to he drogen ion coiiccntiations catling from 2 5 to 4 2 and heated 
ns deseiibed Assais iicie peifoinied using these piofein solutions as indicators 
The final pll of the solutions in hIiicIi tuibidities neie deieloped lias found 
to cari oiilj fiom 4 12 to 4 18 

Human plasma ndiiisted to pll 4 2 pioicd completeh iiiisatisfaetoi-v in 
0111 hands because it coivulated upon heating In tins connection it is inteiest 
ing to note that diluted horse seium could be heated at pH 4 2 Hitliout coagu 
lating Honecei the blanks obtained iiitli hoise seium adjusted to pH 4 2 
"ere too low and too close togethei to gice the greatest possible accuraei 

Ihc experiments earned out with human plasma at pH 2 5, 3 1, and 3 7 aie 
■'honn in Pig 3 Usni,, plasma heated at these In diogeii ion concentrations 
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Fig 3. — Turbidities obtained 1th h^ aluronic acid and human plasma heat-stabllized at dif- 
ferent hjdrogen-lon concentrations 
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Ihe blnnlv values for botli concentrations of Inaluionic acid sboveed a masimum 
tnrbiditv ^\ith plasma heated at pH 31 Also, the spread between the blanl^ 
a as at a ma\inium at tins pll Tins Iijdrogcii ion concentration may, therefore 
be considered most suitable for stabilizing plasma proteins The assay results 
for the In alurouidase fraction used gn\c 33, 34, and 20 TRU per milligram 
with plasma heated at pH 2 5, 3 1, and 3 7 respeetnely 

5 The Itijluenec of P>otctn Cotwenlrabon eyn the Tiirhidity produced hy 
3yaluronic Acid — The turbidity produced in the assay procedure depends not 
onli oil the amount of Inaluroiiie acid but a'so on the amount of protein in the 
system With this in now, lie haie added various concentrations of heat 
stabilized plasma to liyalurouato in a buffer system identical to that used in 
the assai The results are presented graphically m Pig 4 Plasma was used 
at dilutions larying from 1 25 to 1 160 or 40 pci cent to 0 625 per cent con 
ccntrations Curies are plotted of the tuibidities obtained with these protein 
solutions and 01 mg and 0 2 mg of Inaluronic acid In both instances, it 
was found that the turbidity reached a maximum and then decreased upon 
the addition of more plasma Whether the decrease in turbidity in the presence 
of excess plasma is the result of alteration m particle dispersion or increased 
solubility of the precipitate is not 1 nown The maximum turbidity using 0 2 mg 
of hyaluronic acid is produced with plasma diluted 1 5, the maximum turbiduy 
using 0 1 mg of hy aluronic aeid is produced with plasma diluted 1 10 

D simsTR \TB 

1 Preparation of Hyaluronate Piom Uinliltcal Cords — Human cords were 
washed free of blood and collected under 2 per cent aqueous phenol They 
were remoted from Oie phenol solution passed once through a meat grinder and 
twice through an Eppenbacli colloid mill and weighed Two and one half kilo 
grams of ground material wcie extracted three times for twenty four hours 
with 9, 6, and G liters of 1 per cent aqueous phenol respectively The crude 
hyaluronate was precipitated from the extracts in the form of a mnein clot by 
adding acetic acid to a concentration of 0 2 per cent The precipitate was dried 
With alcohol and acetone and extracted with alkaline yvater at pH 8 (KOH or 
NaOH) at a concentration of 0 5 per cent The extract was precipitated with 
Wi volumes of denatured alcohol saturated with acetate, and dried The alka 
line extraction and alcohol precipitation were repeated once more 

In order to remove the proteins still present, the second alcohol precipitate 
was dissolved in watei at pH 8 to a concentration of 0 5 per cent and shal en 
with 5 per cent by volume of a 1 1 mixtuie of chloroform butanol and centri 
fuged This procedure w as repeated with fresh chloroform butanol until no 
more protein was precipitated upon centrifugation For further clarification, 
the solution was shaken with bentonite, centrifuged and precipitated with 2 
volumes of denatured alcohol to which sodium or potassium acetate was added 
m amounts sufficient to induce flocculation The vield was approximately one 
half gram per kilogram of ground cords 
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Table III Analytic Comparison op Subtrates Prepared Prom Umbilical Cords 


FRACTION^ ; 

[ ANALYTIC DVTA | 

REL 

YISCOSITy* 

K 

K 

(%} 

NA 

(%) 

s 

(%) 

MOISTURE 

(%) 

VIT 129 IV 

3 52 

10 0 

— 

Neg 

9 22 

10 98 

VHT 3 IV 

3 12 

88 

- 

Neg 

9 80 

9 85 

&T1 35 IV 

3 44 

111 


Neg 

10 40 

5 44 

STl 50 IV 

2 45 

" 

16 25 

Tnce 

14 70 

9 28 


*0 1 per cent solution In H O relttti\t, MscoslU of water = 100 


,2 P)opeihes of the Snlistiate — Anahtic data foi 'taiious substrate batches 
piepaied fiom umbilical eoids aie given m Table III The prepaiations iveie 
chemicall}' sunilai, the aveiage lutiogen was 3 13 pei cent, the aveiage potassium 
calculated as potassium sulfate ivas 10 1 pei cent The viscosities vaiied fiom 5 4 
to 11 The tuibidities piodneed uith stabilized plasma iveie all of the same 



FiK 5 — Standard curve of four substrate preparations 

magnitude but it has been oui experience that the variations fiom batch to batcli 
of hyaluionate aie such that standard cuiYes must be prepared for each batch 
A standard cunm obtained rvith 0 04 to 0 8 mg of Inaluionate and a constant 
amount of human plasma stabilized at 99° C for tliiitv minutes is demonstrated 
in Fig 5 "VVhen plotted on semilogaiithmic papei, the standard curve is S 
shaped as observed before by Meyer = It gave a straight line for the turbidity 
readings between 250 and 125 which, in terms of light transmission, corresponds 
to a range of 45 to 70 per cent The standard curves foi all preparations were 
essentially parallel over the entire range 
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Different lintctics of lunlmomitt muj m pui tv nnd degice of pohmonza 
tioii and fhcrLfore iiiai piodiite diffcitiit tmbiditics at a gneii concentration 
For assni pmposcs, tlicse Munitions can be eliminated bj using all substrate 
preparations at a staiidaid tuilndits latlici tlnn on a constant nciglit basis as 
origimlK suggested b\ Kass and 8>eistonc‘ 

Tlic iudrohsis of liMiluionnfe pioeceds as a iiiononiolecular tape leaction 


expressed bj the foniuila K =■ 



a 

(a-x) 


Tins lelationsliip is tiiic nithiii 


tliose Iniiits of snbstiatc coiiceiitratioii nbicli gne a stinight line standard cune 
Tbe assax of liMiliiioiiidasc tan be caiiied out on tins portion of the curxc bj 
tlioosing an initial tnibiditx of 50 ± 5 per cent light transmission oi 200 to 2j0 
lurhiditj readings on the Klelt instrument Under the conditions of oiu assaj 
method ns dcseiihcd helon it is theiefoic possible to establish a unit for mens 
inmg aetiMtx of the tiuMiie One unit of hMilmoiiidnsc is defined as the 
amoniit whitli xmII Indiohze one half of a quantita of snbstiatc sufficient to 
cause a tnrhiditv corresponding to 50 - > pei uiit light tiniisiiiission 


I XSsXX xtLTtlOD lOI! lo M tnOMmSE 

1 Picparalton of StocI Solutions — (a) Two buffers nio used both made 
fiom stooh solutions of 0 55f sodiuiii nietatc nnd 0 5 j 5I acetic acid One tenth 
acetate buffer pll 0 0 is made In tombming 3 ml of O 551 acetic acid, 97 ml 
of 0 551 sodium acetate and 4 184 Giii ot sodium chloiide nnd diluting to 500 
'al with water This gnes a conecntntion of 01551 sodium chloride Half 51 
acetate buffer pH 4 2 is made % combining 130 ml of sodium acetate with 
370 ml of 0 551 acetic acid The plf of tbe huffeis should fiequeiitly be 
checKed and uljustcd it ncccss ii \ 

(b) Potassium hjaluion ite is dissolved in the 0 151 acetate sodium chloride 
buffer, pH 6 0 On the basis of the standaid unvo a eonccntration is chosen 
which in the assaj will oi'e a tiansinission of 50 ± 5 pel cent at a wave length of 
600 mp wliieli coriespouds to a tuilnditv lending of 200 to 250 in the Sunimei 
son Klett photoelectiic coloiimetei using a blue tiltei Foi many preparations 
of hjaluronntc, this tuihiditj will he leachcd bj using a concentration of 0 4 
mg per 10 millilitei Otherwise, the concentration of hjalurouate should be 
adjusted to give a tuibiditv leading of about 22o The solution is stored at 
6 C and is wanned to room tempeiaturc before use It can lemain at 5° C 
without changing, over a pciiod of at least two vveehs 

(c) Hyaluroiiidase is dissolved at room temperature, in the pH 6 0 acetate 
iodium chloride buffei The concentration is chosen so that 1 ml contains 
approximatelv 1 units The enzvmc solution is used immodiatelv after being 
made 

In thia formula K = 5eloclt} constant t = time a = initial concentration of substrate 
~ quantity of substrate hjdroljzed during time t. 
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(d) Acidified protein solution is lirepared by diluting buman plasma 1 to 
10 with 0 5M acetate buffer, pH 4 2 and adjusting to pH 3 10 with 4N bydro- 
cbloiic acid This solution is distiibuted in 50 c c portions in test tubes meas- 
uring 25 by 200 milliliters These tubes are placed in a boiling uater bath 
Aftei the plasma reaches temperatuie equilibrium (99° C ), it is kept in the 
bath for thirty minutes, when it is immediately cooled to room temperatuie 
by immersion in ice water The plasma can be kept in the cold for at least 
two weeks 

2 Incubation of Enzyme and Substrate — Seven Klett tubes aie set up 
for each assay as shown in Table IV The solutions aie mixed and the tubes are 


Table IV Setup op Tubes for Hyaluronidasi assay 


KLETT TUBE 

1 SUBSTRATE SOL 

1 PH b BUFFER 1 

ENZYME SOL 

#1 

5 ml 

5 ml 

— 

2 

25 

75 

_ 

3 

5 

_ 

5 ml 

4 

5 

1 

4 

5 

5 

2 

3 

6 

5 

3 

2 

7 

5 

4 

1 


immersed in a constant tempeiatuie watei bath kept at 37 5° C for thirty 
minutes In order to inactivate the enzyme, the tubes are immersed in a 60° C 
water bath for ten minutes They aie cooled to loom tempeiature under run- 
ning water As a rule, not moie than thiee enzyme fractions and the blanks 
are assayed simultaneous!} (seveuteen tubes) If more tests have to be per- 
formed, they aie staggered in older to keep the time relations constant 

3 Development of Tuibiditics — To each Klett tube are added 3 ml of 

0 5M acetate buffer, pH 4 2, followed by 1 ml of acidified human plasma tieated 
as described The contents of each tube are mixed and then allowed to stand 
at room temperature for thirt} minutes The turbidities are read m the Sum- 
merson-Klett photoelectric colorimetei with a blue filter or any other suitable 
mstrument The zero reading of the instmment is set with a tube containing 

1 ml of pH 6 acetate sodium chloiid^ buffei, 3 ml of pH 4 2 acetate buffer 
and 1 ml of acidified, stabilized human plasma solution 

All Klett tubes are numbered permanently and their absoiption which is 
variable is determined with the same mixture which is used to set the zero of 
the instrument For the zero reading, only tubes with zeio absoiption aie used 
The readings of the seventeen tubes m the assay aie collected to zeio absoiption 

4 Method of Calculation — The corrected tuibidity leadings are plotted 
against coneentiation of enzyme This gives a straight-lme cuiwe since the 
Klett instrument has a logarithmic calibiation The enzyme concentration 
coriesponding to the turbidity of the lower blank is read from the graph This 
indicates the amount of enzyme containing 1 turbidity i educing unit 

G THE accuracy OP THE ASSAY 

In order to determine the eiior in this procedure, seventy-one assays weie 
made on thirty-two different days by two different technicians, using the same 
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simple of eni-jme Tile menu n/iic of nil (letcnnmalions ivis 27 TRU pci 
milligrnni Tlio results uerc tieited sfntisticilK niitl the standard deviation 
of a single ohsenation is 1 0 The distiihution of the assaj results is shown 
in Pij G 



Flff C — Distribution of flCNCntj one Q£sa> results 
COVCLUSrONS 

The assaj jnothod of Kass and Scastone* has been used -nith modifications 
hj' Leonard and associates and Wcjci ReceiitJj Doifinin and Ott'' have pub 
Iishcd a critical investigition of vatious phases of the turbidimetno technique 
Having used tlie tuibidinietiic method for several j'Cars in this laboratory, we 
find It impoitant to emphasize the following points in order to clarify some of 
the discrepancies in the results obtained bj different laboratories 

The enzymatic lijdroljsis of hjaUironic acid is gieatlj influenced by the 
nature and concentration of the buffeis emplojed We find that a suitable 
buffer IS 0 IJX sodium acetate pH 6 0, containing 0 15Jf sodium chloride This 
IS close enough to the optimum salt concentiation for lijaluiouidase aetivitj 
and measures the eiizjniatic activitj undei phjsiologie conditions 

Since the accuraej of the method is dependent upon the length of time of 
hydroljsis, it is expedient, in pei forming luge numbers of routine assays to 
inactivate the elizjme aftoi the tliiitj minute incubation period This can 
readily be achieved bv immeising the leaction tubes in a watei bath of 60° C 
for ten minutes 

The turbidimetno method of measuring the amount of hjaluronic acid 
neraainmg after enzjnntie liydioljsis is based on the mteractiou between hyalu 
ronic aeid and acidified protein It has been mentioned by Scastoue' and bj 
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Leonaid and co-workeis" that tlie age of the piotem solution influences the 
development ot tuihidities As we have shown, aging by iigidly standaidized 
heating wiU insuie lepioducible and accniate lesults The piotein is denatured 
duiing the stabilizing process and as a result becomes moie piecipitable This 
lesults m a gieatei turbidity uheii the piotem reacts with hyaluionic acid The 
slopes of the standard curies obtained with inei easing amounts of hraluiouic 
acid and stabilized protein are much steeper tlian those obtained with unlieated 
protem This mci eases the diffeienee in the tuibiditj^ of the two blanks and the 
accuracy of the assay It is also important to age the pioteuis at the proper pH 
in order to obtain maximum turbidities Under the conditions of oiu expeii- 
ments, aging should he done at pH 3 1 

In the present study, all assays have been earned out with hyalin onate 
prepared from umbilical cords Different batches of substrate vary somewhat 
in their chemical and phjsicochemieal properties and gne different turbidities 
unth acidifled piotem Poi assa-s purposes, these variations can he eliminated 
by adjusting all substrate solutions to a standard turbidity 

By utilizing the information collected driimg this study it has heen possi- 
ble to arrive at a method for the assaj"^ of hvaliironidase which is accuiatc, 
reproducible, and pennits the definition of a unit without refer enee to a 
standard 

SUMSIARA 

1 Iiregulaiities m the tuibidimetiic assay of h> aluiomdase have been 
demonstrated and traced to the protem emploj^ed m forming the tiiibiditj 
■with the substrate hyaluronic acid 

2 Various proteins have been investigated and methods deiised foi then 
stabilization by heating under specified conditions 

3 Other factors influencing the accuiacv of the melliod ha-ve been studied 

4 A study of the suhstiate has been made and methods of preparation and 
use have been described which give constant assay results from batch to hatch 

5 An assay method for hyalin onidase using heat-stabilized human plasma 
IS described 

6 A unit for hj aluionidase activity has been defined and discussed 

The authors uish to than'k Anne H Kennison and James W Cassidy for their assist 
ance in this imestigation 
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SICKLE CELL DISEASE STUDIED BY MEASURING THE SURVIVAL 
OF TRANSFUSED RED BLOOD CELLS 

Sheila TEC allender, M D James F Nickel, IM D , and 
C ARL V Moore, j\I D , Department of Internal ]\Iedicine, 

W ASHINGTON UNIVERSITY AND BaRN'ES HoSPITAL, St LoUIS, Mo , 

AND E 0 Powell, Oxford, England 

T he investigations to be described in this repoit weie designed (1) to study 
the pathogenesis of the increased henioljsis in patients with siclde cell 
anemia, (2) to deteimine how sickle ceU anemia and sickle cell tiait erythiocytes 
differ in tenns of survival time follomng transfusion, and (3) to search foi 
evidence that fomis of sielde cell disease intermediate between the anemia and 
the trait might exist Sumval of transfused red blood cells was measured with 
the Ashby technique of differential agglutination^ Obseivations weie made 
(1) on the suivival of normal cells tiansfiised into patients with sickle cell 
anemia, (2) on the suivival of cells transfused from donors with the siclde cell 
trait and fiom donors ■mth sickle cell anemia, (3) on the effect of high tensions 
of inspiied ox 3 'gen on the survival of cells transfused from patients with sickle 
cell anemia, and (4) on the sunnval of sickle cell trait cells transfused into a 
subject with chronic cyanosis The results clearly mdicate that the abnormal 
hemolysis of siclde cell anemia is caused by an mtiaeiythrocytic defect which 
makes the cells less able to stand the trauma of circulation Trait erjdhrocjdes, 
on the other hand, sumve normally 

5IETHODS AND EXPERIMENTAL CONDITIONS 

The modified Ashby technique of Dicic and Molhson^ ivas used for determining the 
nonagglutinable counts Diiferentiation of transfused cells was made by either the ABO 
groups or the MN groups f Counts mere made from i enous blood at frequent intervals fol 
lowing transfusion, usually bj tno independent observers Each observer took the average 
of at least four counts In earlier experiments a crude measure of survival of transfused 
sickled cells in normal subjects vas made by counting the percentage of sickle cells in sealed 
wet preparations of finger blood after forty eight hours Later, to insure full sickling, CO 
was bubbled for twenty mmutes through samples of venous blood kept under paraflin oil, the 
cells were then fixed vitli 10 per cent formalin in 0 85 per cent sodium chloride Moist prep 
arations were made from this blood and the number of abnormal forms found in 100 cells was 
counted The absolute number of sickle cells uas calculated from this figure and the total 
red cell count Bed blood cell pipettes and hemocytometer chambers were standardized bj 
the United States Bureau of Standards Met preparations uere used in Sherman’s testa for 
the percentage of sickled cells in venous blood 

Supported in part bj the Philipp Hunkel Memorial Research Fund 

Presented in part before the Tuentleth Annual Meeting of the Central Society for Clini- 
cal Research Oct 31 and Nov 1 1947 abstracted in J Lab A Clin Med 32 1397 1947 

Recened for publication Aug 1 194S 

•Rockefeller Fellov from the NufBeld Department of Medicine Oxford Engiand 
fWe are indebted to Dr A S Wiener for supplies of anti-M serum and Dr B Wltebsky 
for some of the anti-A and anti-B sera 
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Abnormal and sickle cells, Sherman test 

tnesults from Callender and co workers* • and Brown and co workers and ’<ome unpublJahed data 
tCounta erratic Curvature appreciable but not alcwtftcawt- 

t (the a%erage time of sur\I\al of transfused cells) and r (the end point of tho ciir\e) nic In di>s from trnn fu ion 
Other symbols see text 
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Mornnl cells for transfusion nere obtained from the Blood Bank of the Barnes Hospital 
Bhite donors nere selected to insure absence of sicUmg The blood ivas less than five dajs’ 
old nlien used Donors nath sickle cell anemia or the sickle cell trait ncre bled by one of us 
as needed for the experiments, and the cells nere transfused vnthm tnenty four hours Acid 
citrate dextrose (A CD) solution i\ is used is the preservative and anticoagulant, super 
natant plasma nas removed immediatel} before transfusion 

All of the patients nath sickle cell anemia shoved the characteristic cbnical manifes 
tations of the disease, an anemia, reticuloe>tosis, elevated icteric index, moie than 30 per cent 
abnormal or sickled cells vath Shermin’s test, and all have required repeated transfusions 
for support 


SURVIVAL OF NORMAL CELLS TRANSFUSED TO A PATIENT 
WITH SICKLE CELL ANEMIA 

PEClPIENT TJ,9,COL AGE 25 GCOUP B, OH NEC 
H6 6 3 GM , OBC 2,200, OOO/mm^ . 

OETICS 22/ 

SHEOMAN TEST 398/ ABNORMAL AND SICKLE CELLS 



DAYS AFTEO TRANSFUSION 
Fig 1 

“Normal” recipient subjects vere patients in the hospital who vere either hematologic 
allj normal, in vliich case an equiialent amount of blood vas removed immediatelj prior to 
the transfusion, or thei vere vomen vith a moderate hypochromic or normocitic anemia vho 
had recenth had a hvsterectomy for menorrhagia Tliei vere all negative for the sickling 
trait 

In the experiments invohang continuous inhalation of oxjgen, 70 to SO per cent oxigen 
was given by an O E kl mask An oronasal mask was used except at mealtimes when a nasal 
mask was substituted The flow was kept at 7 to 8 liters per minute and a humidifier was 
used A nurse was in constant attendance at the bedside to keep the mask properlj adjusted 

RESULTS 

I The Sui vival of Nonnal Cells Tiansfused Into Patients With SicUe Cell 
Anemia — ^Noiinal led blood cells weie tiansfnsed into thiee difFeient patients 
xtnth sickle cell anemia The lesults (Fig 1, Table I) aie m agreement tvitb 
those of Altmann^ in that the smxival times of the tiansfnsed cells ttere nonnal 
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SUamAL or CCLLS TQANSFUSED FftOM A PATIENT 
WITH SICKLE CELL ANEMIA 


6 




OCCjPiCNT t w 9 cot AOCP 37 HYPDCHaOMlC AUCHIA 
CJJOUP A OH+ HQ 65 CM 

QOC 3l70 000/mm*t QCTICS 7y 

NCGATIVC roa SfCKLtHG TQAIT 

DONOQ HO <J COS. AOCD 23 SICKLE CELL ANEMIA 

OPOUO 0 OH*’ HO 9 64 CH I 

fiOC 3StOOOO/mm3v OCTICS t» SV 

ShCOMAN TEST A4X ABNOQMAL ANO SICKLC CELLS 


20 AO €0 

DAYS rflOM TaANSfUSlON 


eUfiVIVAL Of CELLS TfiANSfUSCO fCOM A MNOa 
WITH SiCKLC CELL ANEMIA 

BCCiOLNr HO 9 CM. ACC S5 HrAOCncOniC anckia 
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The Survival of Red Cells 2'iansfused From Paiicnfs With StcUc Cell 
■Anemia — ^Verj diffei-ent results were obtained when the positions of donor and 
^cipient were re\ei'scd (Pifrs 2 and 3) Poui normal subjects recened blood 
from patients with sickle cell anemia In each instance there was a rapid 
destniction of the inajoritj of the ti'imtused cells The giaphs of sumTai, 
«owe\er, diffcicd fiom those found in conditions where there is indiscnmimte 
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destruction of red cells, e g in patients ivith acquired hemolytic anemia trans- 
fused Avith normal cells’^ Theie was a rapid initial fall but the speed of lie- 
molysis was not maintained and a small proportion of the sielde cells, varying 
from case to case, tended to survive for a longer period 



i 


Fig 4 — TTn«?tained ^vet preparation of blood of normal recipient (A Tu ) '•bowing sickle cells 
transfused from a patient with sickle cell anemia (B W ) about two weeks pieviously 

Suivival of the sickle cells was also studied by counts made on sealed moist 
preparations of fingei blood This method did not insure sickling of all potential 
siclde cells and, therefoie, did not give a tiue measure of survival of the trans- 
fused cells Bidding could, however, be demonstiated for about tliiee iveeks 
from tiansfusion (Pig 4) " 

One patient (G P ), wuth sickle cell anemia, received blood from another 
girl (L B ) with sickle cell anemia The disappearance of the transfused sickle 
cells wms compaiable to that found in the normal recipient subjects, agam there 
was a suggestion of some selective destruction (Fig 5) 

III The Swvival of Red Cells Transfused From Donors With the Sickle 
Cell Trait — ^When five healthy, Negio subjects hawng the siclde cell trait were 
used as donors, the results were in striking contiast to those obtained with blood 
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OF SICKLt CELLS TRANSFUSED TO A PATIENT 
WITH SICKLE CELL ANEMIA 
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CD 9 COL AGE 25 SICKLE CELL ANEMIA 
GftOUD AB CH+ HG 5<5GM 

QDC 1 540 OOO/mm^ RE7IC5 10 6% 

SHERMAM Usr 46% ABNORMAL AND SICKLE CELLS 

ID 9 COL ACE 26, SICKLE CELL ANEMIA, 
GQOUO A rjH* HG 9 3 0M, 

QBC 2 700 OOO/mm’ CETICS 2t 6 

SrtECMAN TEST 47 1^ ABNORMAL AND SICKLE CELLS 
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tiansfused fiom patients with sickle cell anemia (Table I) Pour of five normal 
recipients showed normal suivival of the tiansfused trait cells Fig 6 illustrates 
this lesult and shows also the close coi relation between the nonagglutinable 
counts obtained by the Ashby technique and the number of surviving cells 
calculated fiom sickle cell counts made on venous blood samples treated with 
CO, The cells from the fifth donoi (AH) showed a slightly shortei survival 
time The recipient in this instance did not report legnlarly for obseiwations 
and the data are not entiielv satisfactorj’- 

One of the donors (F 0 ) with siclde cell tiait gave blood on a second 
occasion for transfusion to the giil (H Si ) with siclde cell anemia, previously 
tiansfused with noimal cells Tlie two giaphs of suiviiml in this gnl were 
strikingly similar 

IV The Effect of High Tensions of Inspued Oxygen on the Suivival of 
Cells Tiansfused Fiom Subjects With Siclde Cell Anemia — The patient G P 
(vide supra) with sickle cell anemia was given a second tiansfnsion with cells 
from another donor rvith sickle cell anemia (B W ) This time inhalation of 
ON 3 ^gen was started about two houi-s befoie tiansfnsion and continued foi ten 
days Eighty pei cent oxygen was used initially hut this was reduced to 70 per 
cent on the second daj' The results are shomi m Pig 7 Although destruction 
of transfused cells was ahnoimalh rapid during the first ten days, it was slowei 
than on the occasion of the pieyious transfusion When oxygen was discon- 
tinued an acceleration in the cell destruetion was indicated bv an increase in 
the slope of the giapli The initial slope was about 0 029 dar"\ after uitli- 
diawal of oxygen, 0 112 The difference is considerable, and the second figuie 
compares well unth the initial slope in another recipient (A Tu ) lecening 
blood from the same donoi (0 116) ^ Sickle counts made on r enous blood 
samples at inteivals by Sherman’s technique® showed a leductioii in percent- 
age of total abnormal plus siclde cells fiom 36 8 to 10 S during oxygen inlialation 
and a corresponding reduction of true sickle cells fiom 22 to 0 8 pei cent As 
obseryed previously by Reinliaid and co-woikei's,® the percentage of abnormal 
and siclde cells showed a use aftei oxrgen inhalation was stopped, in this in- 
stance, the abnormal cells incieased to 50 8 per cent and completelj^ sielded cells 
to 39 0 per cent before returning to base line figures 

Tuo similar expeiiments were planned using noimal recipient subjects 
The first of tliese (M L ) tolerated oxygen somewhat irregularly for only turn 
dajs During this time the nonagglutinable coruit had shorvn little change, 
whereas subsequently there was a rapid disappearance of tiansfused cells This 
cannot, however, be taken as a reliable experiment Tlie second normal lecipient 
subject in this group (Z R ) cooperated well She inhaled 80 per cent oxygen 
for twenty-four hours after transfusion and then 70 pei cent for an additional 


•Sometimes the inagfflutln'ible counts are much more ei ratio than the^ are hoi e tlie 
configuration of the data might possiblj have arisen from an unfortunate conjunction of 
error The following argument ma> therefore be made It to the date are fitted 
of the sui-il\af functions^ that ha\e been proposed under the hipothesis that the oxygen 
Ual bed no eSict it irfound on app'jing Jeffre%s K tesu> » that e\en for the 4-paiame*ei 
eoimflnns K is less than 0 1 Thus It Is highly improbable that the ditergence of the data 
from the fitted cu^ is due to random and not ststematfc error Further ft 
nntpdmat the chance of the observed change in slope occurring just nhere it does 
rtneen sfj ten^and th?™ nnd not elsenhere is of the order of 0 1 if it is merelv 

accidental 
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BW J Col age 25 SfCKLC cell ANEMJA 
CPOUP ORK-f 

Hb 9 9 CM fiBC 2 700 ooo/mm^ iterics I7'2 / 

Hb 10 9 CM ffSC 5 080 OOd/mm^^PETiCS i2 

(p ^ 6P) 

SWCfiMAN TEST 3r5y ABNORMAL 4 SICKLC CEU.S 

ATu, <7 COL AGE 19 NORMAL 
GROUP BRh-t- 

Hb J5 4 GM RBC 4 460 000/mm^ RETICS <1/ 

NEGATIVE roc SiCKLINO TEST 

CONTROL NO OXYGEN GIVEN (teunUthof/nbyCTcsscs) 

GP S COL AOt 26 SICKLE CELL ANEMIA 
CROUP AB RK-^ 

Hb 6 5eM RBC IOIOOOO/inm3 flETlCS2ar/ 
SHERMAN TEST 37/ ABNOCMAL 4 SICKLE CELLS 
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eight d^^s TJieic no significnnl cJmngc in slope of the deci\ cunc on 
'nthdmiuja 0X3 gcu But this docs not ncccssaiily mean tint the oxygen had 
no effect The slope of tlic first section nas considerably less than might ha\e 
Ijeon expected from a prcMOus expeument 3\ith the same donor (0 043 da3'~* 
' 1 '! ngunst 0 058) 

V The SurviLdl of Sidle Tiatf Ccllstn aSubjcct With Chronic Cyanosis — 
attempt to accelerate the disappearance of cells transfused from a donor 

nith the sickle cell trait was made by gmng a icplacement tiansfusion to a boy 
^nth congenital heart disease (Eisenincngci 's complex) and extreme c3anosis 
(Table I) The artciial ox\gen satuiation was 80 5 pei cent as compared wth 
a normal control of 95 5 pei cent * The siini\al time of the transfused cells 
did not diffei irom that found in normal iccipicnt subjects 

VI il/nt7ic«inticaZ Analysis of Results — Transfusions of noimal and sickle 
trait blood into subjects 3nth sickle cell anemia and of sickle trait blood into 
normal siibjcets have in each case led to a decay cunc of a linear or gently and 
^niformh cuned character having, 3nth one doubtful exception, a rather well 
defined end point near 120 days Cmves of this type are such as ha\e been 
fi^sociated 3nth transfusions of normal blood into normal subjects, and to make 
comparison quantitatne, an equation of one of t3\o forms has been fitted to 

The authors are Indebted to Dr John C Tlnslej Jr for these determinations 
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each set of data For sensibly linear survival (i e , curvature not significant in 
comparison with the errors of the data), the equation 

N = No (1 - Lot) I 

was used, otherwise, 

N = No (1 - Lot) (1 - Lot) 

Heie 

t = time (days) from transfusion 
N == donor cell count (millions/mm ®) at time t 
No = donor cell count at t == 0 

Lo = late of loss of tiansfused cells by the normal ageing 
process (propoition of No lost pei day) 

Le = a measuie of the late of loss of transfused cells by 
"extrinsic” processes of destniction 

The genesis of these equations is given by Callender, Powell, and Witts® the 
second is an approximation to a more complex foiin, valid when the cmvatuie 
IS not great Equation II becomes I when Le is zero 

In Table I are set foith the values of the parametei’s Lj and Le so obtained, 
and fiom each pair are derived thiee other quantities descriptive of the coi- 
respondmg survival curve, viz 

The aveiage tmie of survival of the transfused cells, 
t 

i — l/2Le - L„/6L? 

The end point of the curve, to (days) 

To = l/Lj 

The proportion of tiansfused cells lost to "extrinsic” processes 
of destruction, Pe 

Pc — Le# 

Donor A H was exceptional in that the rate of destruction of hei cells was 
more rapid than usual, while still lemaining lineai This has been found previ- 
ously only in pathologic conditions of the recipient (Blown and co-workersDi 
but as already mentioned, the data in this experiment were not entirely satis- 
factory The other cases are vithin the range expected for normal subjects 

The law of survival of siclde cell anemia cells is widely different from the 
normal In the foui cases we have investigated, the curves obtained were very 
unifoim in chaiacter, consisting of (1) a sharp fall in the number of donor 
cells present for the first few days, followed by a transition to (2) a much 
slower and nearly linear fall to zero The average life of the transfused cells, 
t, was short and the maximum time of survival, to, was also reduced Both 
quantities diffeied considerably from case to case In Table II the values of 
# and To have been calculated from the equation (VI) developed below and fitted 
to the data, it should be noted that # is not greatlj’^ dependent on the form of 
equation adopted — a good approximation can be obtained directly from the data 
The values of the tq are rather less ceitain, but if some of the transfused cells 
did in fact survive e g for the normal time, their number was too small to 
measure 
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The evidence suggests that the red cells’ enviromnent is nomal in sickle 
cell anemia, and so the transfused cells should behave as they would have done 
if they had leniained in the donoi’s ciieulation This is further supported by 
an experiment in which both donoi and recipient were suffering from the anemia 
(L B to G P , Table II ) The relation given by Callender and associates® 
between the survival of transfused cells and the life span as measured from 
“birth” may, theiefore, be applied If the chance that a cell will live for a time 
equal to ox gi eater than t is ¥>(t), then 

f { I } 

wheie = N/No so that i/'(0) = 1, Ni is the donoi’s led cell count, n is the 
rate of production of his cells per luut volume of blood, and Ni/w is their true 
average Life This involves, inte7 aha, the dangerous assumption that n is rea- 
sonabty constant for some time befoie the blood is diawm, but one cannot proceed 




Fie 8 — (o) An idealised form of the sunival curve of transfused sickle cells (6) and 
(c) Possible forms of p(t) the chance that a cell will li\e for a time t from its release Into 
the blood stream 


Without It, and it has some support fiom the great similaiity of all the survival 
curves m this group, if n has been widely vaiiable, the similaiity would have 
been a most mipiobable occurience Equation III asserts that, apart fiom a 
constant factor, <p{t) is the derived curve of fit) So if ip(t) is of the form 
shown in Fig 8,a (which is an idealised and sharpened veiSion of the sickle cell 
survival curve) then is as shown in Pig 8,b Actually, however, because of 
its high slope and because the first few counts are usually erratic, the first sec- 
tion of the euiwe is so poorly determined that ^(t) might equally be of the form' 
of Fig S,c We shall in fact assume that the latter foi-m holds, it may be written 
as the sum of a constant and a vaiiable term The lattei we take for con\enience 
to be exponential, and write 

<p(t) = F + (1 — F) exp(— L ct), t < To ) j-y 

= 0 , T > To / 

wheie exp(-LoT) is to be understood as a gross approximation to some function, 
initially 1, which falls to a small value m a time of the order of lA'e v(t) then 
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contfiins tliree parameters, r, L, and r„, and so N wliieli is an integral of 
f{^), contains four, a hjpeibolic yp like Fig S,a Mould require five in N 

It IS important to distinguish the situation hero lopresented bj equation 
IV from the one in mIiicIi the cells are all equallj subject to a nonselective 
nndoni dcstnictive process ns well as a pioctss of certain dcstniotion if thej 
reach the age to For then 

f(t) = C\p(-Ij,t) t < Ta "I 

■=0, T > To J 

nndhence^Kt) =N/N.= g^P(TV) , - _ e\P(-Ii . O y 

^ ® 1 - e\p(-L^TQ) 

(This IS the c\nct fonn of equation II ) 

d4> ^ _ U cvp(-Lc/) 

V 1 ^ j _ O'Cp(-IjcTfl) 

Noiv if La IS large, ^'(0) is Higc and e\p(-L to) is \ei 3 small as the\ aie in 
transfusioas from patients ^Mth sickle cell anemia but the ^(f) of equation V 
approaches 0 closclj long before t -= xa and *p'{ra) is also verj small There 
fore tile uniform slope of the hst portion of tlic sickle cell anemia surv^ml cune 
cannot bo accounted for b^ the operation of a highlj acti\c, constant, nonselec 
tiro hcmoljsis 

^V’e return then to equation IV It admits of tvo simple intei’pi stations 

(a) All the red cells ha\o a potential lifespan ra This is less than the 
normal value and differs fiom case to case But in addition thej have some in 
herent deficiency A\hich is giadinlly corrected as then age increases, many are 
as a consequence dcstioy cd at an early age, but some sum\ o to attain the age to 
^ IS the fraction lUncli do so survne and L, is a measure of the rate of destruc 
tion of those Mhieh do not 

(b) The red cells IcaMiig the mairon of tlic donor are of \ariable quality 
A fraction F li\c for the same time and aftei transfusion give rise to the 
linear tail of the sur\ i\ al curve , 1 — arc more labile and are more or less 
rapidlj destroyed in a time uhose average %o]ue is of the order of l/Lp 

Tile second of these interpretations is the more likely, especially as the red 
cell cannot be legaided as a living oiganism The existence of a small compo 
nent of random cell dcstiaietion, normal in vomen, has here been neglected the 
fiata are in any case insufficient to allow of its separate estimation 

In order to obtain an equation suitable for fitting to the survival data of 
sickle cell anemia cells, ve integrate IV and find 

N = « + + 7 evp(-Lef) _ „ _ _ _ VI 

^here approximately 

F 

“ “ F + (1 - F)/L,t„ 

P F + (1 - F)/L.t„ 

(1 - F)/L,t„ 

V “ F + (1 - F)/L,t. 

a + y *= No 
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(In these expressions terms containing the factor exp(-LcTo) have been sup 
pressed since in our application L^to is never less than 5 and exp (-5) = 0 007 
onlv) The lesults of the fitting are gwen in Table II The goodness of fit is 
satisfactoi}'-, and fioin the values of a, /?, y and have been calculated the same 
three quantities as before 

The aveiage time of suiwival of the tiansfused cells, t 

v/Lf - tt-/2/3 

a + y 

The end point of the curve, tq 

To = - a/^ 

The propoition of transfused cells of abnormally short life, 
those we have lepresented as destroyed by an exponential 
hemolytic piocess, Fe 

Fc = y/(a + y) 

Fo IS also the pioportion of cells of the shoit-lived type in the 
donor’s circulation, 1 - Fc the piopoition suiviving to age Tn 
In this shoit senes no well-defined con elation of suivival time mth the blood 
picture of the donoi’S is evident 

Tlieie IS however an inteiestmg legulanty in the values of Fc, they lange 
onlv fiom 0 65 to 0 70, and so to the present degree of accuiacv Fc can be re 
gaided as constant With so few examples to diaw fiom it would be unsafe to 
read any physiologic significance into this, lathei it suggests that onh two and 
not three vaiiable parameteis aie necessaiw m the expiession of y, thiee and 
not four in N Equations IV and VI are thus peihaps unnecessaiily complex, 
but we have so fai no real guidance as to how they should be modified 

DISCUSSION 

These lesults indicate cleailv that the iiici eased hemolysis in sickle cell 
anemia is a function of the abnoimal eiytluocyte itself, theie is no eiideiice that 
hormonal oi erAqhiophagic factois are diiectlj lesponsible Similai conclusions 
have been leached by Singei, King, Robin, and Jeffereon in independently con- 
ducted studies^® It seems lilcely that the abnoimal shape of the sickled cell 
makes it less able to toleiate the tiauma of circulation Compatible with this 
explanation is the in vitro demonstration by Diggs and Bibb’^ that cells fiom 
patients with sickle cell anemia, when shaken in an atmospheie of eaibon dioxide, 
hemolyse inoie leadily than do noimal cells so treated Shen, Castle, and 
Fleming'- obtained similai lesults with blood from one patient with sickle cell 
disease It is not entirely cleai whethei this patient had the tiait onh oi the 
active disease, piesumably the fomiei as the hematociit was 44 pei cent 

One of us (J N ),'® m an extensice study of the susceptibility of red cells 
to mechanical tiauma, has lepeatedly confiimed this finding of deei eased le 
sistance of sickled cells, and has shown, furtheimoie, that such cells are noinially 
resistant when fully oxygenated and in the form of biconcave discs 

One would expect, theiefore, that if intiavasculai sickling could lie leduced, 
the rate at which cells fiom patients with sickle cell anemia aie destioved vould 
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bo decrcnsed The eirlicr obscnatioiis of Hcmlmrd nnd coi\oikci's“ shomnp; 
mth the Slicrmnn technique that intiainseulnr sicUinp: is decreased irhen pa 
ticnts breathe 70 to SO pei cent ombcii ncic a^ain confirmed in tlic e\p< nmonts 
described hcixm It is not sui-piism<„ tlicieforc, that cnihiocates transfused 
from a patient with sickle cell anemin seemed to siiniie !on"ci in one ot tin 
subjects who bicnthed high concentrations of owgcii We aic unable to com 
late tins obsciiation with the fact that lutiaaaseular hcniohsis as measuied b\ 
total uiohilinogcn csciction did not seem to lie dccicascd in patients ivitii snkk 
coll uiicniin diiiiii^ pciiods ol oxapen iiilialatloii " The iiiobiliiiogen methods 
iiiai not liaic licui seiisitiic enough to detect the rolatiicK slight deneasc in 
rate of destruction 

Pieiioiis worl ei-s liaac biigpistcd that case of sickling is a fiiiutioii ot tli< 
ago ot the cells because thci obsened that nucleattd red cells and icticiilodtcs 
appear to sickle less icadiU than do othci cnthiocitcs'’ ’* ' Howeici it 
sickling IS niaiiih a function of age the life expcctanci of all cells in sickle cell 
anemua should he icdiited Instead the „i tphs of siiiiual of the transfused 
sickle cell anemia eii (luxicilcs show that there is a tendeiui toi a piaiportion ot 
the cells to suiiuc almost noianalK 

Case 3 of Singer and assoei itcs'" in which blood tioiii two donors with sickle 
cell anemia was gi\cn to one subject with sicUo cell trait shows a similai tape 
of graph Tins was intcrpiotcd as being due to admistuie ot blood fiom a scieie 
and a imldei foian of the anemia Oiu data suggest an altciaiafivt interpreta 
tion namcli that while most of the cells arc eonstitutionalh moiq susoeptible to 
sickling and remain so until tlici aic prcmatuich destioicd otheiis are born 
more resistant and remain so tliioughout then c\istcneo Accoiding to this 
hl-pothosis sickle cell trait might he itgaided as the extieme example of a state 
m which all the cells ate constitutiouallx more resistant to sicl ling 

There arc other reasons for thinking that the diffeicncc hotween sickle cell 
anemia and the tiait is qualitatnc (1) In patients with the trait theio are 
fewer circulating sicklcd foinis’ eicn though most of the cells must be oMci than 
m sickle cell anemia (2) Transfused trait cells siiiiiie noinialh in spite ot 
their aierage gioatci age and then ahiliti to sickle (3) inicn tiait cells aie 
complcteh sicklod bi exposure to CO and then subjected to meelnnical trauma 
tiler are much less leadih destroied than aic anemic cells under similar cneum 
stances It is difficult to interpret tin, experiment in which no accelerated de 
struetion of trait cells occiiried when thei were transfused into a loungboy inth 
chronic eianosis from congenital heart disease That lesult mai be anothei 
indication of the lesistance of tiait cells to sickling and to abnoimal hemohsis 
On tile othei hand the oxigen tension mai liaic to be lowered to IS mm mer 
cun * befoi e sicMing occurs and it maa w ell be that such low tensions i^ere nei er 
reached in this boj ’s circulation in spite ot Ins eianosis 

If the difference between the two tj’pes of sickle cell disease is caused bi a 
qualitative difference in the eijtlirocjte structure, it is easier to understand win 
no entirely satisfactorj , clcai cut examples of forms iiitoimediate between the two 
bale been described In these studies a search was made for cndence that theie 
™ight be a continuous spectrum in the beliaaaoui of cells transfused from sub 
jects mth sickle cell disease langing from the seveie anemia through mildei 
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forms to tile trait With the one exception provided by an unsatisfactory experi- 
ment (subject A H, Table I), howevei, there was a shaip distinction between 
the survival giaphs of cells transfused from patients with the anemia and those 
with the trait 


SUMMiUlV AND CONCLUSIONS 

The Ashby technique of diffeiential agglutination has been used to study 
the survival of tiansfused cells in relation to sickle cell disease 

Noimal red blood cells tiansfused to three patients with sickle cell anemia 
showed a noimal survival time 

Red cells from patients ivith siclde cell anemia tiansfused to nonnal re- 
cipient subjects and others ivith sickle cell anemia showed a shortened average 
time of suivival 

Red cells from healthy donors with the sickle ceU trait transfused to noimal 
lecipient subjects and a patient with sickle cell anemia showed a normal sur- 
vival time 

Oxygen inhalation reduced the rate of destruction of transfused sickle ceU 
anemia cells m one patient with siclde cell anemia Such an effect wms not seen 
in one nomal leeipient The suiwival time of sickle tiait cells given to a boy 
■with chionic cyanosis was normal 

The findings indicate that the defect in sickle ceU anemia is inherent m the 
led blood eeU There is e'widence to suggest that sickling is not, as has been 
thought, a function of age of the cell but that the cells in sickle cell anemia vary 
eonstitutionaUy in their liabilitj’- to sickle It is suggested that the difference 
between the anemia and the trait is qualitative and not simply one of degree. 
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USE or Tm3IOL TURBIDITY AS LIPID ABSORPTION TEST 


E\rERiF\cES AVitii Tiumol Turbidit\ vnd Zinc Sulfvte Turbidity Tests 
Undep Pinsioiomc v\d Pvtiioiogic Conditions 

II VNS Popper, AI D , Pii D rnnoERiCK Steigsi vnv, JI S M D , 

IlATnc D\nif\\ic7 Pn C , and Alvin Dubin, M S 
CnicvGo, III 

T IIYjMOIj turbidiU* results fiom nn mtcrpla\ of sevcnl factoi-s These aie 
(a) reduction of scrum albumin, “ (b) incicasc of either the gamma^ ^ 
or beta* globulin fraction oi more piobabh of lipid piotcm complc\es electro 
plioreticalh migrating vith the lattei*- and/or (c) incicasc of lipids, especially 
phospholipids^ An incidental obscuatioii that the thjTuol tiubiditj increases 
significantly in noiinal dogs aftei meals suggested that the influence of ingested 
hpids or substances piomotuig lipid nbsoiption upon thyanol turbidity be m 
lestigatcd in normal subjects and in patients with \aiions diseases For com 
panson, the effect of lipid intal c upon the blood total hpids, phospholipids and 
21DG sulfate tuibidity was studied The latter was rcccnth dcsciibedby KunkeP 
as an indov of seium gamma globulin concentration 

This study was planned to supply information as to whether the thymol 
turhiditiy could be adopted as a test for lipid absorption It also provided 
additional obsci\ations as to the differential diagnostic \alnc of thymol and 
zme sulfate turbidity in Incr disease 


\TERUI AND METHOD 


Blood specimens were obtained from 471 patients Somo of thorn suffered from hver 
di eases as confirmed by a senes of liver function tests and/or liver biopsies Others bad 
various other internal diseases A third group was admitted to tho hospital for conditions 
not internal in nature, for example fractures, simple hemm Bmall lacerations (control pa 
ticnta) On all specimens, tlio thymol turbiditv was determined according to Maclagami 
It was oiqircs ed in units denved from a curve calibrated with barium sulfate ^ In 114 cases, 
determination was made of the turbidity which developed after dilution of the serum with a 
buffered 2 4 mg per cent zinc sulfate solution and m sixty cases after dilution with either the 
phenolbarbital buffer or distilled >\atcr alone In five patients, determination was also made of 
the total serum hpids according to Boyd® and of tho phospholipids as phosphates according 
to Fisbo and Subballow® after extraction according to Bloor lo Tho determination of tho 
thymol turbidity was repeated in 1G5 cases, three and six hours following the ingestion of 
vanous hpids and/or 0 Gm of choline hydrochloride in elLxir form * In some patients the test 
was performed after the mtaho of different types of hpids The turbidity produced by serum 
dilution with zme sulfato distilled water or a buffer solution was also measured m a smaller 
number of cases after hpid intake The repeat determinations were made three and six 
hours after lipid intake because of previous experiences with vitamm A tolerance curves n 


Prom the Hektoon Institute for Medical Research the Departments of Pathology Thera 
Peutlcs and Internal Medicine of Cook Countj Hospital the Department of Patholo/^ of North 
we fem University Medical School and the Department of Internal Medicine of the University 
or Illinois College of Medicine 

Supported by a grant from thq Dr Jerome D Solomon Memorial Research Foundation 
Received for publication June 14 1948 

•Kindly supplied by W>eth Incorporated Philadelphia Pa 


105 



106 


POPPER, STEIGAIANN, DYXIEWICZ, VND DUBES 


In confirmation of tins, tlie maximal elevation of the thymol turbiditj nas found between 
three and six hours in five esperiments in which blood was drawn hourly for six hours The 
difference between the fastmg lei el and the highest level after ingestion of lipids (maxamal 
rise) was expressed as absolute difference or in per cent of the prelevel, respectiieli For 
the analysis of the preialue in tlie different clinical conditions, only the first determination 
on each patient was utilized For determination of statistically significant differences the 
T value was detei rained accoiding to the following formula 


t = ^ ^ / ( If. - 1) - 1) 

s \ N, - N - 2 

X = mean of one sample 
x' = mean of second sample 
N, z= number in first sample 
hf- =: number in second sample 
s = pooled standard devnation 

A T value above 2 o indicated a statistically significant difference 

In ten cases the thvanol turbidity was determined before and after lipid intake on seia 
(1 ml ) extracted once or seieial times with 5 ml of petiol ethei or ethil ether, similarly on 
sera (1 ml ) to which 20, 40, or 100 mg of heparin weie added, respectii ely, and on plasma 
from heparimzed blood 

RESULTS 

Thymol and Zinc Sulfate Tuibiehty in Various Pathologic Conditions — The 
thnnol tuibiditi vaiied in eontioi patients fioin 0 5 to 6 9 units with an aveiage 
of 2 1 (Table I) In only four instances was it abote 4 units, which is usuallv 
consideied as the uppei limit of the noimal The average was slightly higher m 
patients yyith nephiitis, heart disease, cachexia, infections and malignant tumors 
other than those of the bilian tiact In the lattei thiee gioups, the lange ex- 
tended occasionally into highly abnoimal values The aveiage in gastiointes- 
tinal diseases yyas in the pathologic range, liowevei, the statistical difference 
from the normal yyas not significant Nonyaimdiced patients wnth fattj’^ livers 
(established by^ livei biopsy^) had a noimal tuibiditv The ayerage tuibidity in 
acute hepatitis yyith jaundice yyas markedly elevated, the difference being statis- 
tically impiessiye In only 7 9 per cent of the 126 cases of hepatitis yvas the 
turbidity beloyy 4 units, hoyy'eyei, some of these patients had almost completely 
leeoy'eied The ayeiage in the nomcteric patients yvith cirrhosis yyas someyvhat 
loyyei than in those yvith acute hepatitis though the difference from the norm 
was still statistically significant In only 20 5 per cent of the nomcteric patients 
with ciiihosis was the turbidity below 4 units The results m patients yvith 
ciiihosis with jaundice simulated those of acute hepatitis, only 12 9 per cent had 
a turbidity below 4 units The eases of cirrhosis (yvith or yvithout jaundice) 
which had a normal tin mol turbidity yvere not necessarily less active than those 
with a high tuibiditv In the bilian type ot hepatitis produced by prolonged 
extialiepatic biliai-y obstiiiction, the aveiage yvas only slightly eleyated Never- 
theless, the difference from the noimal was just statistically significant, a tuibid- 
itv above 7 units yyas tound m only 115 per cent In the purulent tyiie of 
hepatitis in yvliicli extialiepatic biliai-y obstiuetion yyms complicated by bacterial 
infection of the portal triads, the average turbidity was definitely above normal 
The statistical difteience from the normal was quite significant In this group 
of seventeen cases, only^ in two wms the tuibiditv normal and in fiv^e it was below 

7 units 
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T^dle I A\er\of Ie\el, L\Nrr vnd Statistical SicsiFfcwcr oi Aom \tjos iiojr 
NOPifVLOI Tlt\MOL \SD 7lSC Sll UTL TLRDIDm IN IIOSPIT \L CONTI OLS \ND 
PvTirsTB With \ \mis I)jfir\sEs 
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The 71 I 1 C sulfate fiiil)Klit\ Kxeilid in noimnl subjects nu aioiago of S 
units, it was above 10 units iii fne out of tliiitv three esses Sli^lith highei 
values vvcio obtniiied in patients with bent disease \n average of about 15 
units was obtained in infections tache\ia gastiointestinal diseases, malignant 
tumors and cmliosis without jaundice In jiatients with acute hepatitis and 
especiallj in ciiihosis with jaundice the aveiage elevation was even liighei 
This elevation was statisticallv significant In 20 pei cent of patients wath acute 
hepatitis and in one thud of those with ciiihosis and jaundice the zinc sulfate 
tiirbiditj was below 10 units In both foiins of secondan hepatitis (biliarv 
anti piiiulciit) the aveiage tmbiditv was noiiiial being above 10 units in onlv 
13 3 pel cent of such cases 

Influence of Intalc of I ttnous Ltpuls Upon Thymol Tuihidity After the 
intake of almost eveij tv'iie of lipid, the thvmol tuibiclitj lose moderatclv in 
control p itients, but onlv slightlv in patients with livei disease (Table II) The 
zinc sulfate tiiibiditv lose also but fai less than the thvmol tiiibiditv when es 
pressed in peiceiitaoC of the prevaluc Thjmol tioecul ition was not pioduced 
by admiiiistiutioii of aiij of the lipids The highest use vv is encountered after 
intake of 50 Gm of Inittei Some oiientatioii cvperiments showed that the 
addition of 6 Gm of choline to 50 Gm of biittei produced an even highei rise 
at the thjmol tuibiditj than biittci alone Tlieiefoie the effect of butter, 
butter with choline, and choline alone was compaied in anothei senes of pa 
tients with various diseases (Table III) Butter and choline produced usiiallv 
1 greater elevation of the thvanol tiirbiditv than butter alone However this 
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did not occul m all cases Choline alone elevated the thymol turbidity sig- 
nificantly less than buttei with eholme or butter alone The response of the 
tlijunol tuibidity to butter and choline intalie, alone oi together, was far less 
marked in patients with liver disease 


Table II Influence of Administration of Vapious Lipids Upon the 
Thymol Topbidity 


SUBSTANCE 

AMOUNT 

nosi IfAi. LON It (JL 
PATIENTS 

PATIENTS WITH 

LIVEP DISEASE 

A\E1{AGE MA-VIMAL KISE | 

AVEI AGE MAXIMAL PISE 

NUMEEI 
OF CASES 

IN UNITS 

IN % OF 
PFEVALUE 

NUMBEK 

OF CASES 

IN UNITS 

IN % OP 
PREVALUE 

Butter 

5U Gm 

21 

32 

151 0 

10 

1 3 

22 8 

Egg yolks 

4 

10 

16 

106 8 

13 

2 8 

37 2 

Cholesterol 

5 Gm 

3 

22 

57 3 

2 

1 4 

34 4 

Lecithin 

30 Gm 

2 

1 7 

72 0 




Coil liver oil 

30 c c 
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08 

26 0 




Vitamin A in oil 

100,000 

2 

02 

5 1 




Vitamin A in aque 
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34 6 




ous dispersion 
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Com oil plus lecithin 
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20 4 
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Com oil plus oliolme 
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22 

17 3 
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Table m Comparison of the Rise of Thymol Turbidity Following Administration of 
50 Gm of Buttep With and Without 6 Gm Choline and of 6 Gm Choline Alone in 
Patients SoFtEPiNc From Vapious Diseases 


DIACNOSrS 

NUM 

BEK 

OF 
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MAXLMAL 

PISE IN 
UNITS 

MAXIMAL RISE IN UMTS 
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\VER 
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Influence of Intake of Buttei and ChoUne Upon Blood Lipids and Tut 
biditij Tests— The thimol turbidity, phospholipids and total lipids rose m 
three control patients, the maximum elevation occur ring three hours after the 
intake (Fig 1) The zinc sulfate fiirbiditi lose to a lessei degree The slope of 
the rise was the steepest in the thimiol tiiibiditj', less m the seium phospholipids, 
and still less m the total lipids All foui factors rose insignificantly in the two 
patients with cirrhosis In one control patient, the difference between the 
response to buttei and chohne, on one hand, and butter or choline alone, on the 
other hand, (pieMOUslv described for the thymol turbidity) was mirrored bi 
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the phospholipids, but not bj the total lipids or tbo zinc sulfate tmbidity (Table 
n^) In the two patients iiitb cirrhosis (oiilj one recoided in Table IV) the 
rise in all nistnnces was insignificint and did not permit comparison 



Table IV CoMPArJsoH or the Rise op TmiioL TorBroirr, Zivo Sdlpate TimBnurT, Sepom 
Lipio PaospBorus and Total Lipids After Adsiimstration op 50 Gii Butter Tooetbep 
IV ITU 0 Qst ClIOUNE and AFTEP BUTTER OP CHOLINE ALONE IN A HOSPITAL CONTROL 
AND IN A Patient With Cihpuosis 


, 


CONTROL 

PATIENT 1 


OIRPHOSrS 



1 

1 maximal pise aftle 

[ ADMINISTRATION OP 


1 MAXIMAL RISE AFTER 

I ADMI^^ET^ATION OP 

TEST 

rnE 

' \ALUE 1 

I 

BUTTER+ 

CHOLINE 

BUTTEP 

ciloriNE 

PRC 

VALUE 

BUTTER+I 
' CHOLINEi 

BUTTEP 

f 

CHOLINE 

iiijnioi turbidity in units 

2 3 

48 

3 5 

1 0 

3 2 

0 7 

05 

0 2 

Bulfate turbidity m 
units 

4 7 

20 

22 

1 7 

112 

1 2 

10 

00 

Lipid phosphonis in 
niff/ino c c. serum 

92 

61 

39 

25 

05 

OG 

07 

07 

lipids m gm/100 
c c. plasma 

0 77 

ois 

0 25 

on 

0 98 

0 04 

0 05 

0 05 


Response of Fhijmal and Zinc Sulfate TurJ)idities to the Simultaneous 
Intel e of 50 Gm 'Sutter and 6 Gm of Choline in Various Pathologic Con 
ditions — The rise of the thymol turbidity in contiol patients was on the average 
3 1 units or 237 4 per cent The rise was below 1 unit in only three out of 
thirty nine instances (Table V ) The same response was found in neurologic 
Conditions and in a few cases of nephritis The rise in thymol tnihidity was 
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Table V JIaaijial Eise of the Thymol and Zinc Sulfate Tupbidita in Hospital 
C oNTEOLs and Patients With Various Diseases Following the Intane of 
50 6m Butter and 6 Gm Choline 


mammal rise in thymol turbidity 


mammal rise in zinc sulfate 
tupbidita 


DI\G^OSIS 

^ U\L ! 
BEP 

OF 

CASES 

IN' UNITS 
nERAGE RANGE 

T VALUE 
FrOM 
HOSPITAL 1 

controls] 

AVER 

AGE 

IN 

% 1 

NUM : 

BER 

OF 

CASES 

IN UNITS 
■W^RAGE RANGE 

AVEF 

AGE 

IN 

% 

Control patients 

oO 

3 1 

04 88 


237 4 

12 

28 

07 68 

34 5 

Neurologic diseases 

11 

30 

12 64 

08 

107 4 

10 

10 

0 7 56 

57 6 

Cardiac diseases 

8 

09 

03 22 

45 

681 

2 

07 

05 22 

53 

Infections 

16 

1 3 

04 34 

49 

58 0 

2 

1 1 

0714 

89 

Carcinoma wutliout 

10 

13 

0132 

42 

41 0 

5 

1 3 

0 7 16 

26 6 

involvement of 
biliary tract 

Wasting diseases 

13 

1 6 

0228 

40 

59 8 

8 

23 

04 68 

32 1 

Gastrointestinal 

6 

0 6 

0 3 2 0 

4 5 

19 5 

4 

0 7 

05 09 

16 9 

diseases 

Nephritis 

4 

2 3 

0141 

1 5 

105 6 

3 

0 8 

03 09 

95 2 

Acute hepatitis 

16 

25 

0 2 77 

2 1 

18 4 

4 

1 7 

08 36 

11 2 

Cirrhosis wathout 

16 

1 3 

02 3 6 

50 

27 0 

8 

11 

0 3 2 0 

13 4 

3 aundice 

Cirrhosis with 

IS 

10 

0132 

59 

18 0 

10 

0 8 

0421 

98 

jaundice 

Obstructii e 

8 

08 

0 124 

49 

25 3 

4 

05 

02 28 

10 9 

jaundice 


significantly less in patients vith infections, caicinomas (other than those im^olv- 
ing tile biliaiy tiaet) and caidiac oi ivasting diseases, the aveiage being aiound 
1 unit The smallest i espouse v^as noted in gastiointestiual diseases in which the 
tuibiditj rise was only about 0 6 unit The lesponse was also depressed to a 
statistically significant degiee in livei diseases ivith the exception of acute 
hepatitis If expiessed in pei cent, the lack of use ivas especiallj’- maiked in 
liver diseases in Anew of then elevated prevalues In patients AVith acute 
hepatitis, who usually had a high pievalue, the absolute use ivas nearlj normal, 
but the percentage use was almost the lowest leeorded The rise was slight, 
w’hethei comparisons weie made m units oi peicentages, in cases of cirrhosis 
wnth jaundice and in obstiuctive jaundice This w'as so despite fiequent 
elevation of the pievalues In geneial, a rise below 1 5 units suggested an 
abeiiation from the noimal Elei^ations of less than 1 0 unit pointed to a 
pathologic condition As a geneial tiend, low' fasting levels of the thymol tur- 
bidity were associated w'lth a significant i espouse to administiation of butter 
and choline Patients with high fasting levels show'ed, as a rule, little response 
(Pig 2) An exception to this was noted in acute hepatitis in w'hieh an almost 
normal response oeeuried in face of a high fasting tuibiditj- Anothei exception 
was seen in gastiomtestinal distuibances in w'hich both fasting level and response 
w'eie low 

The zinc sulfate tuibiditi lesponded similaily to the thymol tuibidity, but 
its use Avas less marked whethei in units oi ui pei cent of the preliminaij' 
value The Ioav turbiditi leadings of serum dilutions AA'ith either distilled 
A\atei or sodium baibital-barbital buffei witlioiit tin mol were onlj slightlv 
(not ovei 0 2 unit) if at all influenced bv lipid intake 
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Pr« V4lu« In Unitt 


Fig •>— Plot of tj,o tli'jnol turbl«Ill\ l> for Hpl<l administration ulth the maximal rise 
roUo^\lng administration of 60 Gni butt r and 6 Gni choline In hospital controls and patients 
suffering from various diseases 



Administration of Butter and Choline 


Pig 3 — Influence of adding of heparin to the serum or extracting It with ethyl ether 
upon the thiTnol turbidlt> In a hospital control and a patient A\lth acute hepatitis before and 
^fter administration of 60 Gm butter and S Gm choline 
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Influcucc of I/iptdi Solvo'ivts Upon- Thymol Tuihid/ity — As obs&r'ved m. at 
least twent 3 ^-five cases of each group, the thymol turbidity, normal or elevated 
due to either disease or intake of buttei and choline, was not alteied by ex- 
traction of the serum with petrol ethei, but was maikedlj xeduced by extraction 
with ethyl ethei (Fig 3) The thymol tuibidity was reduced in serum to which 
heparin was added as well as m plasma flora hepaiimzed blood independently 
of pathologic 01 postprandial elevation This i eduction was augmented by 
inci easing the amount of heparin used or lepeating the ethyl ether extraction 

DISCUSSION 

The diagnostic value of the thymol turbidity test, repoited by many in- 
vestigators,^’ has been eonfiimed in this study The turbidity was occasion- 
ally elevated in vaiious conditions with possible secondary involvement of the 
livei, for example geneial infections, malignant tumois and gastrointestmal 
diseases, however, it was legularlj and markedly elevated in acute hepatitis 
It remained normal in patients with fatty liveis In ciiihosis with jaundice 
the turbidity was usually slightlj'- lowei, and in euihosis ^vlthout jaundice, it 
was markedly lower than in acute hepatitis In contrast, extialiepatic bihaiy 
obstiuction, even of prolonged duration, usually levealed a noimal tuibidity 
This difference was especially noticeable if the boidei Ime w'as diawn at 7 units 
‘However, if a bacterial infection involved the portal triads, for example cholan- 
gitis, complicated extrahepatic biliary obstruction (puiulent hepatitis^^), the 
thymol turbidity became markedly elevated, as a zule, to over 7 units The 
difference between elevated thymol turbidity in piimaiy hepatitis or cirihosis 
and normal turbidity m extiahepatie bihaiy obstmetiou even with liver damage 
IS of piactical impoitanee®' This diffeience holds tiue only in the absence of 
bacteiial infection of the poital triads 

The demonstiated diffeience m the results of the thymol turbidity test in 
various conditions is appaient in the mean or in a statistical evaluation of a 
larger numhei of cases but may not necessarily hold tine for individual patients 
Thus, a noimal thymol tuibiditv may occasionally be found m hepatitis or 
cirrhosis with marked jaundice when other hepatic tests are abnormal Con- 
versely, the thymol turbidity may be elevated in extrahepatic jaundice and even 
m diseases not primarily hepatic such as rheumatoid aithiitis “ 

Elevation of the zmc sulfate tiuhidity was found not only in hepatic diseases 
hut to almost the same degiee m other inflammatoiy and neoplastic conditions 
with little or no liver damage In contiast, it was normal m the cases of extra- 
hepatic biliary obstruction This latter observation, if confirmed on a large 
number of cases, would make this test of great i aliie in the differentiation be- 
tween extiahepatie biliary obstruction and primaiy hepatitis and cirrhosis The 
significance of the zinc sulfate turbidity test thus appeals to lie in its failure to 
nse in extrahepatic jaundice The zinc sulfate tuibidity was especially high 
m cirrhosis As a lule, markedlj elevated zinc sulfate tuibidity in face of onlj 
moderately elevated thvmol tuibidity suggests cirihosis On the other hand, 
high thymol turbidity with moderatelj elevated zinc sulfate turhiditj spealcs for 
an acute hepatitis 
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Tlic tnnsicnt rise of the tlnmol turbiditj after lipid intake (especiallj 
after butter and eholine} maj hn\c diagnostic signifiesnee boeniise it parallels 
the nse of tlic blood total lipids and especiallj of the phospholipids, That the 
postprandial rise of the thj mol turbiditj is due to serum phospholipid elei ation 
IS also indicated bj the high phospholipid concentration of the precipitate pro 
duccd bj adding tlmnol to scrum This Inpotliesis is also suppoited bi the 
obsonation that choline, uhieh is essential m lecithin foionation, may enhance 
the effect of butter ingestion upon the tin mot turbidity and the scrum phos 
phobpid leicl Furthermore, the admiiiisliatioii of choline alone increases the 
thviaot turbidity 

The rise of the thj mot turbiditi after butter alone maj result from a com 
bination of fats iiith phospholipids during absorption ‘ although such a 
combination is stdl control ersiaP Increase of the bnttei effect by ehobne 
could be ascribed to a role of choline in the fat tiansport through the intestinal 
wall, ' ” similar to the function of choline in fat mobilization from the 
hicr=’ ' ® 

The delation of the tin mot tiiibiditi indiitcd bj fat ingestion and the 
spontaneous elevation in pathologic conditions like acute hepatitis are equalli 
lowered bj othjl ether but not bi petiol ctiiei c\tiaction of the senim ' Both 
elevations arc cquallj depressed in iitro bi licpaiiii iiliich is known to abolish 
visible lipenun, at least in vivo ” Tint docs not nccossarilj implj that the 
increase in the thj mol turbiditj in Inti diseases is primanlj duo to a lipid 
factor Thus, Kunkcl and Hoagland’ have shown that at least m some stages 
of acute hepatitis the thj mol turbiditj cleiatioii depends primarily on protem 
changes 

The response of the thj mol tuihiditj to the administration of butter and 
cholme can bo considcied ns an iiide\ of intestinal lipid and most probably 
phospholipid absorption The rise is onlj slight in manj conditions in which a 
disturbance of fat absorption can be expected as in gastromtestinal or in severe 
wasting diseases Pool response may be found in obstruetiie jaundice or m 
hepatic diseases, for example cirrhosis, which have a high spontaneous thj mol 
turbiditj Such a minimal rise is not necessaiilj caused bj liver damage as 
such, in view of the almost nonnol response in infections hepatitis It is more 
likely due to associated gastrointestinal distuibanees The response of the 
thymol turbiditj to lipid intal e rcpiesents thus a technically simple test for 
intestinal lipid absoiqifion which maj be of diagnostic value 

SUMMARV 

In confirmation of previous reports, the tlijmol tuibiditj test was found 
elevated in acute hepatitis, less so m cuThosis with and without jaundice It 
was normal in patients with fattj livers without jaundice, slightly elevated in 
obstnictive jaundice without infection of the hibary tract but elevated when 
bacterial infection was present OccastoUally, elevation was found in diseases 
without apparent liver involvement while in rare instances of even sever? 
primary liver cell damage the turbidity was normal 
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The zinc sulfate tuibidity was found elevated in livei diseases and in 
inflammatoi y oi malignant conditions in geneial but was noimal in cases of 
extrahepatic obstiuctive jaundice Theiefoie, a low zinc sulfate turbidity is 
of great diagnostic impoitance The ratio between thymol and zinc sulfate 
turbidity is of practical significance in the differentiation of acute hepatitis and 

ClllllOSlS 

Administi ation of vaiioiis lipids laised the tlwmol tuibidity Foi this 
purpose, 50 6m butter given together with 6 Gm choline are especiallj’ efficient 
The use of the thymol turbiditj was parallel with that of the seium phospho- 
lipids, but less so with that of the total plasma lipids and the zinc sulfate tui- 
bidity Butter or choline alone usually produced a less marked rise than buttei 
and choline together 

The spontaneous elevation of the thymol turbidity produced by pathologic 
conditions as well as the rise caused by the intake of lipids is equally reduced in 
vitro by adding heparin to the serum or by extracting serum with ether but not 
with petrol ether The rise in the tin mol turbidity after the ingestion of fat was 
maikedlj' depressed in gastrointestinal diseases, obstiuctive jaundice and cir- 
rhosis The depression in wasting diseases was of lesser degree In acute in- 
fectrous hepatitis the postpiandial rise was almost normal The response of the 
tlijunol turbidity to the mtake of buttei and choline may sene as a simple 
clinical test of intestinal absorption of fat 
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THE BOUND GLUCOSAIHNE OP SERUM ]\IUCOID IN DIABETES 
MELLITUS, FLUCTUATIONS OBSERVED UNDER THE 
INFLUENCE OP INSULIN 

Henry R Jacobs, M D 
Evanston, III 

M any authors have speculated upon the metabohc disorder associated with 
the caibohj'^diate defect m diabetes mellitus This papei presents data 
obtained in a study of the concentration of glucosamine in the blood of diabetic 
and other patients 

Glucosamine is thought at present to occui in blood m the form of a 
polysaccharide composed of acotylglucosamine, mannose and galactose, boimd 
to a protein molecule of the plasma, the whole complex is termed a mucoid, or a 
seromucoid ^ Ordinary methods of pieeipitatmg plasma protems, as by salting 
out or by ti eating with alcohol, copieeipitate the seromucoids ivith the albumm 
and globuhn A useful way of sepaiatmg them is to acidify the plasma slightly 
and then to heat it briefly* the albumins and globulms coagulate piomptlj"^, 
leaving the serum mucoids m the clear liquid 

METHOD 

A few simple prelmuuari studies sufficed to devise i process for routme preparation 
of blood Samples for this preliminary survey The following procedure was used One 
milliliter of o\alated plasma was mixed with 3 ml of 0 OIN HCl in a 15 ml conical centrifuge 
tube The tube was placed m a boilmg water bath for three to four mmutes while its contents 
were kept m motion Coagulation occurred rapidly The tube was then cooled and centrif 
ugated The supemate was removed and placed in a 5 ml glass ampul, and the ampul sealed 
wuth a blowlamp The sealed ampul was heated in a boiling water bath for twenty four hours 
to liberate glucosamme from the polysaccharide complex 

Color was produced accordmg to the method of Elson and Morgan , 2 followmg the 
additional directions of Palmer, Smyth, and Mejer s The following reagents are required 
(all should be kept m icebox) 

1 Two per cent aeetylacetone in 0 5N Na-CO, Add 0 2 ml acetylacetone to 10 ml 
0 53Sr Na^COj, and dissolve by shaking Prepare fresh every day or tw 0 

2 p Dimethylaminobenzaldehjde reagent The substance must be purified before use 2 3 
Dissolve 0 8 Gm in 30 ml aldehyde free alcohol and add 30 ml concentrated HCl 

3 Aldehyde free alcohol This is prepared by distillation of absolute alcohol after treat 
ment wath Ag O and sodium hydroxide,^ and diluting to make 95 per cent 

4 Glucosamme standard Twace recrystallized glucosamine HCl is dissolved in water 
saturated wath chloroform to make 20 mg per 100 milliliters 

The sealed ampul was opened after twenty four hours of heating and the contents were 
filtered One milliliter of the filtrate was placed m a test tube marked at 10 milbbters One 
milbliter of the acetylacetone reagent was then added, and the sides of the tube were washed 
dowm with 1 ml of water A standard was set up m the same manner, usmg 1 ml of the 
standard solution A blank was made using 1 ml of water, but otherwise treated exactly as the 
test and standard mixtures The tubes were heated in a boiling water bath for fifteen mmutes, 
then cooled Approximately 2 ml of aldehyde-free alcohol were added to each tube, following 

This worTc was supported tij ttie Johnson Research Fund of Northwestern Universitj 
Medical School and the E\anston Hospital 

From the Research Laboratory of the Evanston Hospital 
Received for publication Sept 14 1948 
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which 3 ml of p djmctlijlarainobcnzaldohjdo reagent were added to each Then aldehyde 
free alcohol was added to each tube to tho 10 ml mark, the contents of each wore mixed 
thoronghlv and all were set aside for forti li\o minutes for the colors to develop and for 
bubbling to cease 

Color comparisons ere made in a Coleman spectrophotometer A wave length setting 
of o3j was found to be most ensitivo to tho color, and was therefore used throughout The 
blank solution was first employed to establish the blank value, after which tho standard 
and the test solutions were measured in the machine The glucosamine content of tho test 
sample was read from n calibration curve previously established for tho instrument and for 
the method through a range of known glucosamine concentrations from 5 to 100 mg per 
cent Tho standard solution erved to \orifv this cur\e each time in tho neighborhood of 
20 mg per cent M hencicr tho test ample showed unusually high values, it was customary 
to repeat tho determination after diluting the original filtrate enough to hnng the con 
ccntration well below 40 mg per cent 

In pa sing it should be mentioned that the method emplo\ed was designed to measure 
tho glucosamine that is casilv separable hence the values found represent only this portion 
ilore drastic methods of lijdrohsis and use of whole plasma will doubtless give higher 
values for '^tolnl*' glucosamine 
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Flf 1_A scntter-dlQBram to show the correlation between blood glucose and blood 
glucosamine In nondlabetlc nnd In diabetic subjccls This diagram nresents the data given In 
the tables 


RESULTS 

Three hundred and setenU eight determinations nere made upon 250 sub 
jeets It was soon obvious tliat plasma glucosamine followed the blood sugar 
level and that the findings of gieatcst interest -nonld be made upon diabetic 
blood In the tables the data are scpaiated into two categories diabetic and 
nondiabetio The examples offered were selected because blood sugar defernuna 
tions were made watb the glucosamine studies, those left out bad no blood sugar 
determinations, but the glucosamine levels were not unique in ant ttay The 
values offered m the tables appear in the scatter diagram (Pig 1) 
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Table I Plasma Glucosamiae Content and Blood Sugar Levels in Nondiabetic Subjects 


SE\ 

AND AGE 

GLUCOSAMINE 1 

(MG %) 1 

GLUCOSE 
(MG %) 

j CLINICAL STATE 



0 9 wg 

pel ce«f 

M 

46 

27 

83 


Cholehthnsis, icteric index 7 0 

M 

62 

42 

105 


Hypertension 

M 

33 

55 

S3 


Function'll bon el distress 

P 

59 

68 

99 


Incisional hernia 

F 

61 

74 

91 


Chronic hypertrophic arthritis 

M 

47 

80 

96 


Heart block 

F 

61 

81 

80 


Acute appendicitis, WBC 15,000 

F 

18 

83 

86 


Cellulitis of left axilla 



10 19 mg 

per 

cent 

F 

-84 

10 7 

99 


Glomerulonephritis 

M 

40 

11 7 

86 


Ulcerative colitis 

AI 

18 

12 8 

94 


Generalized peritonitis, WBC 12,400 

F 

69 

12 8 

99 


Aliocardial infarction 

AI 

49 

13 3 

99 


Cholelithiasis, icteric index 7 2 

F 

33 

13 9 

S3 


Pregnancy, tibroid tumor 

F 

40 

14 8 

98 


Hj pothyroidism 

Ar 

74 

15 0 

85 


Carcinoma of pancreas 

F 

75 

15 0 

100 


Hj-pertension, senility 

F 

49 

15 8 

77 


Urctlvral polyps 

F 

63 

16 0 

84 


Hj-poth} roidism 

AI 

39 

16 0 

106 


Catairhal jaundice, icteric index 13 1 

AX 

29 

16 0 

81 


Pilonidal abscess 

M 

41 

16 0 

83 


Glomerulonophntis 

U 

85 

16 7 

95 


Generalized arteriosclerosis 

M 

64 

17 5 

89 


AKniere’s ajndrome 

F 

24 

181 

81 


Herpetic intis 

AI 

40 

181 

09 


Suspected imobinsis 

AI 

38 

19 0 

92 


Chronic mastoiditis 

AX 

80 

19 3 

79 


Prostatic hypertrophy 



SO S6 mg 

per cent 

F 

59 

20 5 

87 


Atypical pneumonia 

F 

38 

20 5 

100 


Acute back strain 

F 

68 

20 5 

94 


Acute bronchitis, hypertrophic arthritis 

AX 

65 

21 1 

93 


Emphysema 

F 

55 

215 

86 


Alenopausal bleeding 

AX 

74 

21 8 

84 


Prostatic hypertrophy 

AI 

58 

21 8 

97 


Psyclioneuros s 

AX 

86 

21 8 

87 


Arteriosclerotic heart disease 

F 

43 

23 0 

116 


Alulfiple sclerosis 

AI 

62 

25 3 

98 


Hypertensno cardiovascular disease 

F 

48 

26 0 

99 


Clironic ceri icitis 

AI 

53 

20 0 

116 


Hypertensive cardiovascular disease 



S7 mg per cent and ovei 

F 

67 

27 i 

123 


Arteriosclerosis, cholecystitis 

AI 

67 

31 2 

106 


Caromoma of prostate u itli metastases 

F 

30 

31 7 

156 


Tubal piegnancy , sulfadiazine 3 4 mg % 

AI 

72 

33 1 

95 


Adenoearcinoma of prostate 

AI 

78 

331 

133 


Prostatic hypertrophy 

F 

80 

34 7 

90 


Hypertensive cardiox ascular disease 

AI 

72 

34 7 

121 


Skull fracture 

AI 

53 

38 9 

116 


Hypertensive cardiovascular disease 


69 

42 4 

135 


Prostatic hypertrophy 

M 

77 

43 2 

101 


Fracture , arteriosclerosis 

V 


43 2 

114 


Pelvic abscess 

AI 

55 

52 8 

105 


Prostatic hypertrophy 
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TujiF IT IM \SM V Cl ucosvMiNL Cos TFNT vsn Blood Stnvi Inn VMOvr 
I>I\B1TI0 PVTIINTS 


RF\ \M) 

\or 

i oiucoRXMivr j 
1 ^c) \ 

OLtCOSE 1 

(MO ^c) 1 

nvTF 

1 


o'! 1 

2-0 

3/1 



n- 

307 

3/8 



>. s 

I6S 

3/0 



JOT 

141 

3/11 


as 

-10 

133 

2/-1 



10 3 

119 

2/d 



10 i 

13o 

2/16 



37 5 

132 

3/3 



-7 -J 

332 

V5 

r 

01 

11 7 

j3 

2/27 



-ISO 

104 

3/8 

M 


_7 J 

ino 

2/2j 



no 

87 

2/27 

h 

tij 

4S0 

160 

3/9 

i 

70 

— 0 

no 

2/24 



21 S 

os 

Vi 



-3 0 

100 

3/9 

F 

■n 

03 3 

200 

2/24 



07 0 

-84 

2/25 



30 5 

08 

2/20 



48 S 

1S3 

3/2 



24 1 

98 

3/4 

F 

2*1 

12 S 

120 

2/0 



-3 1 

308 

2/2 j 

1 

07 

80 9 

303 

3/4 

F 

SI 

30 o 

13G 

2/24 



4S8 

17o 

2/27 

M 

52 

29 2 

loA 

3/10 

F 

50 

32 5 

ns 

2/3 



20 0 

124 

2/4 



30 5 

132 

2/5 



24 1 

343 

2/6 



28 0 

138 

2/7 

F 

07 

20 2 

lor 

2/5 



33 9 

221 

2/6 



29 8 

209 

2/11 



24 1 

112 

2/12 



16 5 

94 

2/16 




118 

2/19 



21 1 

97 

2/24 



42 5 

129 

2/26 



74 

48 

2/12 



43 2 

270 

2/18 

M 


41 7 

270 

2/9 



27 4 

197 

2/11 



44 8 

248 

2/16 



41 7 

220 

2/17 



35 0 

84 

2/18 



12 8 

94 

2/19 



23 0 

116 

2/24 



28 0 

125 

2/20 

I 


241 

135 

2/27 


(Continued on foUou.tnff pnffe ) 
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Table H — Cont’d 


SEX AND 

AGE 

GLUCOSAMIUE ' 
(MG %} 

GLUCOSE 

Cmg %) 

1 

1 DATE 

F 

72 

39 6 

196 

2/26 

F 

59 

35 3 

133 

3/11 

F 

27 

181 

56 

3/4 



44 0 

160 

3/8 



36 7 

133 

3/9 



181 

75 

3/10 

M 

55 

55 

58 

2/27 



29 2 

119 

3/1 



30 2 

98 

3/3 

F 

58 

54 7 

209 

3/2 



48 0 

191 

3/4 



47 5 

168 

3/10 

il 

20 

443 

317 

1/20 

M 

57 

68 0 

286 

2/24 



20 5 

87 

2/27 

F 

82 

54 7 

270 

1/21 

M 

57 

32 5 

132 

3/11 



79 

94 

3/15 

F 

53 

25 3 

190 

2/24 



68 0 

331 

2/25 



17 5 

91 

2/27 



58 5 

185 

3/9 



90 5 

312 

3/15 

F 

17 

81 6 

284 

8 30 AM 



67 0 

179 

10 30 AM 



36 0 

114 

12 30 PM 



35 2 

124 

2 30 PM 



50 2 

288 

4 30 PM 


The nondiabetic group was composed of 151 individuals, and tlieir 
glucosamine levels ranged through the foUouung concentrations 

GLUCOSAJinNE LEVEL 

17 to 10 mg per cent 
11 0 to 20 0 

21 0 to 2C 0 
27 0 and above 

Although It IS not possible to establish a ‘'normal” range of glneosamuie 
levels from this study because no normal subjects veie included it seems likely 
that normal values by this method mil he m the neighfaoihood of 15 to 25 mg 
per cent The lowest value found was 1 7 mg per cent, the highest among the 
nondiabetics, 52 8 mg per cent Peihaps the only observation to be considered 
at this time is that the level seems to use mth age Seveial patients under 
treatment with sulfadiazine gave levels above the normal, but the disease being 
tieated may have been paitlv responsible for the e£6i(L The high incidence of 
neoplasia and of caidiov asculai disease m the gioup h^mg the highest 
glucosamme levels among the nondiabetic subjects perhaps depends as much 
upon the advanced age of the subjects as upon then diseases 


NUMBER OF INDIVIDUALS 

29 

73 

37 

12 



BOUND GLUCOSVSIINE Of SFBUM MUCOID IN DIABETES MELUTUS 121 

The diabetic group (Table II)* ivas composed of fort} three indniduals 
of which twcnti si\ appear in tlie fable All iicic in the Hospital undei treat 
meat Those left out rcsoiiibled those shown in all essential lespccts Two 
features are notcwoitha glucosamine leads far higher tlian occur among non 
diabetic subjects aie frcqueiitla encountered, and glucosamine levels paiallol 
blood sugar leads aaitli remarkable consistene} Glucosamine leads above 40 
mg per cent are unusual among noiidiabetic subjects, jet thea are common in 
diabetic subjects Loads as high ns 00 to 95 mg per cent haac been obsciwed 



Fig —The rcaponso of blood gl«co<«nmlnc to Insulin In a dlnbetlc subject The graph 
both blood eUico e and blood glucosamine foil after a dose of Insulin In a >oung 
oiaDfatic subject (b 17 of Table II) Note also that glucosamine rJ cs v.1th glucose as tlie In 
wiln effect disappears 


m imcontrolled diabetes The remarkable parallelism hetaveen glucosamine and 
glucose leads aahich is eaadciit in Table II is not niiaarjang, diveigences oconr 
frequentia enough to indicate that tavo phenomena nie inaolved Dissociation is 
often ohseraed during insulin effect the fall of glucosamine frequently lags 
behind the fall of blood sugar 

Glucosanuno is ohaaousl} icsponsiac to insiihn A smgle experiment avas 
perfoianed (F 17 in Table II) in avlnch blo nd sugar and glucosamine w ere 
measured ca erj tavo hours aftci an ndenuate dose of insulin had been give n 
Wi ^in four hours the blood sugai fell from 28 4 to 114 mg per cent, and during 
that interaal glucosamine dioppcd from 81 6 to 36 0 mg per cent Four hours 
later the blood sugar had risen again to 288 mg per cent, and durmg that time 
the glucosanuno rose to 56 2 mg per cent The coirespondence is shoavn in the 
graphs in Fig 2 

The association of glucosamine level avith age of subject mentioned earlier 
m discussing nondiabetic data is not apparent among diabetic subjects, very high 
levels are encountered^ata®’ ages and so are low levels aftei insuhn The ah 
senee or presence of control of the diabetic state overshadows all other possible 
effects on the plasma glucosamine lead m diabetic subjects 

MosUj pauents of Dr Arthur R. Colvicll 
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DISCUSSION 

The expenences descnbed in this papei indicate that the mueopolvsac- 
eharide of tlie mucoid fraction of blood plasma iihich nelds glucosamine 
aftei mild acidic In diob-sis is somehow immlved in the diabetic detect, and that 
it lespouds to insulin in louglih the same mannei as glucose itself as far as the 
direction, speed, and magnitude of tlie response is concerned The onlj earliei 
lepoit to be found, that of West and co-A\oikeis,‘* states that glucosamine in 
diabetic blood is not eleiated These uoikeis used another and moie drastic 
method of hydiolysis, and tliej employed iihole seium diieetly 

Nothing IS knawn about why the mucopohsacchaiide undei discussion 
should appeal in gieatei amounts in uneontrolled diabetes Maiij substances 
appeal in gi eater amounts undei that cueumstance, and many of them are 
lesponsne to the effect of insulin A recent general theoiy of the function of 
insulin® postulates that the glucose anomaly in diabetes is but one manifestation 
of insulin deficiency, perhaps the phenomenon descnbed in this papei is an- 
othei 

SUMUARA 

1 A pioceduie is given b.i winch easilj separable seiiun mncoid glucosamine 
was studied 

2 Representatu e data foi nondiabetie and foi diabetic subjects are 
offeied 

3 Insulin seems to exeit a pionouiiced effect on the level of glucosamine 
found bv the method descnbed 
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DIBbTOLIND AS AN ANTIDOTE FOR DIISOPROP\L 
FLUOROPIIOSPJI \TL POISONINU IN JITCL 


Ci oin II Bn mss JI D 
IjOMl Eim>\, Cviif 


T he to\ait\ of diisopio))\l fluoiopliosph itc (DPP), nn anticholinostcidsc 
agent, lins been (lesciil)ed l)j n imniber of authors The enih reports wliieli 
ostiblislied the mode of action and to\ieit\ of DFP arc not geneialh arailabk 
but are quoted ni screial iniblislud ni tides Scliolr' reported that topical appli 
crtioii in tlic ere could piodncc deitli in rabbits nliiib resembled esciino poison 
mg ‘McNsiniirs Koclle, and fiiliiian and also, Jlodell and ICrop^ liomted out 
tint DPP, nn aiitidiolinesteiasc is to\ic br a combmation of nicotinic and mus 
canine actions No single drug is 1 no\ui nliicli mil protect from both of these 
actions Atropine pioridcs Miiions degrees of protection against the mnscaiinic 
effects of DPP or the closch i elated dimetlnl flnoiopliospliatc in cats, rabbits, 
md mice’ = = ’ In cats and mice this antidote is moderatch effcctne since the 
niuseariine action is the dominant one It is much les^ effective nr the rabbit 
iihcre the nicotinic effect predominates These same authors reported that mag 
ucsium sulfate couiitciacts the nieotinie eftccts of DFP Salts of calcium, 
alumnuim and gold, according to Modcll, also have aonie “anti nicotinic action 
Slagncsium sulfate alone seldom prevented death in the animal administered 
HPP, but vihen it v\as combined with atropine the combination gave greater 
protection than either diaig alone Whereas it was to be cspected that the com 
hination of two anticholinestciasc agents would incieasc the tosicitv Koster® 
found that this was not true when pliv sostigminc was administered before DPP 
Phvsostigmnie protected fioin a subsequent lethal dose of DFP DPP given 
before phj sostigmine increased the toMCitv of phvsostigmnie This secminglv 
paradoxical result was further studied and explained bv Koelle® who classified 
nineteen other anticholinestciase agents for their protective action against DPP 
Acetjlbeta methj Icholine protects mice from inhaled dimethjl flriorophos 
Phatc but not from parenteral injections This protection apparently is due to 
local action on the lespiiatoia tiact which altci'S the rate of absorption of the 
inhaled drug* 

Seeking a less drastic cjcloplcgic agent than atropine for ophthalmologic 
use. Swan and AVliite’ svnthesized a scries of choline esters which have blocking 
rather than stimulating effects on the parasympathetic sjstem Dibutoline” 
(dibntvl urethane of dimethv 1 etlij 1 hv droxj ethj 1 arranoimim sulfate) was 
found to be the most suitable compound of the group The geneial pharma 
oology of dibutohne has been studied by Featherstone and White’ and by 
Peterson and Peterson” who have definitelv established the hloclnng action on 
the parasjmpa'thetic svstem Pfeiffer” has suggested that the atropine like 


EclUts^”"’ department of Phsalolosj School ot Medicine College of Medical Evan 

„ This vorlc was supported In part by a grant of funds from the Alumni Research Founda 
”on of the College of M dlcal Evangelists 

,, , The dibutollne and dllsoprop>I fluoropho phate ^ere obtained Uirough the generosltj 
r Merck and Company Rahway N J 
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action of dibiitoline may be due to a similar umbrella-like spaeial arrangement 
of prosthetic groups in the molecule 

The similarity of action of difaotolme to ati opine raised the question as to 
whether dibutolme would have a pioteetive e^ect agamst BFP The piesent 
study IS an attempt to evaluate dibntoline as an antidote for DjPP poisoning 

EXPERIMENTAl. METHODS 

Three groups of mice, averaging 25 grama each, were ohtaineci and used for the study * 
Mice from each of these groups were gnen intrapentoneal injections of fresh DPP solutwa 
m Hmger's solution so prepared that the desired dosage of drug nould be contained m 
0 5 c c of solution After the responses of a numlier of unprotected mice were observed, 
isriQus dosages of atropine or dibutolme were given to other mice One minute later these 
mice were injected with the same dosage of J)FP used previously 

Control groups of mice tvere injected mth various doses of dibutolme or atropine alone 
W'hea death occurred it was usually mthm thirty minutes, but any death within one neck 
uas assumed to be due to the medication 


RESULTS 


The sensitivity to DFP vaiied in tiie different gionps of mice, but each 
group lu itself was quite consistent In animals of the first group DFP 0 125 mg 
per annual pioduccd a moitabty of 38 pei cent See Table I When atropine 
002 mg per animal was administered one minute before the DFP the mor- 
tality was reduced to 12 per cent This same dosage of atropine alone did not 
appear to affect the mice in any untoward way 

I^Tien dibutobne 2 5 mg per animal was injected alone it was found to 
cause 100 per cent moitahty within ten minutes As the dosage of dibutolme 
was decreased, the percentage mortality was decreased until with 0 313 mg per 
annual no deaths occuried Wlnle dibutolme 125 mg pei animal alone 


table I The Coufarative Rates op Protection Proviuec for DPP by Dibutoline 


NUATBEB OF 
MICE 

UBUG (MQ PER 25 CM 
ANTMAh) 

j NUMBER or 
f DEATHS 

pepcentaoe 

mortaijty 


89 

DPP 

0126 

15 

3S 


50 

Atropine 

0 03 





DPP 

0125 

6 

12 


13 

Dibutolme 

2 50 





DPP 

0125 

13 

100 


12 

Dibutolme 

2 50 

12 

100 

Group A 

8 

Dibutolme 

125 

7 

87 

35 

Dibutolme 

0 625 

IS 

51 


15 

Dibutolme 

0 313 

0 

0 


25 

Dibutolme 

125 





DPP 

0125 

10 

40 


25 

Atropine 

0 02 

0 

0 


24 

Dibutolme 

0 313 





DPP 

0125 

3 

s 

Group B 

90 

DFP 

0 125 

S9 

99 

25 

Dibutolme 

0 313 





DPP 

0 125 

15 

60 



23 

DPP 


14 

Cl 

Group C 

28 

Dibutolme 

0 313 

0 

0 

44 

Dibutolme 

0 313 






DFP 

0 250 

13 

30 


■ ^ats vere first tried and then discarded ae CKpenmental animals because of the freat 
larlatlmi to to a giien dosage and the large amounts oC drug needed for each animal 
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CTOScd n mortnlitj of 87 pci cent iilicn it nas folloived by DPP 1 25 mg per 
animal, tins mortality ms reduced to 40 per cent shoeing tint DFP has some 
protectiio action against the lethal dosages of dibntoline DPP did not protect 
from the LD,„„ dosage of dibntoline (2 50 ing pei animal) When the 
siiblcthal dose of 0 313 ing per aninial of dibntoline avas administeied before 
the DPP the mortality nas reduced to 8 per cent 

The second gionp of mice obtained from a different source, were more 
scnsitiic to DPP The dosage 0125 ing pei animal DPP caused a mortality 
of 99 per cent in a large gioup of iince This was lediiccd to CO per cent by 
dibiitobne 0 313 mg pei animal 

The third gionp of mice was less scnsituc to DPP so that 0 250 mg per 
animal caused a mortaliti of Cl pci cent This was reduced to 30 per cent 
by the dibntoline 0 313 mg per animal 

Death from either drug nsualh occiiircd within the first fifteen minutes 
and was larc after the first foit\ eight hours Thus dibntoline has a modeiate 
degree of proteetiyc action against the to\ic effects of DPP 

Aiiahsis of these results to determine the piobability that thej might result 
from chance bi the use of Pearl’s formula for determining Chi square ga\o the 
followang results The probablllt^ of chance in group A is 1 to 110, group B, 
1 to 500 000,000, and group C 1 to 80 These results, therefore, aU fall wnthin 
the definitelj significant range 

suMMAny 

Dibntoline, a choline doriiatnc with parasj mpathetie blocking and no 
stimulating action, was tested to determine if it would protect against diisopropy 
fliiorophosphate poisoning Dibntoline was effcctnc in protecting mice against 
DPP toMciti, as was atropine Both drags were model atelj effieient as anti 
dotes when their injection preceded that of DPP DPP has some proteo n e 
action against lethal doses of dibutolme 
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PHABMACOLOGY OF ALLYLTHIOMETHYL- AND 
^-BUT'iTjTHIOaiETHYLPENICILLIN 

C D Eosp, A B , P N Habris, M D , 0 K Behrens, Ph D , ano 
K K Chen, MD, PhD 
Indunapous, In0 


C ONTEARY to tlie ouginal conception, penicillin is now recognized as a 
gioup of substances having a chemical and biologic similanty It is there- 
foie a geneiic name Benzylpenicillin (penicillin D) is the best known and 
most widely used of the gioiip New biosnithctie penicillins' lecetitly have 
become aiailable tliiongh the addition of eeitam organic precursois to the cnl- 
tuie medium Although diffeient penicillins show a similai specificity of action 
on vaiions mierooiganisms, seveial of the new penicillins exhibit pharmacologic 
properties winch appeal to offei some advantages over those of peniciUm G In 
this commimieation, ceitain physiologic actions of two of these penicillins,'' 
allyithionvctin IpenieiUm (AT) and w-butvithiometht Ipemcillm (BT), aie com- 
pared mth those of penicillin G 

Particulai inteiest m the toxieity of these new penicillins bj'- mtiadiual 
mjection was aroused bv a report of Baker- of orrr laboratories In scieenmg 
some thirty penicillins foi then action against labic viius in the mouse brain, 
Baker found it necessait to establish their lelative mtraeeiebral toxieitj values 
Hrs results indicated that penicillins AT and BT weie iimch less toxic than 
penicillin G 

Direct application of penicillin G to the ceiehial hemispheies fiequently 
incites convulsions,® ® and in laige doses mar lead to neeiosis of the paits so 
exposed® ' The effectireness of the baibituiates in alleviating convulsions is 
well loiowii Sodmm Amvtal (Sodium Iso-amjl Ethyl Barbitmate, Lilly) and 
phenobarlntal sodmm hare been used snccessfullr in the tieatment of convulsive 
seizin es due to penicillin G® ® '* Thus, it was of inteiest to ascertain whether 
or not Sodium Amvtal uijected mtiavenoiisly would also decrease the toxicity 
of pemciUnis AT and BT when injected intradurallv 

The absoiption, distiibution, and excretion of injected penieiUm, with par- 
ticulai reieience to its piesence in spinal flind, hare been investigated br several 
voikei's'°“ In our laboiatones, studies weie made on the concentiations of 
peiuciUins G, AT, and BT in the blood, mine, and spinal fluid of dogs following 
lutradiual and intiamusculai admmistiation Since alleigic responses to pem- 
crlbn G have been reported in man,'® '* and the sensitization of laboiatoiy ani- 
mals demonstrated,'" similai expeiiments veie undei taken ruth the penicillins 
under discussion 

Prom the Lilli ReseircU Laboratorie*! Eli LUlj Compani 


ReceneU for publication Xvg 24 1948 

•The natuml and bosmtViettc penlciUini differ one from aether according to the con 
stltiient present m the side chain containing the amide 

renrcEented as C<Hj CH-R alli Ithlomethylpenlclllln as CH.=CH-CH -6-CHi-R and ii-but\ 1- 
tWomethjlpenlcimn as CH^CH -CH-CH -S-CH -B nhere B represents the remainder of the 
penicillin molecule 
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PROCEDURES 

Afico vrciglnnp 12 to 14 jirnnis won elected for the intmccrebrol tests The tops of 
their licnds were painted nith Tincture Mertliiolnte (Sodium Ethvl Afcrcurl ThiO'^ahcj late 
Lillr), and injections made uith a 0 -o inch 26 gauge short beveled needle, through the 
thin parietal bone near the sagittal suture The compounds to bo tested T\cro dissoKcd in 
ph\ lologic saline and Injected in do es of 0 03 cc per mouse Ten or more mice wore used 
per do e, and the median lethal do l ± ■standard error was computed b\ the method of 
Blis 13 Intracistcrnal injection'* wort made on rabbits 1>\ means ot a ihort be\ elod 20 
gauge spinal needle Clear fluid was withdrawn and anrioui concentrations of the com 
pounds in ph'siologjc saline were ndnuiiistered iii small \olunic doses (0 15 to 0 jO c c ) 
Cisternal punctures on dogs were ninde through the space between the occipital bone and 
the posterior arch of the atlas \ftor the tstape of a fi,w drops of clear fluid, small \olume 
lo cs in ph\s!ologic saline were injeitod Intrnlimibnr injections were also made in dogs 
in the third or fourth intcr\ ortobral space ^licc, rabbits, and dogs which died as the 
result of intradural injection were ubjeeted to ncerops\ and sections of tho brain and 
spinal cord examined microscopicalh 

In an attempt to decrease acute iniovuation of penicillin in rabbits Sodium Amvtal 
u-as injected intraxenoush lu a do t of 10 mg per Kilogram immediatelj before lethal 
intracistcrnal injections of penicillin and again after the flrst con\ ulsion 

Three dogs were injected, one cacli with a nonconx ulsivc dose (oOO units per kilo 
Rrnm) of penicillins (1, AT and lU rc pe tueh b\ wax of the cistema magna Cerebro 
spinal fluid (CSF) blood and urine eaniples xxcrc collected hourlj The paper disc method 
of Loo and a sociatos o for streptoinxcm ndaplcd to the estimation of penicillin was used 
the determination of the antibiotic content iii the urine and cerebrospinal fluid The 
blood concentrations xxcrc tested bj a modification of the method described bj Ramracl 
hamp *1 In nn effort to find the rate of distribution of the penicillins from the blood into 
the cerebrospinal fluid, similar tests were made following intramuscular injection 

Sensitization experiments xxcre conducted on guinea pigs The animals were in 
jected dailx for fixe daxs bj the intrnpcritoneal route with 600 to 2 000 units of the 
respectixc penicillins At the end of twontx one and forty two da>s thev wore tested for 
flnaphxlaxis bx intraxascular injection In addition some of the animals wore sacrificed 
and their isolated uteri tested for sciisitixitx to the compounds bx the method of Schultz 
and Dale * s 


RESULTS 

In contrast ivitli the Ion toMciU folloning intiaienous oi mtiamasculai 
injection penicillin G when administcied iii lelativelj small doses into neivous 
t«sue causes death Compared nith penicillins AT and BT, penicillin G is the 
most toxic The data presented in Table I show that on a Height basis peni 
cillin AT IS and penicillin BT Ms o'? to''"'® ■'S penicillin G nhen injected bj 
the intracerebral route in mice On a unit basis penicillin BT is Ms as toxic 
as the natural penicillin 


Txblf I Toxicity Folloxxino iNTFACEnEUPvAL Injection in Mice 


PEMCILIIN 


KOMBER 

1 IDjo ± STANDAPD ERPOR 

COMPOUNDS 

PET MO i 

OP MICE 

1 MO /EO 

t UMTS/KG 

G 


110 

5 7 ± 0 2J 

9 348 ± 377 

AT 


30 

45 08 ± 3 91 

74 8 2 ± G 491 

BT 

3 330 

30 

100 74 ± 6 67 

357 000 ± 22 211 


_ iitreptococctin hemoluHcus O OS was used In these assays This organism responds some 
»hat differently from Staphylococcus aureus to the various pcnlcinins In order to express 
our findings in comparable terms the blood concentration values pres nted in Tables III and V 
have been corrected to correspond to units as determined with StaphyJococcnis aureus ^OOi* 
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Intracistemal injections of rabbits (Table II) show much the same rela- 
tionships m toNieity The diffeiences, howevei, when tested by the same method 
on dogs are not as great Penicillin AT is %, and penicillin BT )4o) ss toxic 
as penicillin G 


Table II Toxicity Following Intracisternal Injection in Babbits and Dogs 


PENTCILLIN 

coMPomsPS 

1 SPECIFS 

NDMBEF OF j 

ANIMALS 1 

LD„ ± STANDARD 
EPROB 
(MO /KO ) 

G 

Babbit 

15 

0 053 ± 0 005 

AT 


10 

5 01 ±0 05 

BT 


10 

15 00 + 2 00 

G 

Doff 

10 

1 US ± 0 112 

AT 


10 

6 49 ± 1 20 

BT 


11 

11 50 ±0 00 


The most pronounced pathologic manifestation of the three penicillms fol- 
lowing lethal intiaceiebial injections m mice and intracisternal injections in 
rabbits ivas necrosis of some of the ganglion cells of the cerebrum and Purlonje’s 
cells of the ceiebeilum The majoiity of the cells m both regions were normal 
In dogs dying as a lesult of injections into the eisteina magna, much the same 
phenomena occuried In sections from the eerebial cortex, basal ganglia, pons, 
cerebellum, and medulla, some ganglion cells were necrotic Most necrosis was 
seen in the hippocampus majoi 

Sodium Amytal was found to be capable of pi eventing acute intoxication 
produced by mtracisternal injections of penieiUins G and AT m rabbits The 
median lethal dose (LD 50 ) foi peniciUm G was raised fiom 0 635 to 3 85 mg 
pel kilogram when administered in conjunction mth Sodium Amytal — a sixfold 
decrease in toxicity Because of the small amount of penicillin AT available, 
its LDoo with Sodium Amytal was not established However, four rabbits when 
mjected, respectively, with one to foui times the LD,;^ of peniciUin AT, preceded 
and followed by the baibituiate, survived Two rabbits lecemng five times the 
LBco of penicillin AT, together mth Sodium Amytal, died within thirty-six 
hours No change in the LD„o of penicillin BT occuried following the use of 
Sodium Amytal, phenobarbital sodiimi, urethane, or chloial hydrate 

Table III shouts the data on the penicillin concentrations in blood, unne, 
and cerebrospinal fluid following intiacistemal injections m dogs A compara- 
tively rapid clearance of the antibiotic substance fiom the spmal fluid occuried 
in each case 

"Wlien these compounds aie injected by the intialumbar route m dogs, 
approximately five times as much material is lequiied to cause death Presum- 
ably, this may be due to the gi eater time lequired before the penicillin reaches 
the brain, giniig an opportunity for dilution, as well as loss to the systemic 
ciiculation This effect is demonstrated in Table IV 

The lapid tiansfei of penicillin from the spinal fluid following intiacistemal 
injection m dogs suggested that adequate concentrations (0 03 imit per cubic 
centimeter or higher) might be obtained in the spinal fluid by intramuscular 
injection Followmg a dose of 200,000 units an appreciable amount of the 
antibiotic substance was demonstiated m the spmal fluid, as shmvn m Table V 
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TuiLr irr iDSORpnoN, DiSTTincTiON AND E-^cretion Aftep Inttjvcistetnal 
Injection in Doos — 500 Units Pep KiloopwAM 



Table 1\ 

Tosicrnr Following Intralumcnp Injection in Doos 



LD#4 ± STAND VRDEPPOP 

1 N UXIBEP OF DOOS I 

(MO /KO 1 

0 

10 

4 04 ±0 27 

AT 

19 

38 00 ± 3 20 

BT 

15 

56 20 ± 2 BO 


Tadib V Ab^opption DiSTPiBcmov ant> Etcretion in Uoos Ajtep IimiAirvscvLAi - 
Injection — 200 000 Units Pep Kilogram 


















130 


ROSE HARRIS, BEHRENS, \ND CHEN 


Not included in the table aie the almost negligible lesnlts piodnced bi a dose 
of 20,000 units pei kilogiain 

Eleven of sixteen guinea pigs sensitized to penicillin G showed a definite 
lespouse on the twenpy-fiist and foity-seeond dais bv the Schultz-Dale test 
A gioup of nine shoved no eftect on the tiventi -first day, but in anothei gioup 
of eight, file exiiibited a mild anaphylactic leaction to intiacardiac oi intiave- 
nous injection of penicillin G No response was obtained by either method when 
penicillin AT oi BT iias employed as the sensitizing and challenging agent 
Noi vas there any i espouse to peiiiciUins AT and BT in guinea pigs sensitized 
to penicillin 6 

DISCUSSION 

It has been demonstiated that penicillins AT and BT aie less toxic bv 
intiadiual injection than penicillin G Howevei, lethal doses of all three peni- 
cillins have the same pathologic effect upon the biam of mice, labbits, and dogs, 
namely, pioduction of iieeiosis of the ganglion cells 

The toxicity of peniciUm G has been a limiting factor in its use in intia- 
duial theiapj^ The concomitant use of Sodiimi Amytal makes possible the 
adinmistiation of consideiably laigei doses The median lethal dose of pem- 
cilim AT, which is much gieatei than that ot penicillm 0, can be increased 
further by the use of the same baibiturate In shaip contrast, efforts to increase 
the of penicillin BT, the least toxic member of tins gioup, have so fai been 
unsuccessful Howeiei, the toxicity of penicillin BT without Sodium Amytal 
IS so low that the use of penicillin G oi AT with Sodium Aniital offeis no 
advantage 

The absoiption, distiibution, and excretion lates of these compounds m dogs 
are much the same, depending more on the size of the dose than upon differences 
in moleeulai structure With the small nnmbei of dogs used, no significant 
diAeienees could be ascei tamed When lelativelj small doses aie injected intra- 
cistemally, the penicillins studied aie rapidly absoibed, distiibuted, and exeieted 
It IS apparent that the baiiieis betveeu the cerebiospnial fluid and the blood 
aie lelatiielv permeable to penicillins in the diiection of spinal fluid to blood, 
although they liindei gieatlj the passage of the antibiotics in the dnection of 
blood to spinal fluid 

Enoimous mtiamuscular doses veie lequiied to give use to definite quan- 
tities of penicillin in the ceiebiospinal fluid A dose of 20,000 units pei kilogiam 
was not sufficient, but ten times this amount lesulted in high concentiations m 
the spinal fluid of all dogs At no time, hoveyei, did the coiicentiation in the 
eei ebrospmal fluid approach that of the blood 

In men of the fact that penicillins AT and BT, in contrast with penicilbn 
G, ha^ 6 shown no sensitization in guinea pigs, the new products niaj prove 
clinieallA moie advantageous in alleigic individuals In all piobabilitj, peni 
cillins AT and BT will not be contraindicated follov mg penicillin G, because 
they have shown no cioss-sensitization witli this substance 



ALL\LTIIIO'MFTini \\D 71 nUT\I THIOMETHII PF NlcaJ/lM 


131 


SU^PM 

1 Uljltliionictlnlj)onicillin ( VT) nnd 7i butjltluomethylpcniciUin (BT) 
aio much less toMc tliiin pcmcillm G (bcnzjlpemeilhn) uhon applied duectlj 
(o the central iienous sr stems ot mice rabbits, and dogs 

2 The loMcitj of pemcillins IT and G in nenous tissue is reduced appioai 
imtclj fiiefold bj tlie mtraienoiis administration of Sodium Amjdal The 
incdim Ictinl dose of penicillin BT the least toaic of the group, is not affected 
hp the use of the same bnrbitui ile 

3 Necrosis of the ganglion cells occurs folloiring lethal, intradural doses 
of each of the three penicillins 

4 The diffusion of penicillin appeals to be miieii easier fiom the ccrebro 
spinal fluid to the blood than in the opposite direction 

5 Sensitization has been shoim m guinea pigs to penicillin G, but not to 
penieillm AT or BT 

T}io authors arc indebted to Dr J M 'MeGuirc 'Miss Loui e Niles and Miss Jean Smitn 
for |)enicinm o says Messrs C E Pondl and J h ^^ndde^ for the Schult* Dale tests and 
Me«rs It D Fink and J K ITcnderj^on for their n‘53i«jtnnce in the tovicit^ and excretion 
Pxpenmonti 
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LABORATORY METHODS 


A IMLTIIOD I OJl TIIL DETER’MINATION OF FIBRIN 
APPLAR VNCB TUITj 


\nTiiUR B ^ ooRiii 1 s Tu ® M 1> Svmuh Gi \i-i PhD \nd 
Artirr II Bi \Ki-Mom, ^ID 
Ni w 'VoRK, N 1 


A dequate methods lui contiol of 'Idmimstntion of anticoncjulants aic 
of especial importnncc in of the mcioased application of anticoagu 
lant therap^ in Ihiombophlelntis ami m postopentne \ascular siiigical prob 
Jems Dieinnaiol fhciap^ is icf^uHtid adequate]} h\ the detcimination of pro 
thrombin time, n laboraton ptoccdine hcpaiin administiation on the othei 
hand, is usualh contt oiled aetouluif^ to the blood coagulation time The blood 
coagulation time dcteinunatious iic loutiueU a Iicdside and not a laliointon 
procediuc, and ill too fit(|ncntU the lesults aic nuxact 

Among the souices of ciroi in the Lee White^ and the dc TiKats methods 
ar then modifications aic the ac,tf tlion incuiicd in acnipunUiue and trnnsfci 
of specimens, the \anntion m agitation of the specimens and especia]l\ the non 
uniform sensing of tlic end point b\ diffeient obseneis Tlic scnipulous cleanh 
ness and imifoimit\ of glassnaic ntccssni} and the difficii]t\ of temperatiue con 
trol also combine to make tlie methods cmnbci’sonio and of doubtful application 
to the contiol of hepnun tlioiapa On the uhole these methods requiie an at 
tontion to detail diflicult to accomplish on the ivards 

In this repoU \\c lutioducc a new ciitciiou foi tlic control of Jiopaun 
therapy ^\Iuch is not in the tiuc sense a blood clotting method but lathei a 
measurement of the fibrin appearance time Tim technical procodvuc folloivs 
A capillar} tube \ar\ing fiom 1 to 2 mm in diameter and ol approxiinatel} 
5 cm in length is the basic piece of equipment The tubes are cleaned b} di 
chromate solution followed b} tlioiough nnsing in distilled uater Piior to the 
test, a 100 ct A^eronal saline buffci solufiont (pH 7 4) containing 400 mg 
fibrinogen^: is made up Tins solution has been found to itmain lelatncl^ stable 
room temperature foi at least tuentj foui lioiu’s A small quantity of the 
fibnnogen solution is drann up into the capillary tube and au\ excess solution 
remaining at the tip of the tube is removed b} touclung the tip to an} clean 
absorbent matenal The finger tip is cleansed tboioughh inth alcohol, allowed 
Ic diy, and jabbed with a sharp instrument so that a drop of blood wall appear 
munediatel} without the iiccessiti of milhog the finger The tip of the capillar} 
tube IS touched to the drop of freshi} drawn blood and a quantlt^ roughly equal 
to that of the fibunogen solution already present is allowed to rise into the tube 


From the Departments of Surgerj Ob tttrles and G^necoloffJ Presbjterlan Hospital 
Received for publication Mar h *> ISJS ,, 7 t t 

present In Surp/cal Re«.oarcli Unit Brooke General Hospital Brooke Vrmy Medical 
nter San \ntonlo Texa , 

„ tFour hundred mUlllittts of 0 IM «iodmm dletlul barbiturate mixed with 88 ml OIM 
and diluted to *.000 cc with oxalatetl saline (0 J per cent) „ , „ „ 

n<.i I'^upPUes of purified bovine fibrinogen wtie made available bj Parke Davla &. Companj 
^«rolt, Mich and bj The Armour Laboratories Chicago ill 
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by capillaiity The end is sealed carefully with peti oleum jelly, and ,thc 
capillary tube is placed in a constant temperature bath at 37 5° C A bright 
light placed behind the capillary tube enhances the visibility of the fibrin forma- 
tfon The end point is lead when the first cloudy haze appears at the blood- 
fibnnogen solution interface, and is not to be confused with the plasma layei 
foimed when the blood cells sediment The time of the test extends from the 
moment blood is drawn from the finger to the moment the cloud at the interface 
appears 



Fig 1 — Diagram of the Luclte ’vrater bath used to maintain a constant temperature of the 

capillary tubes 

The thcoietic basis of the test is the accepted concept that fibrinogen in 
solution is converted to fibrin by tlie action of tliiombin foimed in the blood 
Since thromboplastin in the presence of calcium ion effects the conversion of 
piothrombin to thiombin, which in tum converts fibiinogen to fibim, it would 
appear that if a clear solution of fibrinogen were to be brought into contact with 
whole unclotted blood, tlnombm activation by blood and tissue thromboplastin 
w^oiild be leflected immediately by fibiiii conveision in the portion of the fibrino 
gen solution contiguous to the whole blood The arrangement which appeared 
to oftei the gieatest degiee of simplicity w'as that of laienng blood diawm 
into a capillaiy tube with a fibiinogen solution Through obseivation of such 
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an arnngcnieiit it can be teoii tint a definite aiei ol fibim foinis in tin, clear 
fibunogen solution just aboic the blood fibrinogen intcifnc Using a capillai) 
tube piondcs an additioinl adiantage m that the i itc of diffiision of iihat is 
presumed to bo llii-ombin is bold iclnti\cl\ eoiistant It is icasomblt, to suppose 
Hint the coiuci-sion of fibrinogen to fibim at the interface goes on simultaneouslj 
iiitli tile coiiioi'sioii of fibiinogcii to libiiii in the fresh tiiioie blood below The 
inimedmtch apparent adiaiitages aie that the fibim foimation goes on in a 
solution wliicli is peifccth clear and not obscured b\ tbc irbole blood, tint 
agitation is immnial, and that obscnalion can be eaiiicd out nitli ease in a con 
slant temperature bath 



rif 2— Photosraph ot the end point In the ctplllarj Obrlnogi-n method The source of Ileht 
Is behind the capillary tube 


The simphcitj of sampling fingei tip hlood eniploi ed bj the de TaKats 
method IS favored, although it is iicll known that hlood obtained from finger 
bp sampling exhibits grcatei thiomboplastic aotivitj than that derived from 
'enipuuctme, howetci in the data that ate to he presented it appears that the 
®mniaation of tissue and blood thromboplastie activity bears a direct relation 
le the quaiititj of hepaiin gnen 

A 400 mg pel cent solution of fibtinogen was chosen because it appiov 
'mates the uppei limits of noimal blood fibunogen eoncentiation Vaiious solu 
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tions containing from 100 to 800 mg per cent fibiinogen weie tried without 
any appieciable difference in fibun appeal ance time oi in the visual density of 
the fibiin formation Veional buffei was used \vitli a pH of 7 4 since the fibiin 
formed nas slightly moie opaque than that seen with fibrinogen in physiologic 
saline Capillaiv tubes with boies Aai-vnng fiom 0 5 to 2 0 mm vere used with- 
out introduction of an^ appieciable eiioi 


Table I Compapison op Clotting Time Determinations Made Simultaneodsla by the 
Lee White and Fibrin Appearance Methods at Random Intervals 
ON Individuals Receiving Heparin 


INDIVIDUAL 

1 CAPn LAPY fibrinogen 

1 METHOD 

1 (Mm ) 

1 

1 LEE WHITE METHOD 

1 (min ) 

1 

10 

33 


0 

20 


8 

22 

o 

13 

40 


S 

17 


8 

16 


12 

29 


14 

45 

3 

12 

29 


8 

16 


10 

18 


12 

29 


7 

17 


8 

21 

4 

11 

31 


10 

18 


10 

23 


6 

5 


7 

12 


0 

20 

5 

7 

20 

6 

10 

35 

7 

17 

54 

s 

7 

13 


0 

16 


TiVBLE II Comparison of Clotting Time DETERiiiNATiONs Made Simultaneously in 
Triplicate by the Lee White Method and Fibrin Appearance Time Method on a 
Subject Who Beceiyed 20 Mg Heparin Intrawnously 



LEE HITE METHOD 

PIBRIA APPEARANCE 


(ROOM TEMPEP tTUPE tPPPOY 

TIME METHOD 


25° C) 

(37y.° c ) 


(MIN ) 

(MIN ) 


15 mm post heparm 
55 mm post heparm 
60 mm post heparm 
270 mm post heparm 


30 

30 

00 

4S 

60 

39 

37 

33 

19 

21 

21 


6 5 
65 
15 0 
15 5 
15 5 
9 5 
95 
95 
20 
20 
20 
60 


control %alues here are higher than those found In routine clottlnB determinations 
incU^^iduals for two reasoBs daerminattons were made m test tubes with a 
on normal mdUiduals tor iwo lea > conducted at a temperature of 

ratherHhkn 37 5 “ C The normal t.me spread at 37 5 C In 8 mm diameter tubes 
is eight to nfteen minutes 
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A laigL senes of picsurmil)l\ noiniil iiulnidiials ncio tested aud it was 
found t)int tlio spiead ot noimal filinn appeal nice time fell uithiii fne to seieii 
niiniitLS 'Wlieii lepcaled tests weu iiiii with a single iiidnidiial the laiiatioii 
« as approMUiateh Ihiits seconds 

i senes of patients leeening hepaiin «as tested sniiultanioush I'lth 
the fibrin appeal aneo time detciminntion and the Lee '\\ lute coagulation time 

a 

5 




MIN POST HEPARfN 


FIc 4 — Heparin tolerance test 
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method Theie was a rough con elation between the two times but a constant 
relationship was not apparent (Table I ) 

In an additional attempt to establish a strict con elation, 20 mg of heparin 
(Liquaemm) weie given mtravenouslv to a subject, and at predetermined m- 
tervals tnphcate tests vere nm both by the Lee-WTiite coagulation tune method 
and the fibnn appearance time method Again the times were roughly parallel, 
but theie nas no precise constant (Table II ) 

Oui attention was focused on the alteration of fibnn appearance time by 
hepaiin adimnistration Fig 3 presents the findings obtained when 10 mg 
of heparin (Liquaemm) neie given intravenously to a normal individual Three 
houis following tlie initial dose of 10 mg , 20 mg vere given intravenously The 



Fig D — Effect of temperature on clotting time 


prolongation of the fibnn appearance time was immediate in both instances, and 
subsequent drops in the fibnn appearance time progressed in a linear and paral- 
lel fashion as the effect of the drug diminished Pig 4 depicts a similar test in 
another normal subject, substantiating the fact that among presumably normal 
mdivi duals there is considerable differ ence of response to heparin In the sec- 
ond subject the initial prolongation of the fibrin appearance time was much 
greater and the subsequent fall-off was moie rapid 

It was found that if heparin is given after a lapse of several daj's, the in- 
dividual's response may be markedly altered (Fig 4) Seienty-ti\o liouis 
following the mitial mtra venous hepami dosage, 20 mg of Liquaemm were 
given intravenously The mdiiidual’s response had been markedly altered 
Height and duration of the cui ve had diminished 
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In Older to doteirmiie the imjioitaiice of tcmpcntiiie eoiitio! repc itcd fibnii 
-ippcirance time dctcinnnatioiis ucrc made on the same indiMclual ind 'lore 
carried out in a 'uitci bath tu which tcmpcratuie was enmed fiom 20 to 40° C 
(Fig 5) At the lower tcmpciatures the expected piolougntion of the fihnn 
appoaniice time oecuued® At 30“ C the lime leaehod its shortest intennl 
but as bodi tcmpeintiirc was appioiehed it again lose Just abo'o noiinn! 
bodi tcmpeiature it ngaiii fell bad to low kids Icteling ofl at 40 to 45° ( 
What significance this ohsciiiitioii mm haic is uiiKiiouii but il does gne use 
to speeiilatioii as to whothei tiu same phenomenon oeciiis in m\o as in iitro 

SI M M \R1 

A method fm the dctoiiiiimifioii of fibiin foiniation time based on the dii 
fusion of thronibin into a filnmo^m sohilion is desenhed The method appears 
to reflect more acem nteh hopnim iilnili in ino th iii the eonientional clotting 
time determinations The imthod lends itsilf to hepiinii studies on small am 
mals more leadih thin the lie White method D ita ptesented siigacst the 
possibiUta of the doiclopiiient oi m imieisid lolcionec foi liepaun on pen 
odicalh repeated intiaiinoiis <losii-< Il ippeiis Hint fibnn appeal iiiec time 
lanes shnrph with in iitio tcmpci itiiiis iliaf arc within plusiologic limits 

llU H V SI. 1 s 

! L«o I! I unit White 1 11 1 < lim il siuUi uf ilic touBuliition limo o£ Blood A,m 

r Jt Sc 145 HO ton 

- do Takats G jtepann rolcrantt surj, time t Olpst 77 31 3043 
1 Simpson S ami IJaBmussen \ 1 riic tOeit ot leniperaturc on Blood Coagulation 
Time Quart J Fsper Physiol 10 ISO loic 



A SIMPLE MIXING AND SHAKING APPAKATUS 


Thomas P Prawlea, MD and Charles W Bishop, PhD 

Buffalo, N Y 

T he aeeompanvmg pliotogiaph (Pig 1) illustiates a simple, lUgged, poi table, 
inexpensive mixing and shaking appaiatns The development of this ap- 
paiatus ivas an ontgioiAth of investigations into ketone body metabolism involv- 
ing the use of the mieiomethod of Gieeiibeig and Lester foi the determination 
of acetone and ketone bodies i Howevei, its usefulness has since been extended 
to seveial othei laboiatoiy methods These applications and the potential 
utility of such an appaiatus in a laboiatoij haie piompted this deseiiption 



Fig 1 

The appaiatus consists of a seiving machme nhich has been modified to 
giie both a leitical tjpe of shaking motion and a lotary tjpe of mixing motion 
Seveial containeis can be managed simultaneously in only one or in both of these 
motions The adaptation of a sewing machine to give mixing by the technique 
of im ereion n as heietofoie unknoivn to the authois 

From the VIedical Research Laboraton of the Buffalo General Hospital 

Receded for publication Aug IS 1948 

•Ciba Fcllon in Medicine Llnhersity of Buffalo School of Medlcmo 

-rGreenbere L A and Lester B Micromethod for Determination of Acetone and 
Ketone Bodies J Biol Chem 154 177 1944 
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V DEStniTiON 01 a Hr \pr\R\Tus 

An old foot operated sen mg asscmblj wab l•emo^cd ttom its base and fitted 
to a small ^vooden pistfoim so that U tonld he placed on a Isborators bench A 
wrculai nooden disk, 10 2 inches m dnmctci and 0 7 inches thick nas then 
bolted to the du\e wheel The disk contained eight cquallj spaced small, utiliti 
clamps from 'nliieh the damp holders had been icmoted The damps were 
located one inch fiom the pciiphtii of the disk and fastened in place mth the 

custoniau locking bnss wing nut aecompanj mg clamps of this tj pc The disk 
"as in turn rotated In a simll motoi of the tjpi, commoiih used toi oomertmg 
sewing machines (Ihg 2) 


A SIJIPLE MIXING AND SHAKING APPAEATUS 


Thomas P Pr vm le\ , j\I D Charles W Bishop, Ph D 

Buffalo, N Y 

T he accompanying photogiaph (Pig 1) illustiates a simple, rugged, poitablc, 
inexpensive mixing and shalnng appaiatus The development of this ap- 
paratus Mas an outgioM'th of investigations into ketone body metabolism involv- 
ing the use of the mieiomethod of Greenlierg and Lestei foi the determination 
of acetone and ketone bodies t HoMmvei, its usefulness has since been extended 
to se\eral othei laboiatoiy methods Tliese aiiphcations and the potential 
utility of such an appaiatus in a laboiatoiy liaie piompted this desciiption 



Figr 1 

The appaiatus consists of a senung machine M'hich has been modified to 
give both a veitical tipe of shaking motion and a lotaiy type of mixing motion 
Seveial coutaiiieis can be managed simultaneously in only one oi in both of these 
motions The adaptation of a sewing machine to give mixing by the technique 
of imersion was heietofoie unknown to the authois 

From the Medical Research Lahoratorj of the Buffalo General Hospital 

Recenecl for publication Aug 18 1948 

•Ciha Fellow in Medicine Lnnersitv of Buffalo School of Medicine 
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Ketone Bodies J Biol Cliem ni 177 1944 
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AN ELECTRONIC APPARATUS I'OR RECORDING BLOOD PRESSURE 

D\md I' AL^rsii PhD 
Horn \NTo%\N, W Vi 

M ANV biologic assais and pininiaiologic inxcstigations depend on the meab 
uremciit o£ the mean aitcml blood picssmc Tins is connnonh ucoin 
plislicd b\ the use o£ the Lndwig meiuirv manoinetci writing on soot toNutd 
papei The soot cot eted paper is nnsst, diflicult to label and susceptible to 
cracking or sticking during stoinge depending on the ttpc of fi\ati\e used 
Altliough the disadvantages of the soot and sitliis proctdute can be partlj otii 
come bt the use of a writing point using ink tins device leqiines constant attcii 
tioii to keep the ink reservoir filled and the lecoiding paper must ht lun tanlv 
rapidlv to avoid having the ink snieai and lun 

BTtli sufficient patience and capcricnce satisfactorv lecords can bt obtained 
vvath cither of these ttchniqucs but the mcrutiv niauomtter suffers the additional 
faults that a fanlv large hole must be made in ,a major aiten that some blood 
loss 13 alvviivs involved and that an anticoagulant must be used These factois 
make the use of unancsthctizcd animals oi small animals difficult Some of tliesc 
defects can be ovcuome hv the use ol the riibbti diaphragm manometer but 
the device is nonlineai in response and possisses tlic same recoidmg defects 
Tile Hamilton’ and ttiggers optical ictordmg manometei's aip precision 
instruments that give a tnie lecoid of sjstolie and diastolic blood pressure fioni 
vvluoh the mean arteiial prcssuic can be calculated Hvpodemic needles are 
used foi cannulas and blood piessuic can be measuicd vnthout the necessitj of 
making large incisions These devices aic difficult to set up and to maintain in 
operation, must be used in paitial daikness, and since they record on photo 
graphic paper there is a consideiable time lag between the administration of a 
drug and observation of the icsults Rcccntlv Brannstem and co workers’ have 
suggested the use of strain gage manometers recording through a string type 
clectroeardiogiaph, but this also suffers the difficulties inheicnt in anj method 
of photographic recording 

All of these difficulties can be ovcicomc bj the use of the following appa 
ratus, the components of which are commercially available A Lambert "Wood* 
strain gage manometer* has its two input terminals connected to a 75 volt A 
batter} and its output terminals connected to a General Electric photoelectnc 
tJTie recording mieioammeter f Bj reducing the size of the plastic head on the 
manometer and using a hv podermie needle adapter instead of a tubing connec 
Lon,- It IS possible to mount the manometer directly on the animal This has 
obvious advantages when it is desired to expose the animal to artificial changes 

ReceUed for putlicatlon Septa 1 1948 

^ t arious models and pressure ranees axallable from Statham Laboratories Los Angeles 
'-aljf fhe Illustration a modified P8 8 350 

tBureess G 5 Burf.esa Batters Compan> Freeport lU 
_ . IPhotoelectric Recording Microammeter Model 8GE1IM15 from General Electric Company 
t'Chenectadi ^ y The gCElIXJll has also given good results 
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Fiff 1 — Left to right lecording mlcroammeter batterj for strain-gage pressure bottle 
containing heparinized saline for Hashing out manometer and modified t^mbert-Wood strain- 
gage manometer The hspodermic needle cannula is coated ivith General Electric Dri-film 9987 
1 silicone resin to loner the Incidence of clotting at ‘he tip 



Vie ■> Tipical record Dog <11 kilograms male 330 mg sodium barbital pci Kilo 

-ram intraneritoneatU ) Strain gage manometer in left carotid arterj mercurv manometer 
connected to right carotid arten Fisc micrograms of epinephrine (ba^) per kllofmam gl\ en 
at n a and 1 mg Propadrine h>drochlorJde per kilogram giien at PROPADRIXE Time 
lerucal' lines minutes pressure horizontal lines 4 mm Hg units Sections of the mercurv 
manometer record run onU one-fifth as fast, ha-ie been superimposed for purposes of com- 
parlson 








rLfCTioMC vri vrvtus ioh RrconoiNt dlood prfssui f 


145 


of cmii-onnient as onh the clcctritU connection to the lecoidei need be luii 
outside of the o\perimcntaI (.Iminbci Since \cn little \oluine exchange occni-s 
until this t^pc of innnoiuctci, no blood loss noi intiodiietion of lai<,c niiiounts of 
nnticonguhint solution need occui and unnncsthetizcd animals can be used and 
pressure measured as or ns ficciueiith as iioccssnn The dence Ins been 

used to nicnsiuc tlie blood picssnie of i its labbits guinea pigs cats ind dogs 
With snitnhlc precautions as to stcrilitN of the cannula and solution it could be 
used in man 

The recording microammctci is simple to operate, luggcdh constnicted and 
poitabic The ink written record is ah\a\s Msiblc and annotations can be made 
on it in ink oi pencil at nin time It is not subject to destiuction b% folding 
ivanuth, oi seiaitcliing as aio some of tlie clcctiol>tic and jilastic recording 
papers, and it can lie cnsl]^ mounted with glue or nilibci cement The lolls aic 
a\ailablc with \niious rulings or plain \aiious gciu tiaiirs aic a\ailnblc so 
that almost am dcsiicd rate of mo\emcnt of the ucoidmg papci can be obtained 
Bj choosing fiom the main liisic instrument mo\cments a\ailnl)lc and matching 
with the stiain gage scnsituiti almost am dosiicd deflection sensitnit^ can be 
obtained If nccessan, tlie scnsltl\lt^ can lie incicascd b\ using a Inghei voltage 
batten oi decreased b\ the use ol a low ohmage \anal)lc icsistnnce between the 
manometer and lecoidci The olectionic encuil is slow cnougli that damping 
of the s^stollc diastolic picssuic to an intcgiatcd tiacing of the mean aitcnal 
blood piessuic occui's, and the minoi fluctuations seen with llic mcicui^ manom 
cter arc absent 

SUMMAR\ 

The di&ad\antagcs inhoicnt in the common methods of the measurement of 
mean artciial blood picssuie can be o\crcomc b^ the use of a LambeitWood 
strain gage mnnonietei and a poitabic iccoiding micronmmctcr 
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AJSr OPTICALLY RECORDING BUBBLE PLOW IMETER ADAPTED FOR 
MEASUREMENT OP RENAL BLOOD PLOW 

Ewald E Selkukt, PhD 
Clcteland, Ohio 

T he principle of measurement of the mean rate of blood flow by timing the 
passage of a small an bubble intioduced into the blood stream of an organ 
was fiist used by Soskm, Priest, and Sehutz ^ Blood leaving the femoral vein 
of a dog passed through an external circuit of glass tubing of small bore 
Knowing the exact Amlume fiom the point of entianee to the point of exit of 
the tubing and the time of passage of the bubble between these two points per- 
mitted calculation of Aolumetnc flow Dumke and SchmidU have moie re- 
cently emplo 3 md a modification of this principle for estimation of cerebral 
blood flow bj' measuimg arterial inflow, and the same apparatus has been used 
for coronary arterial inflow measuiement ^ Both devices have required direct 
visual obsenatiou for timing liubble passage However, when measurement 
of renal blood flow is to be made in dogs, lates up to 200 c c per minute are 
not uncommon and time of bubble passage is correspondingly brief To in- 
sure complete accuracj a photoelectric cell was incorporated into the present 
modification to measure the time of bubble passage This has the additional 
advantage that it can he used to actuate an optically recording galvanometer 
so that flov. can be registeied Simultaneouslj'^ with blood pressure measurements 
on the photokjTnogiaph 

Desciiption of Appatains — (Numbeis in parentheses refer to correspond- 
ing parts of the apparatus pictured in Pig 1) The main circuit consists of 
Lucite (Plexiglas) coiled tubing of about 3 mm internal diameter and 60 cm 
length Blood enters and leaves the tubing through a Lucite block through 
vliich the bore of the tubing is continuous (fO) A metal plate containing two 
slots directlj^ o^ ertying the continued bore of the tubing covers the Lucite block 
Through these slots light from a 6 volt auto lamp (5) is transmitted to an 
underhnig photoelectric cell {11) Air from a reservoir luider pressure some 
what higher than carotid blood pressure is introduced at (5) via a thiee-way 
stopcock (5) into a 2 cc sjmmge (5), and from this volumes of about 0 3 cc 
are injected into the inflow limb of the meter Passage of this bubble under 
the “entering” and “exit” slots suddenly transmits light through the column 
of blood to the photocell This impulse is amplified by a G E Victor elec- 
trocardiograph, causing the mirror of an auxiliarj^ galvanometer of the torsion- 
string register a deflection of a light beam (see record, lower part of 

From the Department of Phjsiologa Western Reserve TJnherslty School of Medicine 
This inv cstlsation receUed financial support from the Council on Pharmac> and Chem 
Istr'. American Medical Association 
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^ — Top optically recordlnp bubble non meter uttllzlmj photoelentrlc cell to record 
nine of bubble passacc The numerals refer to various parts which are de crlbed Jn the text 
j, Bottom opt/erxf record showinff (from above downward) manometer ba'ie line renal 
It. Pi’GBsurc and galvanometer record showing char'icterJstic denections as bubble passes 
entering' and exit slots of meter t oliimc of the flow meter circuit between slots Is C 
r®-,«»’nce obserced /loio Is 6/ •<4 X CO = 147 c c. per inln corrected fio\Q (fiom Fig 2) 
13 130 c-c. per minute 

1) Tile air bubble ib tbeii captured m a flap made fiom latge diameter 
glass tubing with a side aim {3) As an accumulates it is leleised through 
a stopoocb (i) 

Measuiement of the rate of arteual inflon is pioiided for bj eanniilation 
a carotid arterj and connecting with lead tubing to the infioiv coupling 
of the meter (4) The blood leaies tlie meter at (S) which connects directlv to 
A metal “L” cannula (not shown in the figuie) suitable foi canmilation of 
Ihe renal arterj At this point anotliei coupling (7) permits connection to 
“o optical manometer of the Gregg tjpe for rcgistiation of renal arterial 
pressure 
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No piovision has been made foi constant tempeiatuie legadation of the 
flon metei At noimal lates o± lenal blood flow, tempeiature drop acioss the 
meter js hardlj perceptible Irrdeed, for a flow of 42 c c per minute, a tem- 
perature dio]! of onh 0 25° C was noted with ambient temperature of 23° C 
Any cooling of the aiiiiiial can be prevented bj*^ rise of a warming board 

Cahhudion of the Insfiument — To calculate volumetric flow, the exact 
rolunre of the floA^ ureter from mid-point to mid-point of the “entering” and 
“exit” slots must be knovn Time of passage is obtained from the electrical 



Fip 2 — Calibration graph sho^vln^ the relationship of obsei\cd flow to direct volumetric 
flo\N The dotted line indicates perfect con elation 

timing derice of the pbotokrmogiapb It nas found that the an bubble tiac 
elect somenbat faster than the total column of blood, making the obseiwed flow 
faster tlian the simultaneouslv measured volumetric outflorv Tins is a Imeai 
1 elationsliip directly piopoitioual to the late of flow and the total length of 
the floW'Ciieiiit Hence a cabin atioii cur re of the tj^p^ illustiated in Fig 2 must 
be constructed bj making simultaneous diiect flow determinations rrith bubble 
florv at diffeient rates Ileniatociit concentration does not appear to signifi- 
canth" influence tins leJatiousIiip as sliorvn nr Fig 2 

The Effect of the Bnhhle Metej on Renat Aitenal Picssine and Pulse — 
Tlie blood meets resistance to fiorr in the meter circuit, causing mean renal ar- 
terial pcriusion picssure to be less than mean srsteiiiie aiteiial pressure The 
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jircssure dio]) iii tlic Biclti used licie is 16 hub Ilg Blien blood floBS tiirougli 
the meter at a late of 100 cc pel inmute (a\cnge licmntocnt leading 38 
per cent) Pulse piessuio aieraged 18 null Ilg foi a minibei of obseriations 
at an niei ige licait late of 1 lO pei iiiiiiutc Due to the damping eftcot of tlie 
meter tlieie is a elmngi in noimd i iiotid pulse contour lesulting in a moic 
giadual use of the pulse and a eoiisidti ible dninpuig of the iiieisiiia (Pig 1; 
As air aecuinulates in thi hiihbk tnp the eh iiigc in contom heeoiiies mon 
marked, linalh gnin,. a triui^ulai conloui uith no incisnia accompanied In 
furtlicr 1 eduction iii iiiilsi jiressiiie 



Picpamtion of Aitimal — Dogs aiiestlictized uith 30 mg per kilogiam of 
liodi weight of pentobaibital sodium admiiiisteied intraienoiislj, nie used 
Utilization of the arteiial iiiflou piinciple necessitates exposure of the left 
renal aiter^ b) a dorsal letropeiitoneal approach About 1 cm of the reual 
»rten close to the abdominal aorta is dissected free of nene fibers, if this is 
done caiefiilh thea need not be inteiiiipted Befoie canmilatioii of the ai 
ten, the animal is hepaimized avitli 4 iiig pei kilogiam of boda weight prim 
>'>g dose, and a total of 5 mg of hepaiiii is giaen eaen half hour theieaftei 
Cannulation reqniies first ligation of the artera close to the aoita before incis 
'^g The leiial cannula is then introduced towaid the kidiiei aud secured with 
« second ligatnie Total time of tins pioccdiiie should be less than one minute 

Pepi cscntahi c Residls — Prom canons ohseicatious made on a number 
“t annuals, onlc two illiistintice ecpeiiments demonstrating reflex effects on 
flow are pieseiited heiewith (Fig 3) 1 shoevs decicased flow accompanying a 

pressor lesponse following cential sciatic nerve stimulation in one animal, and 
P shows a phase of i educed flow aecompanc ing a pressor response diirin,. 



150 


SELKUBT 


stioug cential A^agal stimulation Since flow is reduced while arterial pres 
suie IS elevated, active reflex vasoconstiietion must be occmring in the kid- 
ney This pioves the intactness of the renal neive supply 

CONCLUSIONS 

Ad-^autages of the oiitically leeoiding bubble flow mbtei are (a) it le 
colds mean flow, and leadings can be veiy rapidlv repeated, eg, every five 
seconds, (b) moderate amounts of hepaini can be used, foi clotting is minimal 
on the nonwettable surface of the Lucite tubing Furtliermoie, small amounts 
of fibiin formation should not change the calibration of the instiumeiit appre- 
ciabl} This is not the case with other cuiientlj^ used optical flow meters such 
as the lotametei With this, anticoagulant djes such as pontamine fast pink 
and cliloiazol fast pink aie rcquiied as an adounct to hepaiin These dyes 
aie not without then effect on renal blood flow (unpublished obseivatioiis) 
The disadvantage of the piesent dcMce is that theie is appieciable loss 
of peifusion piessuie thiongh the meter and some damping of the pulse pres- 
sure Observations here indicate that while i eduction in pulse pressure does 
not influence renal blood flow, decrease in mean perfusion pressure will ob- 
viously reduce flow to some degiee Accordingly, the best use of the instru- 
ment is foi measuiement of changes from control value resulting fioin neuio- 
genic or humoral and drug action, paiticulaily when expeiimental changes 
are rapid 
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in AroPiiiu V Liivi ni&rvsi inm\oa[l\ 

Ki roPT 01 Two f \srs 

IIiNMi-TT Af 1) wnRismri L Hvdi-n aid 
f f F\i I \\D Ohio 

W IILTIiri? 01 Jiot IiGinopIniia cnn otciu in ^\()nuM lins ne\Li Iieeii con 
clusnch (letcnniiiod Tlcinophilui is i distasi chanctciized 1>\ dela\cd 
clotting: of the blood is tinnsmittcd fhioiiph wonun and occlll^ tKcInsntlA 
in men ITo^\e^ei alow tas<s uhn h < Imicallx usciublo Iicinophilii in uomen 
h'i\e been lepoitcd AVe Iini urenth tnoonnte i(d two such patients 

CvsF 1 — wnnmn ige<l -10 uis first <cn on Jan 31 3945 with tho complaint of Ufl 
lien licmorrlmgc into tho ha*'© of her longue that mterforcfl iMtIi eating and caused pani 
and diiBculta upon Rwaillowing ^hc ha 1 fir t noted large licmorrlmges into the subcutaneous 
tL^«uo of licr right arm i\ith some swelling and pam in Vugust 1944 These multiple area** 
of ecchjTnoses lind oppenrej several dnvs subsequent to a bee sting on her right hand 
irhich resulted in severe local redfic«is and svrelling Tlic sijbcutancous honiorrlingcs had 
continued and one week Inter had spread to involve tho left arm in a similar fashion 
She had noted hematuria on one or two occasions and some bleeding from tlio mouth 
The episodes of honiorrhige contimud with variable frequenev involving various portions 
of the bodj 

The patient^s father had died at the age of 77 of arteriosclerosis and her mother was 
living and well nt tho ago of Two brothers aged C2 and C4 woro alive and well and 
no siblings were deceased There was no family historj of abnormal bleeding or bruising 
for at least two generations Tho past medical historv was negative evcopt for scarlet 
fe'er at the ago of 24 which kft no sequelae The patient had had one miscarriage 
followed bv fue normal birth'*, the last being in Afav 3944, without abnormal bleeding 
Her menstrual periods liad alwavs been regular everj tweiitj eight dajs lasting five davs 
Without evcessive flow 

Physical examination was entirclv negative except for manj large subcutaneous 
hemorrhages over tho entire bodj Tlio Hborator> findings arc summarized in Table II 
Eternal puncture disclosed an crj throblastic marrow but was otherwise negative 

From Januarj 1945 until April 1945, the patient was given six intravenous injec 
fions of plasma bj her own phjsician Sho thought she was much improved during this 
Penod In April she sustained a largo bruise on the forearm following trauma but the 
“ipontaneous hemorrhage in general was much less frequent Hemorrhagic studies made m 
January 1946, are summarized in Table IT In March she delivered a normal child an 1 
showed no tendenej to abnormal bleeding In June following extraction of a tooth, con 
knuous oozing was present for two days and her entire jaw became black” for a fev\ 
^a}8 then returned to normal She was observed again in August with no evidence of 
bleeding or bruises 

Prom the Dlvl Ion of Internal Medicine the Cleveland Clinic and tlie Frank E Bunts 
educational Institute 
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Table I Comparison of Patient’s Biood With That of Normai and Hemophilic Subjects 


2 C C JVHOLE BLOOD 

1 

0 1 C C PLASMA 

1 

COAGULATION TUIE 

N 

+ 

0 


9 min 

P 

+ 

0 


130 min 

N 

+ 

P 

— 

9 min 

P 

+ 

N 


30 min 

H 

+ 

O 

— 

57 min 

H 

+ 

N 

— 

12 niin 

H 

+ 

P 

=: 

57 min 


N noimal patient H hemophilic patient p patient 


Table II 



JANUARX , 1945 

JANUARX , 1946 

AUGUST, 1946 

Tourniquet test 

Neg 

Neg 

Neg 

Platelets 

620,000 

380,000 

370,000 

Coagulation time 



(4 test tube method) 

1 hr 56 mill 

19 mm 

15 min 

Coagulation time 

Eeealcified plasma 



3 min 20 sec 

Slow 

21 mill 

3 min 

Past 

29 min 

4 min 15 sec 

6 min 30 sec 

Bleeding time 

3 min 

6 nun 

6 min 

Clot retraction 

Normal 

Normal 

Normal 

Prothrombin time (Quick) 

15 sec (normal 15 


16 sec 

Pibrinogen ^ 

Calcium 

Wassermaiin 

BBC 

sec ) 

490 mg /lOO ml 

9 4 mg 100 ml 

Neg 

3,100,000 

4,410,000 

4,650,000 

WBC 

7,000 

5100 

4,100 

Hgb (Haden Hausser) 

9 3 Gm 

12 Gm 

12 5 Gm 


Case 2 — A tvoman, aged 33, ttas admitted on Pel) 14, 1944 In Tanuan she had 
noted some stvelling and tenderness of one of the finger joints, tvhich ttas interpreted as a 
mild arthritis at the time She denied anj traumatic factors Later there had been cvi 
dence of bleeding in the area of the joint, followed bj a similar swelling and tenderness 
of the right ivrist with hemorrhage extending up the right arm There was subsequent 
ln^ol^ement of the left ankle and left leg, with large hemorrhagic areas o\er the entire 
left leg and foot During this period the patient had epistaxis on several occasions fioiii 
the right nostril ouh, usualh occurring in the eaiU nioriiiiig or associated with reclining, 
and persisting from fi\e to fort) minutes The flow was bi drop rather than In stead) 
stream and had ne\ei been difiicult to control Hematuria had been noted for one week 
in January, but this had cleared spontaneouslj and had not recurred Associated with 
the appearance of ecchj moses and bleeding into the joints, the patient had noticed pro 
nounced malaise and plDSical weakness and had become unable to carr) on her household 
duties 

Famil) histor) was negatne, and careful (luestioning did not receal ecidence of an) 
familial hemorrhagic teiideno on either the maternal oi paternal side There weie nine 
maternal and eight paternal siblings and two sisteis of the patient, both of ))hom were 
born deaf but were otherwise normal The past medical histor) )) as entirel) normal On 
Ian 19, 1943, she had deli) ered a normal bab) bo\ aftei full term pregiiancj with no un 
usual loss of blood There had ne\er been uii) abnornialit) in the menses 

Phjsieal examination was entiiel) negatixe except for ecclDinotic aieas about 
tlio right elbow, inside the right and left thighs, and on the left ankle Theie were no 
manifestations of joint iinoUenient No petechiae ivere present 

In March, 1944 the patient ))as gixen 250 ml of Ixophilized plasma b) intraxenoiis 
infusion The coagulation time was reduced fiom two hours and fifteen minutes to one 
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Iiour and thirlx mumtis flu** jrocttlurt was rcj catod a fo^^ dn^H later and no reduction 
III the conj,ululioM tiiiio oli or\td \\ hen he wan last jaecn nt tin Clinic in Septeniher 
1 >44, the cimnilntioir luiit ^Nan onU oiu hour and fort\ five niinutc'! V telephone con 
vtrhnlion in VURUit, IJMO revialo*! thni ho wn«» continninf, to have eccIiMno es and minor 
joint i»Mnptoni<i Flic Inhoratnrv data an umnianrcd in Table ITT 


Tvbll UI 


1 

HUl I \i \ 

1 Mvrcii, 

AUGUST, 

bFI'TLMBEP 


1444 

1 1044 

1944 

1944 

Tourniquet t(^t 

Nig 




Platelets 

Coagulation tune 

4*10,000 

3o0 000 



(4 teat tube iiiclhml) 
Coagulation time 

- hr 4 i min 

1 hr lo min 

1 hr 50 inin 

1 hr 45 min 

Ib'cnlelfinl plnanm 





Slou 

10 nun 

12 min 



Font 

-j mill 

21 mm ' 



Blectling tunc 

1 nnn 

1 nun 



Cloth retraction 

Jvornml 

1 Normal 



Protlirombm time 

in <ie« 

! 10 nig /1 00 ml 

1 

17 ec (nor 

1 mnl 15 

1 •see ) 


Calejum 




Hn nermann 

N<h 




UBC 

14 040 000 

o ISO 000 

4 OjO 000 


BBC 

17 300 

C200 

5 3j0 


Ifgh (Ilmlen Tlnup er) 

1 1- I Cm 

1 n Gm 

1 115 Cm 



DlSCLS^tlON 

In tlie pnst si\tctii \eni-s nt th( ( IcAclniul Clinic this ttpe of hemorihagic 
ilnithcsis occur! itif, in fciiinlc patients has liccii ohseiccd on onh t^^o oc 
casioiis It IS uiuloulitcdh n inu eoiidition Ncxcithclcss esc heliese that 
*lns hcmoiihntie piohleiii occuis iiioic ficqmntls than is lealucd Imt lemains 
undiagnosed It is iiitc listing to speculate ns to nhethei oi not such nomen 
hleeclci*s hasc tlie same ndiciciit defect in the Idood is that pieseiit ni tiue 
heieditais hemophilia 

Bullock and I ildes,^ in a suiscs of GOO hemophilic families could find no 
C'ldciice of the disease among the female suhjeets Bn eh’ ni the United 
States icsiessod seseuts eight hemophilic families and could find no affected 
11 omen amoiig them Others^ have made similni lUi estigations and haie 
found 110 tine female hemophiliacs Bucuia' collected 197 cases of female 
hemophiliacs" fiom the liteiatnie hut he found the eiidciioe cquiiocnl 
and incouclusii e foi such a diagnosis ni all of the cases -Is Quick® points 
out all of the eases of so called hemophilii in iiomen, antedating the leri 
lecentli lepoitcd ones, must he lestudied iii tlie light of iiewei diagnostic 
proceduies and the diagnosis cannot lest on histoij and a prolonged coagnla 
tion time of the blood alone According to Quick' ‘ It is estiemeh doubtful 
whether a tine case of hemophilia has e\ei oceuiicd in n uoman " 

In 1945 JIadison and Quick" described this disease entiti as ‘hemophilia 
like disease m the female and gace an account of a iioman aged 30 ivho de 
'eloped hemoirhage into the deep tissues of the hod\ and endenoe of 
htmatuiia She had a piolonged coagulation time, hut the coagulation time 
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of reealeified plasma was noimal She developed seveie hemoriliage into the 
tongue and the phaiynx which led to mechanical obstiuction of lespiration 
and subsequent death Autopsy levealed nothing othei than extensive hem- 
oirliage thioughout the body These authois also lepoited the case of a 
woman, aged 33, in whom hemoirhagic manifestations appealed one year 
following ehildbiith The hemoiihages weie foi the most pait supeifieial, 
with epistaxis and one attack of hematuiia The piothrombin time was 88 
pel cent, and the coagulation time was one hoiii and fifty minutes The 
family histoiy was negative Joules and MacPai lane’’ in 1938 described the 
similai type of bleeding in a 56-yeai-oId woman Following extinction of a 
tooth she developed hemoiihages into the subcutaneous tissue, hematuria, 
and bleeding into the tongue and joints She had a piolonged coagulation 
time 'When Russell’s vipei venom was added to the blood in the tube the 
coagulation time became almost noimal Othei cases of female bleeders, such 
as those lepoited by Kubo,® Schultz,® and Chaigaff and AVest'® lesemble 
hemophilia moie closely than they do any othei hemoiihagic disease It is 
obvious that these along -with the two we have lepoited, belong to an entity 
that has a coagulation defect in the blood not unlike that of tiiie licmopliiha 

AVhethei oi not an inhibitoi sulistance is picsent in the blood of hemo- 
philic persons accounting foi the hypoeoagiilability has not been concliisivelv 
deteimined Recently Tocantins^' has piesented evidence suggesting that the 
piimaiy distiiibance in hemophilia is associated with an excess of anti- 
thiomboplastm Othei s'® hold that the theoiy of an anticoagulant as the 
cause of hemophilia is untenable The presence of such an anticoagulant has 
been suggested as an explanation foi the hypoeoagiilability of othei hemoi- 
ihagie diseases Such an anticoagulant had nevei been obseived in human 
blood, liowevei, until Loznei, Jolliffe, and Tayloi” lepoited a patient with 
a piolonged coagulation time which they pioved to be associated with an 
anticoagulant in the blood Therefoie, these authois suggested that such 
bleeding pioblems be investigated and a seaich made for the piesence of an 
anticoagulant in the plasma Fantl and Nance” also have repoited a woman 
Avho acquired a hemoiihagic diathesis which they pioved to be due to a spe- 
cific antithiomboplastic factoi 

Following the technique desciibed by Loznei, Jolliffe and Tayloi,'® we 
liai e attempted to exclude the possibility of an anticoagulant in oui second 
patient Foi this expeiinient blood was obtained fiom a noimal donor and 
fiom 0111 patient The plasma nas piepaied fiom both blood specimens by 
adding sodium citiate to the whole blood so that the final citrate concentra- 
tion was 0 25 pel cent The blood was then centrifuged, the plasma ivas re 
moved and filteied tliiougli a Seitz filtei The normal blood had a clotting time 
of nine minutes When 01 ml of filtered citiated plasma fiom out patient 
vas added to 2 ml of normal ivhole blood, it continued to clot at the same 
rate of nine minutes This seems to eliminate the irossibility of the presence 
of an anticoagulant in the blood plasma as the basis foi the retarded co 
agiilation time 
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Tlie next o\]>oiimtiit ins mule uith blood olitnincd fiom the sninc pT 
tioiit a iioimal doiioi iiid a lieinopliilic piticiit The same tethiiique uas 
folioued III piepnimp tlu jilasma lieu 0 1 ml of iioimal citinted plasma 
«as added to 2 ml of hemophilK blood tlieic Mas au accekiation of the co 
npulatioii time fiom fifta seaeu imnutts to tMehe minutes Uiidci the same 
conditions 01 ml of iioimal tilialed plasma Mas added to 2 ml of the pa 
tient’s blood Theie Mas a similai leeeleiation of the clotting mechanism 
and the coagulation time uas ledueed fiom 130 minutes to thiiti miiiiites lie 
next added 0 1 ml of ]ilasnin fiom the heniophilie subject to 2 ml of blood oh 
tamed fiom the ]iatieiit The time itqniied foi the coagulation to occiii Mas 
not alteicd Kiiinining at fifti seieii iiiimites (These fixities aie summaiized 
m Table I ) These facts seem to iiiduntc that iioimal ]ilasmn contains a sub 
stance Mhieh is absent oi deficient m the blood of the hemophilic pel son and of 
our patient 11 hethci the difiiiint fu toi is tlu sinu in both instinces is not 
kllOMIl 

Sonic of tlu nioie lecenl moiI In I’ltel iiul lailm' ' ‘ iiid then as 
soeiates'" ’ has shown that iioimal cell flee Imnian plasma eontnins an aetiie 
piineiple whieh when added m sin ill amounts to hemophihe hlood piodiiccs 
iioimnl coagulation Jhis siibstmei is closiK allied with the glohiilin fiac 
tion of the plasma piotenis ind has been designated the glohulm substance ’ 
Thei Meic uiiahle to obtain it in am significant cpiantitj fiom hemophilic 
plasma IToMell* has confiiiiiod thcsi oliseiiatioiis hut picfcis to call the 
material plasma tluomhoplastiii Theie seems to be faiih conclusive on 
deuce that thcio is a deficieiici in the |ilnsmn of hemophihe patients Mhioh 
accounts foi the piolongatiou of the clotting time JIoic lecLiit imestiga 
tion suggests that this globulin fi letion acts ns the piogeiutoi of an enzvme 
sistem Mhieh plajs au as jet imltnoMii lole in the piocess of hlood co 
agulation In hemophihe (ilasma the cnzjaiie sjstem may he pieseiit in re 
duced amounts Along this hue Quick has leceiitlj piescntcd eiidonee that 
the platelets aie noimnl in hemophilia hliciating then eiujme in a noimal 
manner He ]iioposcs that this platelet enzjme acts diiectlj on the pie 
cui-soi of thromboplastin mIucIi lie designates tluomboplastiiiogcn Hemo 
philie patients thus lack this pieciiisoi thromhoplastinogen which is noi 
mails pi csent in the plasma 

AVe were therefore interested in seeing whethei anj disturbance in the 
plasma protein fractions could be dcmonstiated Emplonng the technique of 
Tiselius* we determined the sarious plasma proteins These arc leeorded in 
Table W In our first patient there w ns a low s alue for the total protein and 
for the albumin which could be accounted foi bj blood loss The globulin 
fractions and fibimogeii weie wntliiii the innge of iioimal although the alpha 
globulin was at the lowest laliie of noimal In our second patient the total 
protein was noimal the alhiiniin was noimal but the alpha globulin was ab 
noimallj low The beta ind gamma gloliiilni lud the fibiinogen fractions 


Lonffwortha" rnodiflcatlon of the Tiselius electrophoretic method A\ns used to estimate 
the albumin a globulin globulin and y globulin and fibrinogen in the pla ma Total protein 
V'llues Avere determined b> Pregl s modification of the micro Ivjeldahl method for estimating 
total and nonprotein nitrogen 
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Tabie IV Tiselius Proteiv Fraction atio\s (Gm /me ) 


NORMAL 

RANGE 

TOTAL 

1 

1 ALBUMIN 



y GLOBULIN 

FIBRINOGEN 

High 

7 82 

i 5 11 

0 66 1 

1 07 1 

0 91 


Low 

5 94 


0 39 i 

0 65 

0 60 


Case 1 

5 30 


oaor 


0 91 1 


Case 2 

0 40 


0 3H 

1 0 88 

0 72 ! 

1 0 28 


'Deflniteh low \alup‘3 


Aveie noiniAl Both of these piotem patteius can m'c believe, he consideied 
abnounal The alpha-globiilm fi action has lieen lepoited loiv in hypothy- 
loidism, and hypopitnitaiism, which neithei of oni patients had The sig- 
nificance of this disci epancy in tlie alpha-globnlin is not known 


SUMM 1R\ 

1 The cluneal pictuie in tivo cases of liemopliilia-like disease in ■women 
was smiilai to that found in tine hemo])hiho and the outstanding chaiac- 
teiistie was the piolonged coagulation time of the blood 

2 The coagulation time of lecaleified plasma, w'hich Quick-^ believes 
pathognomonic foi heniophilia, was positii c in loth patients 

3 'When noimal eitiated plasma was added to blood fioni one of oiii 
patients the coagulation ivas niaikedly acceleiated This is similai to the 
i espouse of hemophilic blood to noimal plasma 

4 Tiselius piotein fiactionation leiealed definite abnoimality in the 
alpha -globulins in one patient and suggestive but not conclusive eiideiice of 
abnoimality in the second patient We believe that these changes aie sig- 
nificant 

5 The possibility that some acquued change in the plasma piotein pat- 
tern might be the basis foi the coagulation defect in oui patients is sug 
gested The defect seems similai to that found in hemophilia 
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THE LYjMPHOCYTB 

SraDiEs ON Its ErLAiioNsaip to Immunologic Processes in the Cat 

Charles G Cr vddock, Jr , M D , William N Valentine, M D , and 
John S Lawrence, MD 
Rochester, N Y 

T he pait played by the Ijnnphoeihe and Ijonphoid tissue in the noimal 
physiology of the body and in the lesponse of the Uttei to injurious stimuli 
and disease states has been the subject of many speculative theories, but a 
suipiising paucity of ivell-estabhshed information exists in legaid to the func- 
tions of this ividespiead tissue It is quite appaient that the hmphocjte must 
be of consideiable signihcdiice in the geneial body economy if one but con- 
sideis the late of utilization and concomitant piodiiction of lymphocytes in 
the noimal animal It is leasonably well established that each lymphocyte 
must yield its metabolieally impoitaiit contents within a few houis after en- 
teiing the blood stieani^ = ^ Recent investigations have directly implicated 
the Ijnnphocyte and lymphoid tissue in nnpoitant immunologic functions — 
a 1 elatioiiship which pi enously had been postulated many tmies but never ade- 
quately substantiated expeiimentally Because of the great significance of 
such a concept in legaid to cleaiei iindeistanding of the body’s defense 
pioeesses, thoiough evaluation of the existmg knou ledge is essential 

Many and diveise sites of antibody formation have been implicated by 
diflfeient investigatois Retieulo-endothelial tissue has atti acted particulai 
attention in this legaid Thus Haiti ey* lepoited evidence of antibody foima- 
tion oeeuinng in the histiocytic cellulai reaction about the intiadeimal injec- 
tion of an aluminum hydroxide gel suspension of vaccima virus Expeii- 
nients by Topley’' in 1930 seemed to indicate that the “histiocytes of the spleen 
themselves foim antibodies oi some intermediate pioduet ’’ Similaily He 
Gaia and Angevine’’ found antibody in tissues iich in reticulo endothelial 
cells before any antibody appeared in the blood The inhibition of antibody 
resiionse by any procedure vhrch seveiely injures the cells of the leticulo- 
endothelial system®^® is fuithei indiiect evidence of the lole of the lattei 
in the foinration of antibodies Tissue culture expeiiments likewise support 
the contention that reticulum cells such as those found in bone marrow lymph 
nodes, and spleen are capable of producing antibodies In fact, Meyer and 
Loen enthal,^^ emplojang the labbit, lepoited antibody formation fiom cul- 
tures of omental milk spots, a tissue which contains only cells of the reticulo- 
endothelial tyjie The plasma cell has also been felt to take pait in im- 
munologic processes However, there is disagreement as to the piimary 

impoitaiice of the plasma cell in antibody foi matron 

This \rork ■nis performed under contract number AV-7101-enff-40 Tvith the Atomic Enersi 
Commission UnnersiU of Rochester 
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la spite o£ the <^l\elslt^ of opinion ns to the relntne impoitance of \ar 
ions tissues in tlic antiboih nieelnnism, iccciit findings revue the concept 
(hat Jimphoid tissue and its pioduct, the hmphoejte, aie fuiKHnieiitil iii 
the process ]n 1935 JEcMaster nnd Iludack' fiist repotted evidence of 
agglutinin foiimtion in the local Ivniph nodes draining the aiea of intra 
dcimnl inicction of antigen into mice before detectable antibodv appealed ni 
the blood Siiiiilai lesiilts latei were obtained in lalilnts ^ince then nuinei 
oils workers'' *' hav e concluded that hanpiiocv tes contain gamma globulin 
aud hence aic potential earners of antibodv protein Ehiich and Hairis” 
and Ilairis Gtinnn, Jlertens and Ehiieli" conducted experiments to show 
antibodv appeared in the efferent hmpli of the popliteal Ijanph nodes of 
lahbits aftci local intiadeimal injection befoic the use in serum antibodv 
titer Thea ilso pi csented ea ideiiee “ ' to shoaa that the antibody aa as actii 
alia contained aaitlim the lamphoiatcs and thea concluded that antihodj avas 
either niaiiufaetiiied in the cell oi aaas concentrated tliciem and tianspoited 
to the blood ba the laanphocyte 

Those concltisions are in shaip contiast to those reached ha Hehtoen in 
1911 This inaestigatoi folloaacd the rise in antibody titei in dogs aftei 
amputation of the leg into achich antigen had been injected subcutaneoiislv 
thiec to foita eight horn's preiiousla and found that the rise aias comparable 
to that m normal contiols These findings aaoitld indicate that other sites 
of anttbod} formation can fulla compensate for anj antibody aahich mav 
haac been piodueed tit local aicas draining the site of antigen injection, eaen 
though the latter haac been ablated Thea also indicate the rapidity aiith 
aahieh antigen 'aa as spiead throughout the body aftei the initial injection 

Dniigheil} Chase nnd White have pi csented substantiating evidence foi 
the piesencc of antlboda aaithin lamphocatcs ' Thej haae also extended the 
concept of pitiiitai'y adrenal coitieal contiol of lymphoid tissue stiueture and 
functioii to embiace contiol of antibodj icicase from tissue cells An an 
aljsis of the eaidence foi the concept of adrenal coitical hoimonal control of 
lymphoid striictiiie nnd function has been the subject of a previous paper ” 
and extensive 1 6 sunie of i elated aa ork avould be unaa arranted hei e There is 
bttle doubt that inci eased availabilitv of C 11 oxjgenated adrenal coitical 
steroids is associated aaath definite histologic dcgcncratiae changes in laanphoid 
tissue Hoaaeaei, theie is marked disagreement concerning the influence of 
these hoimones on the functional capacitj of lymphoid tissue In some animal 
species adieual coitical lioimone seems to infliienco the peripheral blood 
Ivmphoca te count " In other species proof of a specific influence as yet 
forthcommg ’ = And in man there is at piescnt conflicting eaidence in re 
gard to the existence of a pituitary adrenal cortical mechanism for regulating 
the lea el of cneulating blood lymphocytes The hematologic pictuie in pa 
tients aaitli Cushing’s oi Addison’s disease' suggests a possible lelationship 
betaaeen the relatiae numbei-s of laaiiphocj tes and the activity of the adrenal 
cortex In absolute numbers however, the alteiations in lyanplioeytes are 
not as striking as the differences in the polvmoiplioiiucleai leucoevtes and it 
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IS difficult to evaluate the nonspecific secoiidaiy effects associated ivitli the 
geneial metabolic distui bailees in such conditions In the hands of some ni- 
vestigatoi s'’“ a significant Ivmphopenia has been found to oecui in patients 
ivith 1101 Dial adienal function aftei the admimstiation of adienocoiticotiopic 
hoimoiie Otheis"' liai e not ol seiied any hematologic alteiations specificalh 
lefeiable to a diiect action ot adienal hoimones on lymphoid tissue No in- 
clement of SCI 11111 gamma globulin oi augmented antiliody i espouse has been 
found to folloM the admimstiation of adienocoiticotiopic hoimone ni human 
beings, as lepoited by Dougheitj and ’White'’”' in animals 

The influence of adienal eoitieal hoimoiies on the late of pioduction of 
lymphocytes by hmphoid tissue is also contioyeisial Rome ivoikeis^® have 
lepoited a significant leduction iii the iiumbei of thoiacie duct lymphocytes 
piodiiced pel unit of time aftei admimstiation ot pituitaiy adienotiopic hoi- 
raoiie Data collected m this laboiatoiy failed to show ani significant effect 
of adienal eoitical lioimonc on the late of pioduction of lymphocytes in noi- 
mal and adienalectomized cats 

In spite of the lack of eoiichisiyc data conceining the iiifliieiice of adienal 
eoitical hoimone on the pioduetive capacity of Ijmphoid tissue, consideiahle 
eiidence exists to suggest that alteiations in availability of adienal eoitical 
honnoiie aie of impoitanee m the immunologic i espouse of animals^-’-® 
Dougheity and co-ivoikeis havi lepoited an appieciable augmentation of 
seium antibody titei in mice by injections of adienal eoitical hoimone or by 
exposuie of the animals to laiious noxious stimuli designed to piomote in 
01 eased hoimoiial seeietioii In the adienal coitex, such as loentgcn ladia- 
tion « « 

Othei imestigatois haie not all been able to demoiistiate the potentiating 
influence of adienal eoitical hoimones on antibody foimation Expeiiments 
peifoimed in tins laboiatoiy in connection A\ith the effects of x-iay on im- 
munologic piocesses m labbits''" failed to shou any’^ alteiation in the level of 
seiuin antibody^ by^ exposure to eithei small oi laige doses of x-iav, in spite of 
maiked destiuction of lyunphoid tissue Eisen and associates,"'® using quan- 
titative seiologic methods, could detect no alteiation in seium globulin oi 
antibody as a lesult of alteiations in availability of adienal eoitical hoimone 
111 mice Houghton and eowoikeis^-’ could not find any impaiiment of the 
1 espouse of cats to antigenic stimuli by adienalectoiny, and Miuphy and 
Stiiim.^® obtained data vhich suggested an actual augmentation of the immune 
I espouse foUoiving the pioceduie It is theiefoie appaient that opinion dif- 
feis in legard to the lioimonal contiol of antibody lelease fiom lymphoid 
tissue 

R VTIOK VLF OF FXPERIAIENTAL APPROACH 

The pill pose of the piesent i\oik can be siimmaiized iiiidei thiee headings 
Fust, an attempt has been made to lepeat iiiidei diffeient expeiimental con- 
ditions the work of pieiioiis miestigatois insofai as the piesenee of antibody 
]n otein in lymiphocytes is conceined Second, i\e have studied the influence 
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of sudden e\teiisi\t (kstiiutnm ot hiuplund tissue duiin^ the eni]^ plnst^ 
of nntil)od\ imiduttion upon tin uitilnxh content of the hinph 'ind blood 
sciuiii Ihe tool us(d foi this destiuclifm u is iiiassi\( total ho(U loent^tn 
iindmtion riiiid in (\ttnsion ol this lattci jili ise of the t\])(.iiincnt nas tlic 
stud\ of till (tint of laip,i dosis ol uliiiiil coitical i\ti ut on the antihod> 
loiitcnt of tlioi icn duct Uinph I*umous txjniiments liad failed to show 
nin siRiiifieniit ofTict of tin adininisti itiou of idieml coitical lioinionc on tin 
mimbei-s of cells in thoniic dint hmph in cats C onsequeiith exinnments 
oil thi efTect of honmnn adniinisti itioii lii\i not u jn tsented oin of the nnin 
fciturcs ot this iiiMsli^ation Howoii a limite<l amount of data w is col 
leeted pcitainiiu, to tin infliuim m lai^i doses of adi cinl coi tii il e\ti ict on 
antihoih content of iMuph ind tins his Incii included in this lepoit 

J J'}}r} imfulal Pi o( idnn uj hinuunt^afum ( (mnnldlion and 
I ffnifdi ( oJhclton 

The exjH rniH iital inuiml ii td tlir tuh< at the < it \ tniid ird iiitjgin of t\i)lioid 
\ic<mo (1 000 luilhon kilUd orgntn m jur (ulm centuiiitcr) prepared the Iscw tork 
Department of ircnlth IidiontoruH \\« u*<ed for inmumolocie purpo c*- Blood 
Jiunplen were witlidriwu ]»rior to niumiiii/fition > ich c it irns giMJi 0 2 c ^accl^e sub 
eutanooiish followed li\ a 'onohir oi niiif lllt^npen^olleull^ the next dnx Four dnx 
after the firnt inieition tin cut undirwiiit tliorucic ihiet lanniilatuni Tlii*! time interxal 

cho«ieu bceniisi il wa^ ul\ i abb that tin e atudio** «!ho»ild be midertaktn during the 
Pnrh stages of anttbodv foriimtion llnins and ro worker ? found tliat in their hand 
the maximal difToronces la tween (ill antiboU titer and tliat of the hmpli aud serum 
"ere detected around four to fut dn^H after iiioeulation \11 cats uved howed a definite 
‘•oriira antibodr titer at tins time 

Caiinulation wn ptrforintd undtr pentobarbital odium anesthesia using tlie same 
epcrutixe techrimne ns pro\ioiisl\ ileseribed I xmph was allowed to flow freeh from 

the small glass (silicoiic conteil ) nuimilo into a graduated IT cc centrituge tube con 
taming a mnall aiiiount of 1 per tent sodium heparin in ahjiL Curt was taken to pre 
unt contanmiatioii ot the hmph bt blood or •^enini and am siiecunen so contaminated 
"ns discarded Ihdration of the nniiimK was maintained b^ subuitaneoiis injeetiong of 
‘■^otonic saline in amounts of approximnteh double that lost ns hmph The hmph 
•collected was then subjected to the studies to be described 

f xpcjimcufal Pioccduie io Dcnwif^tiale Ihc Picsence oi Ihseiicc of 
Aniihodij tn Lymphocytes 

I — Vftor immuiiizntioii, each of the mx nninmlB m Group I was subjected to thoracu 
duct cannulation Lxmpli was collected as a single \olumc for the entire period of hmpli 
drainage (Axe to sexen hours) The hmph xxas then centrifuged until all the cells had 
I'een remoxed from the superimtc \ speemien of this cell free hmph xvas stored in the 
frozen state for titration 

aim packed hmphoextes were itaiispiiided m a xolume of heparinized saline approx 
iiaateh equal to the original xolume of hmph and receutrifuged This xv ashing process 
"as earned out time times in laige xolumes of the heparinized saline care being taken 
"ith each wusluiig to break up genth the clumps of hmphocvtes so that ther xvould be 
"ashed free of nnx hmph fluid The final fourth xi ashing x^as performed xnth approx 
'match 14 cc of saline in 15 c c centrifuge tubes 1 specimen of this last washing fluid 

Drl film OJS- supplied bj General Electric Coiporatlon 
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after centrjfugation "was preser\ed for titration The total volume of fluid "waa then 
reduced to 1 25 c c , and the packed, washed cells in the bottom of the tube were re 
suspended carefulh in this small volume Cell counts and smears were made on this 
suspension after mixing It was not possible in eieri instance to separate completely 
all clumps of Ivmphoej tes bj agitation before counting In such cases, the counts must 
be regarded as onh rough approximations Xev ertheless, it can be obsened from Table I 
that all suspensions were extremelv cellular, the lowest total count per millimeter^ being 
47,000 cells and the highest 178,500 cells Smears made from the suspensions showed good 
preservation of lymphocyte morphology in all cases and reiealed that lymphocytes com 
prised almost the total number of cells in each suspension After counts were obtained, 
the cell suspension was again centrifuged, and the supernatant saline removed One cubic 
centimeter of distilled water was added to the packed washed lymphocytes, and partial 
lysis of the lymphocytes resulted 

Before titrations w ere earned out, both the specimen of cell free Ij mpli and the sus 
pension of h mphocy tes in distilled water were subyected to alternate rapid freezing and 
thawing SIX times, employang a drv ice acetone solution as the freezing media Both cell 
free lymph and the lyraphoey te suspension were similarly treated in order to eliminate 
any possible effect of tlie procedure or antibody protein as a source of difference between the 
titers of the two After lysis m this manner, the remaining emubion las subjected to centnfu 
gation to remoye the particulate cell stroni i which would render peiformance of agglutination 
tests difScult Titrations were then carried out (AVadswortlii") on the cell extract, the cell 
free Ivmph, the final y\ ashing fluid, and on serum collected before immunization, at the 
onset of cannulation and at the end of the experiment Standard “H” (flagellar) and 
"O” (somatic) antigens prepared by the Kew York State Department of Health Labora 
tones were used- The first dilution of cell extract, lymph, or serum was 1 to 10 for this 
senes of titrations Subsequent dilutions progressed by double in each tube The tubes 
were incubated at 87° C for twelve to eighteen hours The wide variation of serum 
antibody titer from animal to animal is indicative of the indivadual differences in the 
degree of immunologic response 

Results As shotni in Table I, in none of the six cats included in Gioup I 
was it possible to detect antibody in extiaots of iich suspensions of washed 
lymphocytes Each animal, howevei, had a demonstiable antibody titei in 
both the blood seium and lymph fluid at the time of cannulation In two 
instances (Cats 694 and 712) the blood seium was found to contain agglutinat- 
ing substances foi typhoid “0” antigen piioi to expeiimental immunization 
These two animals piobahly^ should not, tlieiefoie, be legaided as compaiable 
to the laigei gioup Nei eitheless, in no instance no mattei what the titei 
of antibody m the blood serum oi lymph, was any antibody foimd within 
the extract of lymphocj’fes 

It will be noted that in almost eveiy instance the titei of the cell-fiee 
lympli fluid was slightly louei than that of the blood seium The absence of 
any titei in the final washing fluid demonstiates that any detectable amount 
of antibody had been v\ ashed free of the lymphocytes by the piocediue It 
will also be obseived that in thiee instances theie was a significant use m 
serum antibody concentration dm mg the couise ot thoiacic duct drainage 
The possible unpoitance of this use will be discussed latei 

The completely negative titers in the extracts of these highly cellulai 
hunphocyte suspensions indicate the lack of titiable antibody yyithiii the 
lymphocytes as studied undei the conditions of the expeiiment 
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Tablf 11 C0MIVPVTI\E ImvTioNS 01 SvruM, Cm Iffl L-iMin, \m) Ceit Kick Lwnii 

SUCIMEN RFIRESLMSA 


GROUP 

II 

t 

1 

SERUM AX riBODX TITEP 

L\MIH SPECIMEA 

URST TA\0 HOUR PFRIOD 
BEFORE X 1 A\ 


h\ MPH SFECniEN 

URST TM 0 HOUR PERIOD 
AFTFF \ RA\ 




1 


ANTIB0D\ TlfER 


AATIBODX TITFR 


AT time of 

AT E^ D Oi 

CELI, FREE 

CELl. PICK 




Ctrl RICH 


(AWUT^ATION i 

EMERIMENT 

L\MPH 

1 \ MPH 

h- 


BYMPH 

CAT 

H 

0 

! H 

0 

1 H 

0 

H 0 j 

c 



H 0 

5-19 

1/40 

0 

[1/40 

0 

1/80 

6 



1/80 

0 

1/40 0 












31,500* 

60S 

1/1,280 

1/1,280 

1/2,560 

1/320 

1/160 

1/320 



1/320 

1/80 

1/160 1/160 









d 



127,500' 

582 

1/80 

1/160 

1/160 

1/160 

0 

1/20 


' « 

1/20 

1/40 

0 1/20 






1 






76,000* 

651 

0 

1/320 

1/20 

1/320 

0 

1/40 



0 

1/40 

0 1/80 

i 











50,000* 

611 

1/20 

1/80 

1/40 

1/1 2S0 

0 

1/80 



0 

1/40 

0 1/40 












85,500* 

657 

1/1,280 

1/160 

!1/5,120 

1/320 

1/320 

1/20 

1/80 


1/160 

1/40 

1/100 1/40 












95,000* 

643 

1/320 

1/320 

1/320 

1/2,560 

1/20 

1/80 



1/40 

1/80 

1/80 1/SO 












46,000* 

676 

1/20 

1/80 

1/100 

1/160 

1/20 

1/40 



1/40 

1/20 

1/40 1/40 












32,500* 


♦Figure lepiesents hmi)hoc\ tes, pei cubic lullllnictci mice o£ cell-rich Ijiiiph 


ir — In the following expennuntal ippioicli, the icpeitid wishing iiul Imiulling of 
the honpliocjtcs was eliniiii'vtcd, e\clucliiig this as n possible souicc of loss of Ij inpliocA hr 
nntiliocli jJtotein dining the procediiics The l>niph from each ent svas collected in two 
lioiirb \oUiine&, and the amount of each specimen recorded Aftei thorough mi'^ing of the 
hniph for fnc niiniites, duplicate cell counts weie made and the specimen then was 
centrifuged Appro\imateh 1 cc samples of the supernatant, cell free Ijmph were with 
diawn riic lemaining \oliinie of the supernate was reduced to about 1 cc be pipetting 
off the excess cell free Umph The pached cells in the bottom of the centrifuge tube 
weie lesiispeiuled and thoroughh mixed in the icmaining 1 cc of Ijmpli fluid foi fiAC ^ 

minutes M lute cell counts were made from this specimen to determine the cell con 
centratioii and a smeai was made to studs the cellulai niorphologc In each case hniph 
was collected and handled in this fashion e\eii two horns foi the duration of the ex 
pernnent Blood specimens for titration were obtained just before cannulation and at , 

the completion of the experiment j 

As 111 the previous experiment, the hniph in each speciineii collected for titration j 

was altoinateh fiozen and thawed six times The cell fiee and cell rich specimens were 
each subjected to tins procedure in ordei to eliminate alteration of antibodv bj the Ijsing , 

pioeess as a possible source of am significant diffeience in antibodv titer between the J 

two In most instances the cell rich lymph contained a gelatinous lesidue after hsis of j , 

the cells and this was removed bi a stirring rod Titrations against standard “H” and j ^ 

“ 0 ” antigens w ere then carried out for each specimen and w ere read the next dm (tw elve j 

to eighteen hours later) j 

Even cat used showed a low but detectable seium antibodv titer at the tune of J 

cannulation This titer varied wideh from animal to animal, thus indicating that eacli i t 

uunial was individual lu the rvpiditv with which its immunologic niechanisiii responded ), 

to the antigen However ill must have been in the initial phases of antibodj production ,j 

since the tune elapsed from the onset of immunization was so short No attempt was made 
to compare the antibodv responses of different cats each animal lopresenting a distinct ^ 

cxjicriracnt 
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SiiSPE.sio\s IlnorE \\n Vfti-t Fm-osure to 1500 i Miiolf Bon\ \ I!a\ , F\cit Limph 
Tiro Holt Iollection 


nuni«irrciMi..N 

SEco\r»'n\o iiotr i rrion 

^rrer \ n.\\ 

I\MUlRPtCIMLN 

Titrrf»T\vo noi I PEPion 

\FTJT \ r v\ 1 

I L\M1 H S^ECIME^ 

10URTH TUO HOUI PFRIOD 

I VFTEPVPW 


\\TlP0r>\ TITH I 


WTHIOI ^ TITLP ' 

1 tn I 

ANTIDOI)\ TITER 

cEi L-irra 1 

cn I I itn 

CMT 

>£ rr 

CUf hICU 1 


FPFI 

CEI L ricii 

UMpn ] 

I\Ml l[ 

1 MMIll 

1 I \ Mill j 

1 I ^ MPJI 

L'i MPII 

11 

° 

11 n 

]I 

<1 

11 0 1 

n 

0 1 

II 0 

1/100 

0 ' 

1/Mi 0 

13,000 

l/3_0 

1/-0 

1/3 n 1/lOU 
} _U0 

j 1/3-0 

0 

l/u2U 0 

lo 7d0 

1/3 0 

1/1 CO 

1/3 ■’0 1/320 

2« 000 

J/320 

3/1M1 1 

1 1/1^0 l/KO 

1 40 200 

1 i/r4o 

1/160 1 

1/640 1/J60 

S900 

]/-in 

1/40 

1/20 1/40 

37,000 

1/40 

1/10 1 

1/40 1/40 

^2 000 

' 1/40 

l/*0 1 

1/40 1/40 

15 400* 

0 

1/40 J 

0 1/40 1 

21,000 1 

0 

1 /m 

o 2/iO , 

li-OO 1 

1 0 

1 

1/40 

0 1/40 

11 700* 

0 

1/20 : 

n 1/20 ' 

24,000* 

0 

1/40 

(» 1/20 1 
.0 3(K' i 

1 .0 

1/40 

1 0 1/40 

I 26 500 

l/3’0 

1/40 , 

1/3J0 2/40 , 

00,430 

2/320 

1/10 , 

1 liO J/40 ] 

I 000 

1 l/IOO 

1 

1/40 

1 J/3_0 J/40 

1 17,100 

' 1/40 1/SO 

1 4 050 

l/JO 

1/40 

1/SO 1/40 1 

43,000* 

1/40 

1/40 

1/40 J/40 1 

7 130* 

1/SO 

1/40 

1/40 

l/^O 

1/40 1/40 ; 

" ),000 J 

n 

J/SO 

J/-0 1/30 1 

S700 1 

1 1/40 

1/40 

! 1/40 1/40 

C900 


Itcsul/s Ihc nnimals used loi tins pliiso of the c\))eiimeiit iie included 
m Groups II md III Jlie dito collected oie piescntcd in Tobies II ond III 
Compoiofu (. nntibodi titntions wcie mode bctucen the cellfiee and hsed 
cell rich fnelions of fifti scicn seiniate specimens of hmiph 'Since titn 
tions iveie made a„iinst both tiphoid ‘ 11’ ind Uphold ‘0 ’ -uitigcns, this 
repiesentcd i total of 114 compinsons lictueen the antibodi content of cell 
fioe hmph md that of the Used cell rich fnetion of the some specimen Of 
this total munbci of eonipantne titiotions thcio scab no significant diffeience 
hetween the niitiliodi coneentiation of cell iich and cell fiec Ijinph speennens 
rseept in fii e instances In thiee of these the niitibodj titci nas highei m the 
cell flee Isniph than lU the laiiiph sslueh had hecii iich iii cells befoie Ivsing 
It Is appaient, thercfoic that in oiilj two instances did the Used celliich 
specimen contain significantli inoie titiable aiitibodj than the cell flee Uinph 
plasma In siew of the snull peiccntage of eompaiisons indicating a highei 
coneentiation of antibodj in the cell e\tiact and the loughli eiinal peicentage 
of eompaiisons Molding the opposite results it is ipiite aiipaient that no lalid 
evidence of the piesonce of antibodies i\ithin the thoiacic duet hinphocites 
"as obtained in these espeiniieiits 

It is Intel esting to note the extieniclj high lymphocitc coneentiation in 
of the specimens esammed Thus one special collection (not included 
■n Table II) contained fi'50 000 cells pci millimeter’ of Ij mph The antibodi 
‘her of this sample aftei Using of the cells was “H” 1/lGO and “0” 1/320 
The titer of the cellfiee poition of the same collection uns ‘H” 1/80 and 
‘0” 1/G40 It IS ei ident that no significant difference in antibodj eoncentra 
tion existed hetiveen the tno samples of Ijmph Other cell iich specimens 
"e>e ohtaiiied one with a connt of 311,000 Ijmphocvtes pei millimeter’ and 
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Table III Comparative Titrations of Serum, Cell Free Lymph, and Cell Rich Lymph 

Extract, 


GKOI.P 

HI 

1 

SEKUJt AATIBODi TTTEK j 

LYMPH SPECIMEN 1 

FIRST 2 HOUR I ERIOD 

before hormone 1 

; W 

1 or 

a 

! G 

[ LYMPH specimen 

FIRST 2 HOUF PEFIOD 
AFTER HORMONF 




ANTIBODY TITEH : 


1 ANTIBODY TITFP 


AT TIME OF 

AT OF 

CFI L FREE 

CELL RICH 


CELL FREE 

CELL RICH 


CANNULATION 

EXPERIilENT 

I\3MPH 

LAMPH 

' c 

LYMPH 1 

LYMPH 

CAT 

H 0 

i H 0 

1 H 0 

H 0 

O 

o 

*-t 

ct- 

H 0 1 

H 0 

650 

1 1 

1/20 1/dO 

j 1/40 1/20 

0 1/40 

0 1/80 
15,400* 

0 1/20 

0 1/20 
9,400* 

C61 1 

1/40 1/80 

i 

0 1/40 

0 1/40 

95,500* 

P 1 

'h' 

O 1 

ih 

0 1/40 

0 1/40 

41,500* 
1/40 1/100 

232,500* 

595 

1/80 1/640 

1/640 1/1,2801 

1/80 1/80 1 

1/40 1/80 

140,000* 

1/40 1/80 

581 

1/40 1/640 

1/160 1/1,280 

0 1/40 

0 1/40 

206,000* 

’ ® , 

0 1/40 ' 

1 

0 1/40 

136,500* 


•Figures represent Ij mphocs tes per cubic millimeter in 1 c c cell-rich Dunph 


SIX tvith eolicentiatious horn 100,000 to 200,000 cells pei millimeter^, ami 
seventeen Yvith. counts between 40,000 and 100,000 pei millimeter® In no in- 
stance was the antibody concentration of any of these eelliilai lymph suspen- 
sions higher than that of the cell-free supernate fiom the same lymph collec- 
tion These data are included m Tables n and III 

In addition to the tivelve animals included in Groups II and III theie were 
three animals who were subjected to the same procedure but weie not included 
for analysis The results obtained from one cat were excluded because the 
piesence of a specific seium antibody titer before immunization did not con- 
form ivith the negative pieimmunization titer for the other animals Another 
expeiinient was discaided because aU the titrations with typhoid “0” antigen 
were overgrown ivith Bacillus j)yocyancus A third animal failed to develop a 
detectable antibody in the Ijunph It is noteworthy in regard to this animal, 
hoivevei, that the serum antibody titer was positive at the onset of cannulation 
(“0” %o) and rose significantly duimg the period of lymph dramage (“O’ 
%o at end of experiment) In spite of this, no antibody could be detected nr 
any of the ljunph specimens thioughout the day Two other animals weie 
studied for an insufficient period of time to be mcluded in the group for analysis 
One of these had been hilieiimmunized with tj^ihoid vaccine prior to cannula- 
tion and demonstrated a high antibody titer of equal degree in both serum and 
lymph 

None of these animals juelded any results which conflicted with those m- 
eluded m Tables II and III Thus, in no instance were the data indicative, oi 
even suggestive, of the presence of more antibody in the Innph contaming 
extracts of lymphocjdes than in the cell-free lymph 

The Effect of Massive Whole Body X-iay on the 
Antibody Content of Lymph 

The animats included m Group II each were exposed to 1,500 whole body x raj two 
hours after cannutatron, a pretiminarj lymph sample for base line determinations having 
been collected as described The irradiation was delivered at 250 KVP at 15 Ma 
aluminum parabobc plus % mm copper filters, the output being 28 r per minute an 
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SuspI:^fiIO^s Befope and ArrFr Vdmimstijvtio of 2j < c Vqufous Adrfnvl Coiticu 

^vbcvt\sfj:)VSVi 


LYMPH SI FCIMES 

srroM* * HouRrrriop 

\>TE1 HOPMOSL 

1 YMI 11 SJ 1 CIMr\ 

' TIUPII - IKII I II 1 10I> 

MTlI Hol MllM 

I\MPn SPECIMEN 

101 f Til 2 not r Pir iod 

AFTFP lIORMONF 

WTIBODI TITEr 

! wTiHui \ Tnir 

WTIBODY TITFP 

CELL-FREE 

CELL-r ICH 

err I FI IF 1 

(HI ricH 

Cl LL FPEF 

CELL ricii 

LYMPH 

lYMPIl 

1\M11I I 

lYMPH 

L\ MPII 

L\ ill n 

n 0 

U 0 

11 0 

JI 0 

II 0 

n 0 

0 1/IGO 1 

0 1/40 

0 1/-0 

17,400 

0 1/20 

51,500 

0 0 

Animal expireJ 

1 

0 0 

IS 850 

0 0 1 

0 1/20 
17,200 

V 80 I/so 

1/40 1/40 

100,000 i 

1/SO 1/60 

1/80 1/80 

42 800 1 

Experiment 

terminated 


0 1/40 

1 

0 1/40 

152 000 

0 1/40 

0 1/40 

49 jOO i 

0 1/160 1 

1 

0 1/320 

r7 500 


target (Ij taiict tuentN two nicliCH to the center of the cot Ihn nmount of x rav is much 
grmtor tlian the lothni range for cats und i\ns clio on '»o that there would be no doubt 
that a maximal destruction of lymphoid tissue had been accompli‘»hcil 

Lvmph specimens were collected e\cr^ two hours for ci{,ht hours after % ra\ and 
handled as described prcMOusU Vt the end of this time blood was collected for anti 
bodr titration and the animal sacrificed Tins amount of x ray causes a fairh uniform 
aad progressive fall in thoracic duct Ivmpliocytes o^c^ the eight liour period, so that the 
spociinens collected toward tho end of the cxpcrioient usually had a low lyniphocjtc content 

Results — The iiiassuc \\liolc body roentgen ladialion to uhich these animals 
^\c^e exposed Mas guen Mith tlic intention of dcstioMng large numbeis of 
bmphoid cells o\ci a shoit pciiod of time If l\mphoc^tc prcciu*sois sus 
ccptible to damage by roentgen radiation contain significant antibody protein 
sudden extensuc dcstntction of laigc iiiiinbers of these colls should result in a 
shaip use in the antibody concentration of the lymph fluid Since thoracic 
duct lymph noinially contains relatively large numbers of cells, almost all of 
\duch are of the lyunphocytic sciics such a phenomenon should be moic easih 
demonstrable in l^mph than m the blood 

In c\erv case the l\'nipliocy tc content of the lymph fell piogressi\cI\ after 
exposure to xiax This fall is a icsult of tho destxuctuc action of xiaa on 
hanphoid tissue Mith impairment of hmpliocytc production An anahsis of tlie 
effect of \iay on the latc of I\Tiiphoc\tc production has been the subject of 
another report^® from this laboratoix and Mill not be discussed heie Suffice it 
tc s-ay that tlie maiked impanmcnt of lyinphoe\te pioductioii is a leflcction of 
degenerative changes brought about in lvmph nodes bx locntgcn radiation 

In spite of the widespread destruction of hmphoid cells no appreciable 
alteration m antibody concentration of the lymph was detected Tims, two 
hours after exposure to x ray , the antibody concentrations of both cell free and 
cell ncli lymph specimens wcic approximateh the same as tliose of cell free and 
oclliich lymph befoie xiax foi cverx annual except one (Cat 608) In this 
lustanee the “O’ titer of the cell fiec lymph fell fiom ^20 fo Ho after x ray 
Sucli a leduction in titer is just the opposite of the theoietical response one 
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jjoukl expect if the damaging influence of x-iay iiere causing a lelease of anti- 
iiodv protein fioni the hTuphocA-tes into the surrounding hnnph Titiations at 
the end of foiii lioui-s ueie also appioximateh the same as befoie x-iaj in all 
animals except Cat 582, i\hich showed a positi\e “0” titei of y^o in the cell-fiee 
hmph at this time, wheieas befoie x-iav no titei was detected As sliomi in 
Table II, thiee ot the animals (Cats 608, 5-tO, and 582) shoued a tendenci foi 
the hmph antibodi titei to use touard the end of the eight-houi peiiod follou- 
ing x-iav All the othei animals shoued no appieciable alteiation in Imiph 
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Fig: 1 — Graphic i eprt^^cntation of the comparati\e antiboch concentrations of cell-^ee 
and celi-iich hmph in nine cat*? the hmph specimens being collected e\er5 t\NO hours The 
\ allies for l^'mphoc^tes lepiesent the a\erage numbei of cells in each two-hour hinph specimen 
pei millinieter* 


antibodA titei fiom the beginning to the end of the expeiiment Fig 1 slious 
the 1 eduction in the aieiage luimbeis of hmphoejtes in thoiacie duct Ijunpli 
aftei exposnie to x-iai and the slight use in aierage antibodv titei of both 
cell-fiee and cell-iich hmph oiei the ten-hoiii peiiod of thoracic duct hmiph 
drainage The significance ot the slight use in hmph antibodi titer in thiee 
animals is not appaient It it iiere the lesiilt of lelease of immune globnhiis 
fiom hmphocites into the hmph fluid folloMung x-iav, one would expect a 
moie consistent and distinct elei ation ui the hmiph of all, oi at least most of the 
animals Thus, m the expeiience of Dougherti and White” exposuie of mice 
to x-raA' AJas folloAAcd AAitlim tAAO to thiee horns hi a sliaip and impiessiAe use 
111 seium antibodA titei It is CAident that in no single animal in this gioiip 
i\as there a shaip rise in hmiph antibodA titei of aiiA appieciable degiee In 
the three instances m aaIucIi a significant rise in antibodA* titer aftei x-iaA was 
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obscnccl the gicntest e]e\ation \\iis iic\ei moic tliaii Ino tubes (dcubhiip the 
dilution in each tulio) Oonccmbh the use m n ln\e been clue to hemoiiliafcic 
elianpes m tlie iMiiph nodes witli diffusion of scuim antiboch piotcin into the 
hnipli spaces Oi pcihaiis tlie juotcin tonecuti ition of the hmiili became 
hiphor touaid the end of the cspeiiinont iii spite of :\atci and eIet.tiohtc le 
placement It is ilso iiossible siiut hmpli tluid is dcii\ed liom the e\tia 
\nscular fluid tlint tlie use in l\mph titci lil c tlie use in lilood seiuni titei 
during the penod of flie cspciiment a\us not lelated to the hmphoid stiiictures 
at all Since tlicse \niious iiossiinlitics neic not eontiollcd the mechanism of 
the sligJil antiliod^ use in Ibc J\niph ol these tJiiee cits tannef be euilmted 
oecunteh LMiijihoid tissue dtstiiution with leleasc of antiboch into tlio 
hmpli IS a possible csplaiiatioii nowe\ci in \iew ol tlie lack of consistent 
elc\ation of antibod\ titci in sj>ito ot evtonsne l\mi)boid tissue dcstuietion 
111 all cases tlic iclntnc inipoitance of such a incehanism m hniunig aboiif an 
increment in antiboch coiiccntialion sceins iicgligilile 

Tlic blood scium antiboch tifci lose significantl\ duiinpr the ptiiod of 
eanntilation (ten horn's} in font instances (Cats 641 657 646 and 676) oi in 
exactly 50 pel cent of the animals The mcchinism of this antibocls iiiciease 
III the seium in sjute of the icmoval of the ninjoi poition of all l\mi)h con 
tents and tlie function cl iblatmn ot all hmphoid tissue b^ \ laj is of con 
sideialilc speculntno inteust Ibis will be eonsideiccl fiuthoi in the discussion 
of the lesults It will lie noted tliat m one instance (Cat COS) theie was a 
significant deciease in the soium antibod> titei against tapboid '^0 ’ the e\ 
planntion foi w Inch is not appai ent 

No consistent eoiielation was found to t\ist between the height of the 
sciaim niitiimch titci and that of the hniph Thus in se^ela] instances no 
antiboch could lie detected in tlie htnpb in spite of a significant scium anti 
loch titci The concentration of scium aiitibcKh it the end of the e\peii 
nieiit was highoi than that of the hmph in all cases except one (Cat 549) 

^^pcnmcninl P}occ(hiic to DcmonstKtte the Effect of AdtenaJ Loittcal JIo}))ionc 
on i1 c inhhody Content of Lymph 

The niiinmN in Group III cacli wcit j.i\cn 25 c c of aqueous adrenal cortical t-JLlract 
(Upjolm) RulKiutniiooush two liours after the onset of cannuhtioii 1\o attempt was nndo 
to adimnifltcr adrenal rortital extract per Kilogram of hodx weight Ilowtvcr the amount 
fcocn Was much more tJjnn that prcMOush reported as required for maximal offoct on 
hmphoid tissue Lj-roph was collected in two hourh xolumes after the hormone injection 
and treated ns in the case of those aninmls exposed to \ ra\ Serum for titration was 
obtained at the beginning and end of cnniii Intion 

IicsuU<! — The failiue of adienil eoiticnl hoimoncs to influence the i ite of 
pioductioii of thoiacie duct hmplioe\tcs in cats lias been ])icMoiish demon 
'ttrated ’• As indic ited in tliese picMOUs expeuments a fall is noted in tlie 
uiimiieis ot iMiiphocxte-s dolneicd -via the thoi icic duct pel unit of time in 
uormal untieatcd animals is i result ot the pioceduic of cinmilaticn itscll 
This initial fall is unielatcd to adrcnil coitical actnitx since it was shown to 
111 animals plc\lousI^ adicmlcctoimzccl iiiespcctne of witcthci oi not 
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adrenal cortical liomione was administered In the present senes the same 
decline in the total lymphocyte content o^f lymph per unit of time aftei eannula- 
tion was noted but was not felt to he a result of adrenal cortical hormone 
administiation 

It IS appaient that in this hmited senes of expeiinients adinmistration of 
adrenal cortical extract in large amounts had no effect upon the relative anti- 
body concentiation in cell free and cell-rich lymph In no instance was a 
significant use in the antihodj titer of cell-free lymph found to occur rvithin six 
hours after hormone rnjectron Three to six hours is the time interval after 
hormone administration foi maximal effect on lymphoid tissue and antibodv 
titer, as reported by’' premous investigators-'’ In one instance (Cat 584) a use 
m lymph antibody titer at the end of the experiment was recorded The 
mechanism of this rise, as in the case of the three irradiated animals who demon- 
strated the same phenomenon, is not completely clear Here again it mav 
have been the result of release of immune globulins fiom the cytoplasm of 
lymiphocytes, but the possibility that other factors, pieviously discussed, mar 
have entered uito the pictuie cannot be excluded 

In trvo instances (Cats 584 and 650) a detectable seium antibody titei 
for typhoid "H” antigen was present although a negatrve lymph anti- 
body titer was recorded Also rn two of the four ammals of this group, a 
significant use in serum antibody titer during the peiiod of lymph drainage 
was recorded 

It should he i e-emphasized that none of the comparisons of cell-fiee and 
cell-rich I'ymph in this group of animals revealed any higher antibody con- 
eentiations in the cell-rich fraction It will be noted that there were rela- 
tively moie specmiens which were highly cellular for each animal m this group 
than in those exposed to x-i ay 

DISCUSSION 

It was the purpose of these experiments to study^ some of the features 
of antibody production by’ lymphoid tissue and its transport to the ciicu 
lating blood by lymrphocytes It was recognized that the expeiimental ap 
pioach differed from any employed in pievious investigations of this nature 
However, if the formation of antibody by lymphoid elements and the tians 
port of antibody’ to the blood by lymphocytes represents a mayor factor m 
the total rmmunologic response of the animal, the technique used m these 
experiments should provide a valid means to study these phenomena Thus, 
collection of all the lymphocytes and lymph draining fiom areas presumed 
to be participating in immune globulin production should yield detectable 
antibody in extracts of these lymphocytes, if they’ lepiesent a mayor souice 
of transport of antibody into the circulating blood The thoracic duct lepre 
sents the final main stream for the flow of lymph after the entrance of 
lymphatic tiibutaries from all regions of the body below the diaphragm Since 
the antigen inyections rveie intiayieiitoneal and into the suhcutaiieous area 
of the hack it is appaient that at least pait of the total lymph collected was 
draining from lymph nodes concerned nr the uptake of antigen The lympho- 
cytes originatmg in this nodal tissue would presumably contain antibody 
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The nhsciiee of nin detectnblt intil)0(l3 in the e\tiaets of concentintecl 
suspensions of nashcd l\mphoe 3 tes eolicctcd dming n pciiod of actno anti 
liodj piodiiction tan he iiiteiiiiited onis ns indieatnc of the leij Ion oi 
ncgatnc titiable aiitiliods content of Is mpliocs tes as iiieasuied in these e\ 
perinient-s The negatne lestilts obtained bj this technique uete substanti 
ated b} the laige inimbei of compni laons of lelatne antibodj content of cell 
free Isiiiph fluid and Ivniph (ontaimng mans Ismphocjtes sihich had been 
artificialls Is sod in older to iclease then contents into the Ismph fluid 

It IS not leadils apparent sihs the c\pciimeiital appioaoh used should 
jield iiegatisc lesults in siess of the positisc findings of othcis in studies on 
the crude evtiaets of inniced Ijmph nodes as ssell ns on the lymphccj tes col 
lected from a single Ismph node diainmg the site of antigen injection The 
conflicting data mas peihaps be paitiallj e\plnmed bs diffeienecs in esipeii 
mental techniques Tlieio arc possible objections to these and other expcii 
mental methods sshieli incut ciitical es ablation For instance it might be 
argued that the method of cell Is sis cmplosed resulted in antibodj lemaiiiing 
m some manner inalteiabls bound to celt stroma and incapable of appealing 
free in the fluid Ij-mph Such argument appears negated by the fact that 
similar technique has been emplojcd suth positive results in e\pouments by 
other ins cstigatoi's It is also conceisabic for e\ample, that the amount of 
antibodj piotoin siithin each Ismphocjtc may base been so small that deteo 
tion svould bo difficult smiplj on the basis of the laiige of antibody oonoentra 
tion This possibility ssas coimtei acted is adequatels as possible by studjing 
the antibodj content of sen laige numbeis of svaslicd Ijmphocjtes suspended 
m a lelatiselj small solume of fluid Undci these conditions, detection of 
anj antibody, esen of low titei ssould be coiisideicd significant esidenee of 
the piesence of antibods snthm Ijmphocytcs On the liasis of e\peiinients bv 
presious ins estigntois in si Inch high concentiations of antibods siere found 
m extiaets of ss ashed, minced Ijmph node tissue, it svas anticipated that the 
demonstration of significant amounts of antibodj in cell rich suspensions 
"ould not be difficult The complete absence of titiable antibody in anv of 
these suspensions, hossevei indicated that the picsence of antibody ssithin 
lymphocytes could not be detected by this technique It ssas realized that 
esen small amounts of antibody in each lymphocyte entering the blood ssould 
be significant because of the rapid turnovei of these cells and the processes 
of bodj metabolism sshich consersc seium protein Thus repeated contnbn 
tions of antibody hossesei small, if sufficient m numbei svould ultimatelj 
lesiilt in substantial titers It can be stated boss ever, that under these cir 
cumstances detection of such small amounts of antibody in cells svould be 
lendered seiy difficult bj anj approach 

There also is the possibility that the antibody piotein ssuthm lympho 
cjtes may exist m an incomplete form svhieh has not developed specificity 
In such an event detection by specific immunologic titration sv onld be impos 
sible This contmgeney, sviuch is not supported by any evidence, lias not 
been circumnavigated by any method yet employed 
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It ma-\ also be aigued that aiitibocl's A\as not found in extracts of lympho- 
e^tes in these expeiiments since peihaps only a ceitain peicentage of Ijniipho- 
cytes collected neie piodnced in areas concerned Avith the initial njitake of 
antigen and subsequent antiliody pioduetion Following tins line of leason- 
ing, a small amount of antibod3'^ pi oteiii in some of the cells may have been 
obscured by the contents of othei cells not tiaiispoiting antibody Such a 
possibility cannot be completely excluded Nevei theless, as pieviously stated, 
it IS likely that a large numbei of Ijmiphoid areas participated in the uptake 
of antigen and that the products of these nodes entered the thoracic duct 
system These lymphoid areas were presumed to be actn elj^ producing anti- 
body at the time of eannulation It ivould seem piobable, if antibody forma- 
tion by Ijmiphatic tissue and transport to the blood by lymph represents a 
major factor in the eleiation of seuim antibody concenti ation that collection 
of all thoracic duct lymph and its contents for a several hour period diiiing 
the stage of active antibodj production uould jield significant amounts of 
titrable antibodj' 

Species differ enee ina^ concenably hare accounted for the negative re- 
sults in cats as contrasted to the positne findings of previous iiivestigatois 
in mice and labbits The possibility that lymphoid tissue vanes in its func- 
tions from one iiiaminalian species to another can be clarified only by fiiithei 
im estigatioii The oiilj" conclusion reached from these expeiiments is that 
denioiisti ation of antibody within ljuiiphoejdes of the cat was not possible 
using a technique basically similar to that emploj-ed bv previous workers in 
diffeient species 

The continued use in serum antibodj’- titer in eight of the animals diiiing 
the eoiiise of thoracic duct drainage easts further doubt upon the necessity 
of lymphatic tianspoit of antibo’dy foi the development of high seiiini anti- 
body levels The possibility exists that antibody protein formed within lymph 
nodes may ha^e entered the blood stream directly thiough the vascular sys- 
tem of the nodes themseb es Diffusion of protein across capillaij^ endothelial 
membianes from Ivinpli is not thought to occur’ and consequently actual 
iiiti avascular production of antibody in Ivmiihoid areas would seem necessaiv 
in this event The concept iindei question, however deals vith antibody 
formed in lymph nodes and transported to the blood stream bj’' the Ijmpho 
cytes produced in the same area The normal route of entrance of lympho- 
cytes into the cii dilating blood is iia the lymphatic sj^stem’’^ ’ It is ap 
parent that lemo^al of practically all lymph before its entrance into the ciicii 
lating blood eliminated Ijuiiphatic tianspoit of antibody from any lymphoid 
tissue diaiiiing into the ductile sjstem as a contnbuting factor in the subse 
qiieiit use of serum antibody concenti ation Howeimi, it is appreciated that 
not all entianees of hmph into the circulating blood were blocked in these 
expeiiments In peifoiming the opeiatioii, small tiibiitaiies fiom the head 
and left foreleg were usuallj ligated Small ducts from the right foreleg, 
head, and thorax may liaie had separate channels of entrance into the blood 
Homcvci not 11101 e than a small peieeiitage of the total lymphoid tissue of the 
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hod; could ha;e ictiiutd TCtess to the blood thiougli the iiorinjil eli iiiiicls 
niid these leu mens must hue beiii lelntneh fii remo\ed fioiii the site ot 
antigen injections If it is innintained that the iiiciease in seuim antihod; 
titei after cannulation ;\as due to the continued inoduetioii of intibod; 
In tins small niiioiiiit of hiiiiilioid tissue ;;hose piodiiets still had access to 
the hlood b; the himiliitic loute thin staeinl olisci ; atioiis me apiinieiit 
winch coiifliet ;iith tin toii(i|>t of nntibod; foimntioii b; local hmiiliatic 
tissues Pii'st il nmild Ir mr ess 11 ; to eoneodc (hat intil od; piodiiction had 
lajiidl; become a pcneiali/cd jnodss I ihing place in all hiiiphoid tissue 
rithei than ]niiiiaiil; iii that tissin loiudiitd with the uptake of antigen 
Second the late of nntihod; loimatioii In this small amoiiiit of hinphoid tis 
sue with an n;ailnble hiiiplutii iiitiiiiRt into the hlood would ha;e to be ;ei; 
great and the concditiation of nilibod; within the hmphoejtes tiaiispoi ting 
It to the hlood aioiild iicccssai il; lx <|uite high the possilnlit; that the ele;n 
tioii in SCI 11111 aiitiliod; could hni dipimled upon the small amount of Ijmph 
still ha;iiig access to the hlood sdiiis paituiiliil; i emote in those espcii 
iiients in which nuiinnls wen subixtcd to hea;; whole hod; madiatioii It 
seems reasonable to (ondiidc litfli likelihood exists that the ohsemd use in 
seianii nutibodj titcis can be e\pl mud bv such a iiici biiiiisin 

Tiioio mo othci fnotois which iiia; ha;c heen lespoiisihle for the eon 
tinned rise in seium aiitibod; in spite of renioaal of most of the Ijiiiph eon 
tents and cessation of aiitihodj foiiiiation bj Iviiiphoid tissiii Tines, the rise 
maw ha;e been due to ( 1 ) coiitiniied immune glohiiiin piodiiction bj some 
tissue moie radioiesistaiit than hmphoid cells and not dependent upon 
Kmphntio transpoit of its jiiodiicts to the ciiciilatiiig blood, ( 2 ) lelease of 
preformed antibod; dncctlj into the blood stieam oi ( 3 ) maiked hj-pci 
globulmcmia ns a lesult of hcmocoiiccntintion with a coneomitnnt mciease in 
antibodj concentiation pci unit eoliime of sciiim without an actual use in 
the total amount of citeiilating antihod; ^n ntlciiipt to eonihat tins lattci 
fncfoi was made h; paicnteial admiiiisti atioii of isotonic saline solution in 
amounts about double the ; oliiiiie of I; mph lost It is theiefoie impiohahle 
that henioeoiiceiitiatioii was of gient iiiiportnncc in the eleintion of seiiim 

antihod} 

The ielati;e impoitaiice of the fiist two mentioned mtchnmsms is of 
course, hj pothetienl The data would indicate tint lelcasc of significant 
amounts of antibod; pioteiii fiom cells of the lymphoid sciies does not occur 
c;en aftei inassnc loentgcn ladintion Wlicthei some othei t>pe of cell 
might release antibod; pioteiu into the seium when damaged b} \ia; can 
not be judged from these expeuiiiciifs Tlmt antibod} production in labbifs 
oin go on aftei* l}mphoid tissue has heen sc;cicl} damaged was indicated in 
pieiioiis cxpeiimeiits perfoiiued in this laboratoi} ' Thus exposiiie of the 
animals to laige doses of x la) fi;c di}S aftei immiinizntioii failed to altei in 
*111} wa; the late oi degiee of antibod; appeal aiice in the blood in spite ot 
widcspicid damage to hmphoid tissue In aiew of this e;ideiice it is pioh 
ohlc that continued production of antibod} b; some tissue not iminediatel} 
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destioyed by x-iaj' offieis tbe best explanation of the continued use in tbe 
sernin antibody in these animals 

The exposuie of these animals to massive doses of x-ray was based on the 
assumption that if l3miphoid cells contain antibody protein the resulting cell 
damage would be leflected in alteiations in the iiiti acellulai and extracellulai 
antibody content The extieuie seiisitiiuty of lymphoid elements to roentgen 
lays IS well known The amount deliveied to these animals was fai in excess 
of that leqiiiied to cause widespiead damage to lymphoid tissue and was used 
111 Older that the destruction of this tissue would be unquestionable Of 
coiiise, theie is leasoii to believe that niatuie lymphocytes may be i datively 
undamaged by iiiadiatioii of this degiee and that the chief site of damage is 
the piogeiutoi cells If the lattei contain antibody in any appieciable amount, 
the extensn e cell damage ivi ought by the x-i ays would have i eleased anti- 
body into the siiiiounding fluid, piovided that such a phenomenon can occiii 
aftei cell desti notion If lymphocytic dissolution, as caused by loeiitgen 
niadiation is capable of causing such a use im seiiim antibody titei, the 
phenomenoii should, then, be all the moie pionoiinced in lymph The lesults, 
howeiei, fail to show any shaip or distinct alteiation in lymph antibody titei 
aftei x-iay exposuie It is theiefoie, unlikely that an inciease in seium 
antibody could be attributed to lelease of antibody from lymphoid cells That 
niaiked lymphoid tissue destiuction had been biought about is evident fiom 
the lapid decline in lymphocyte production ovei the eight-houi peiiod of 
thoiaeic duet diainage The absence of any appieciable augmentation of 
antibody titei of the cell-fiee lymph was inteipieted as suppoitive evidence 
foi a lack of titiatable antibody iiathin lymphocytes 

The theoietieal influence of excessive amounts of adrenal coitical hor- 
mones on lymphocytes, accoiding to the concept of pitiiitaiy-adienal cortical 
eontiol of lymphoid stiuctuie and function, would be one of dissolution and 
degenei ation This lymphocytic dissolution has been stated to lelease gamma 
globulin from the cell cvtoplasni into the seiiim, and in the case of the iniinimized 
animal, the lesiilt is said to be an elevation of the seium antibody titei The 
amount of data collected in these experiments in legaid to this influence of 
adieiial coitieal hormones on antibody titei is lelatively small Howevei, 
theie was no eiidence of any change in antibody titei attiibutable to hormone 
imection The failiiie of both massive niadiation and the adniimsti atioii of 
adrenal coitical hoimoiie to influence the lymph antibody titei in cats siig 
gests that more woik is iiecessaiy in elucidating the lole of lymphoid tissue 
111 the immunologic mechanism of different species 

SUIIJIVRY AND CONCLUSIONS 

1 A leview of the existing knowledge of the i elationship of lymphoid 
tissue and the lymphocyte to immunologic piocesses is presented Brief analy- 
sis IS made of the theory of pituitaiy-adrenal coitical coiitiol of lymphoid 
tissue stiucture and function 
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2 An e\peiinuntil Tppioneh is piesentcd for the studj of the nntibodj 
content of Ijmphoejtcs collcotod from the thoncic duct hmph of ents Using 
the technique desciibcd, Uphold Tnccine ts th antigen, and the cat as the 
e\peiimcntal annual, no antibodj could be detected avithin e\tiacts of n ashed 
Ivniphoci tes Coinpaiitiit titrations of the relatne antiboda content of 
hanph fluid flee of cells and lymph containing laige numbers of Ijmpho 
cytes irhicli nere artificialh hsed in order to iclease tlicii piotein content 
into the snrroiindint, hanph fluid also failed to indicate the presence of ana 
antibody inthin the Ijanphoea tes 

3 A group of cats ivas exposed to 1 500 i iihole body loentgen ladiatioii 
during the period of thoi acic duct di ainage This amount of \ ray is in ex 
cess of the dosage requiied foi maximal lymphoid tissue destruction Lympho 
cyte production diminished markedly after this procedure as etidenced by 
the fall in output of thoracic <lnct hanphoeytes Exposiiie of the animals to 
X ray did not significantly altei the antibody content of the cell free lymph 
flmd This 15 intcipicted as indieatne of the slight or negligible amount of 
antibody released fiom h mphoid tussue by x lay damage of cells 

4 It ivas obsened that the antibody eoiieentration in the blood serum 
rose significantly dining the period of thoracic duct diamnge (six to eight 
hours) m 50 per cent of the animals This was true in those animals exposed to 
X ray ns well as the othcis Tins continued rise in seiaim antibody titer in 
spite of lymph drainage, particularlv in those animals exposed to x ray two 
hours after operation suggests either continued antibody foimation by some 
more radioresistant tissue than Ivmphoid oi release of preformed antibodv 
from eells oi tissue spaces diieetly into the blood without the necessity of 
lymphooy tie transport of antibody 

5 Administration of large doses of adrenal cortical hormones (Upjohn) 
to a small group of cats failed to cause any significant alteration m the anti 
body content of cell free lyaiiph fluid 

6 A discussion of the lesults is piesentcd emphasizing the possible 
criticisms of the technique used It is concluded that, undei the experimental 
conditions of the experiments, no exidence for lymphocytic tiausport of anti 
body to the blood was found 
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destloyed bj* x-iay offeis the best explanation of the continued use in the 
serum antibody in these animals 

The exposui e of these animals to massive doses of x-i ay was based on the 
assumption that if lymphoid cells contain antibody protein the resulting cell 
damage would be letleeted in alteiations in the iiiti acellular and evtracellulai 
antibody content The extieme sensitnity of lymphoid elements to loentgen 
lays IS well known The amount delivered to these animals was far in excess 
of that leqniied to cause ividesinead damage to Ijunphoid tissue and was used 
in oidei that the destiuctioii of this tissue ivould be ' unquestionable Of 
couise, theie is leason to believe that inatuie lympllOc^i;es may be i datively 
undamaged by niadiation of this degiee and that the chief site of damage is 
the piogeintoi cells If the lattei contain antibody in any appieciable amount, 
the extensile cell damage mi ought by the xuaj^s Mould have released anti- 
bodi into the suiiounding fluid, pioiided that such a phenomenon can occui 
aftei cell destiuetion If Innphoeytie dissolution, as caused by loentgeu 
iiiadiation is capable of causing such a use in, serum antibody titei, the 
phenomenon should, then, be all the nioie piononnced in lymph The lesiilts, 
hoMevei, fail to shoM any shaip oi distinct alter ation in lymph antibody titei 
aftei x-iay exposui e It is theiefoie, unlikely that an inciease in serum 
antibody could be attiibuted to release of antibody from Ijmiphoid cells That 
marked Ivmphoid tissue destiuetion had been hi ought about is endent from 
the rapid decline in lymphocyte piodnetion over the eight-honi period of 
thoiacic duct diainage The absence of anj^ appreciable augmentation of 
antibody titei of the eell-fiee lymph Avas interpreted as siippoitive evidence 
foi d lack of titiatable antibody Mutlim lymphocytes 

The theoietical influence of excessive amounts of adrenal cortical hor 
raoues on hmiphocytes, accoidmg to the concept of pitiutaiy-adienal cortical 
eontiol of hunphoid stiiictiiie and function, would be one of dissolution and 
degeneiatiun This lymiihocytic dissolution has been stated to lelease gamma 
globulin tiom the cell ectoplasm into the seinin, and in the case of the immunized 
animal the lesnlt is said to be an elecmtion of the serum antibody titei The 
amount of data collected in these expeiiments in legaid to this influence of 
adienal cortical hormones on antibody titei is lelaticmly small However, 
there evas no ei ideiice of any change in antibody titei attributable to hormone 
iiyeetion The failuie of both massnm iiiadiation and the administiation of 
adrenal cortical hoimone to influence the lymph antibody titer in cats sug 
gests that more MOik is necessary in elucidating the role of lymphoid tissue 
in the immunologic meehaiiism of diffeient species 

SUMMARY AND CONCLUSIONS 

1 A revieM" of the existing knocvledge of the relationship 

tissue and the lymphoccfle to immunologic processes IS pi esented 

SIS is made of the theory of pitnitaiy-adrenal cortical contiol of Icmip oi 
tissue stiiictnie and function 
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A STUDY OF CHOLINESTERASE ACTIVITY IN THE BLOOD 
OF PATIENTS IVITH HEMATOLOGIC DISEASE 

Arthur Switsky, M D , j\Dnuel Ro'nrEN, M D , and Leo M Me\er, M D 

New York, N Y 

I T HAS been shoAvn^ - that led blood cell cholmesteiase and serum cholines- 
terase aie deci eased in patients nith peimcious anemia in lelapse and that 
the actiMtj of this enzime i etui ns to noimal Mitli the institution of adequate 
therapy Giob and associates^ admmisteied DPP (diisopiopvl fluoiophospliate) 
to two patients ivith peinicious anemia and induced a complete i emission ivitli 
folic acid and Inei theiapv in spite of sustained supiession of the plasma and 
led cell esteiase activity caused by the daity adniinistiation of DPP Other 
investigatois have noted that the maintenance of Iom led cell and plasma 
esteiase actmti m man'* and animals^ follomng lepeated injections of DPP 
pioduced no changes in hepatic, lenal or hematologic functions 

Many attempts have been made to con elate the enzjmic activity of chobn- 
esteiase with mvasthenia giavis,® li\ei disease,^ ps-sehiatiic disorders,® hjqier- 
tension,® the aUergie states,^® and endocrine dysfunction ” 

Barnard^® has stated his belief that indiiidual reactivity to a stimulant or 
incitant yith the production of excessive cholmesteiase on the one hand, oi 
deficient enzyme on the othei, detennmes the onset and type of pathologic and 
malignant hematopoietic disease Davis*® postulates that the presence of 
low blood cholmesteiase and the associated high acetylcholine concentration is 
the responsible mechanism foi pernicious anemia in i elapse 

We have accumulated data of the activitv of led cell esterase and serum 
esterase of patients iiitli vaiious types of lencemia, with and without anemia, 
various piimaiv and secondaiy anemias, polyc^dhemia, and myelophthisis m a 
fiirthei eftoit to clarify the lole of cholmesteiase found in the led blood cell 

SIETHODS AND MATERIALS 

The chohnesterise nctivitj of whole blood and serum was determined in 101 patients 
and twentj one normal subjects, adults and children of both seaes and all races These de 
terminations were made from random samples drawn at odd times of daj and night In all 
but the polycythemic patients, tlierapeutic procedures, blood transfusions, and radiation 
therapy were avoided prior to the blood saniplmg The control senes of twentj one normal 
subjects included fifteen subjects previoush reported is Values for ten of the eleven pa 
tients wath pernicious anemia m i elapse and nine of the ten patients in remission have been 
reported - 

Venous blood was draivn from the antecubital vein with a dry sjrmge and needle 
Then 5 ml of whole blood were osalated with anticoagulant mivture (IVintrobe), and 5 ml 
were coUected in a dry test tube and allowed to clot The hematocrit (Wintrobe) was de 
termined and a complete capillarj blood count done Eeticulocjte counts were also made on 
some of the more anemic patients 

Cholinesterase activity was measured by the method described in a pre\ lous report r- 
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RCSUr TS 

The hlood of («ent\ font pitKiits dinsnoscd ns lnMn„’ chionic hmidiootie 
Icucomia wns studied Tnbto II demoiistintcs tlic lange of hemoglobin (6 5 to 
150 Gm pel cent) niid lod cell mines (25 to 63 If ) In genenl these patients 
iierc in good clinical condition The bone manoii ins infiltintcd with gieat 
numhoi's of hmphocites and the enthioid tissue was i educed in iiiiantiti The 
mean cell hemoglobin concoiiti ition and the mean icll lolmne iiere iiilliin the 
iionnal inngc The cliolincsttiasc nctiiiti of the seinm miied Irom 0 8i> to 
3 04 units and lofleetod the clinical condition of the patient The mean serum 
esterase of the entire t,ronp was 2 38 units as compared with a normal of 3 2 
units The mean coipuscnlai esterase actniti for the eiitiie group iias 8 67 
units (xio W), tompaied with 7 57 units (xlO"'") in the normal In this gioiip, 
therefore, despite the piesencc of a mild anemia the mean cholinesterase ac 
tniti of the red cell esterase was within uppei normal limits 

Blood samples of eleicn patients mth chronic mjeloojtic leucemia were 
studied Table III shows the lange of hemoglobin (-4 5 to 13 5 gm pei cent 
and led cell (1 5 to 5 15 51 ) mines The gcneial condition of this group was 
oOod but these patients were sicker than those with Ijmplioojtic leucemia The 
Wean corpuscular hemoglobin and the mean cell volume were noimal The ac 
tiiitj of the seiaim esterase mried from 1 00 to 4 62 with a mean laliie of 2 34 
units, which further icflected the general condition of this gioup The mean 
“ipuscular esterase aotiMtj mi led from 4 22 to 11 25 units (xlO ”) withamean 
lalue of 6 60 This value is not signihcantly lower than the normal mean of 
"> 57 units 

Studies of the hlood of scien patients with acute leucemia were made 
(Table IV) Of these, fire were myeloblastie and two, Ij mplioblastic The 
hemoglobin sailed from 3 5 to 11 5 Gm per cent and the rod count ranged from 
1 0 to 4 4 million per culnc millimeter The serum esterase i allies were low 


A STUDY OF CHOLINESTERASE ACTIVITY IN THE BLOOD 
OP PATIENTS WITH HEJIATOLOGIC DISEASE 

Arthijr Sawhski, IMD , ^Ianhel Rowen, MD , and Leo M IMeier, MD 

New York, N Y 

I T HAS been shown’ - that led blood cell cholmesterase and serum cholines 
teiase aie decreased in patients with pernicious anemia in lelapse and that 
the activitj of this enz'^me returns to normal with the institution of adequate 
therapy Gxob and associates^ administered DPP (diisopropyl fluorophosphate) 
to two patients with pernicious anemia and induced a complete i emission with 
folic acid and livei therapr in spite of sustained supiession of the plasma and 
red cell esterase activitj caused b3’^ the dailj administration of DPP Other 
investigators have noted that the maintenance of low red cell and plasma 
esterase activity nr man^ and animals^ following reiieated injections of DPP 
produced no changes in hepatic, lenal oi hematologic functions 

INIanj’^ attempts have been made to correlate the enzrmie activity of cholin- 
esterase with myasthenia giavis,® liver disease' psjchiatiic disorders,® hyper- 
tension,® the allergic states,’® and endocime dysfunction ” 

Barnard’® has stated his belief that individual reactivity to a stunulant or 
mcitant with the production of excessive ehobnesteiase on the one hand, or 
deficient enzyme on the other, determines the onset and type of pathologic and 
malignant hematopoietic disease Davis’® ’■* postulates that the presence of 
lou blood chohnesteiase and the associated high acetylcholine concentration is 
the responsible mechanism for pernicious anemia in relapse 

We have accumulated data of the activitv of red cell esterase and serum 
esterase of patients with various types of leucemia, with and without anemia, 
various primary and secondair anemias, polj'cythemia, and myelophthisis m a 
further effort to clarify the lole of cholinesterase found in the red blood cell 

METHODS AND MATERIALS 

The cholinesterase nctivit^ of nhole blood and senim ivas determined in 101 patients 
and twenty one normal sub 3 eets, adults and children of both sexes and all races These de 
terminations vere made from random samples drawn at odd times of day and night In all 
but the polycythemic patients, theiapeutic procedures, blood transfusions, and radiation 
therapy nere aioided prior to the blood sampling The control series of twentj one normal 
subjects included fifteen subjects pievioiisU reported i- Values for ten of the eleien pa 
tients with permcious anemi i in relapse and nine of the ten patients in remission have been 
reported = 

Venous blood was drawn from the antecubital vein with a drj syrmge and needle 
Then 5 ml of whole blood were osalated with anticoagulant mixture (Wintrobe), and 5 ml 
were collected in a dry test tube and allowed to clot The hematocrit (Wintrobe) was de 
termined and a complete capillarj blood count done Eeticulocjte counts nere also made on 
some of the more anemic patients 

Chobnesterase activity was measured by the method described in a previous report 
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Patients and C \\cre dinfrno el ns lm\lnB nculo bmpliold leucenila the remainder as 
ha\lnB acute i))>cIold louccmio 


Three ]nticnls sitisf\iiig tlic critein £oi n diiignosis of n)\eIophthisic 
nnenun LNlnbitcd mneror \ tosis and a significanth low red cell esterase actnitj 
of 5 97 units (xlO The seium cstoiasc was maikcdh lediiced to 199 units 
(Table ■\ ) 
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poheitliemia Acid was studied In the foimci group (Tabic \I) a mild 
nornioehioniic llOlmoe^tlt anemia was found The led cell esterase actnit^ 
'60 units (xlO coinpaicd fa\onbl\ with noimal lahies The seium es 
tense actuit^ 2 64 units was onh slijith dcpicssed 
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The blood findings in the polj cythemie gioup (Table VII) showed the 
ehaiaetenstic lugh hemoglobin content and noimocytic to microcytic sized cells, 
but again the cholinesterase activity of both the serum, 3 08 units, and the cells, 
7 70 units (xlO'’"), was almost identical with that found in normal sub 3 ects 


Table vn Cholintestefase Activity op Serum and Red Cells in Polycathemia Yfpa 
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CIIOUNESTI K \S^ ICTJMTl IN IlIOOD IN IIFM VTOLOGIO DISP \SI ISJ 

In oulci to stiuh the cffcU of icti\t eij tluopoiesis upon cholinestcnsc 
nclnit\ tuo groups of patients «cie tested In the fii'st group thnteen pa 
ticnts uith seeoudnri anemias {Table VIII) of a lijpocluomic iioiiiioci tic tape 
exhibited a lod cell cstciase actiMtj of 8 91 (xlO''°) units as compiled uith 
7 57 111 the normal subjects The semm esterase of these subjects uas depressed 
Since mam of these patients ueie debilitated this latei finding iias anticipated 
A second gioiip of file patients iiitli sicldc cell anemia in lelapse (Table IIn; 
lias CNamnied All fiio shoiied aetnc icticuloei tosis In all, the mean cell 
lohimc and mein cell hemoglobin iieie aboie noim il The semm cholincsteiase 
laliies Here noimal The led eill estci ise actiiiti hoiieiei i\ is maihedli in 
cicascd and a mean lohiinc of 9 40 units (xlO '“) ii as obtained 


TiBir I\ Cnoi.iNi.sTFr,ASF AcniiTi oi SFreir isa Pro celis is Sicme Cell vneiiii 

IS PFI \l SF 


1 

PATIENT 

IW (OM/ 
100 ML.) 

n.B c 
(xl0« rn 

MJtS) 

pcTia 
(xjn / 

1 \fM3) 

C V 

(CU m) . 

Jf C \ UB 

' (yy) 

tiior ivE 

SEBUJI 

(iTvrrs 1 
' /ia) 1 

STEBASE 

MEAN CELL 
(UNITS 
xlO 10 

TEP CELL) 

1 

95 

2 20 

m 

100 

22 

3 32 

11 54 


79 

2 80 

2S0 

OC 

27 

3 34 

9SG 


90 

2 20 


11- 

.0 

3y0 

9 11 

4 

12 0 

4 00 

.00 

8S 

30 

142 

840 

5 

90 

2 20 


109 

24 

3 10 

10 31 


9 48 

2 GS 

2G8 


2l> 

3 29 
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DISCUSSION 

Glob, Lilieuthal and co iioikcis’ haie lectiitlj lepoited that folloiinio 
the administration of DPP to noimal and niicmic subjects the red blood cell 
esterase regenerated at a rate appiosimatnig the calculated rate of led cell 
replacement m the hodj and iins propoitionnl to the nuinhei of ciieulating 
reticiiloei tos The obsoried daili cliolincstciase regeiieiation rate lias 12 per 
cent Tins agrees closeli iiith the calculated daili ciithrocite leplacement 
rate of 0 83 per cent iiliieh is based on a led cell life span of 120 dais Koelle 
and Gilman,* working iiith eNperimental animals observed similar findings 
In a studi^ of the choliiicsteiase actuiti of patients uith pcimcioiis anemia 
m relapse iiho iieie folloiied into icmission, iie found that the use in eholni 
esterase actiiitj of the iihole blood iias primaiilj due to a rise in aetiiiti of 
the red cell itself AVe fiiitlier lepoited that this increased actiiitj could not 
be correlated to cell size noi to the piescnce of letieuloei tosis per se The 
mean lalne for anj one led cell was found to laij fiom loii lalues ni patients 
m relapse to above noimal values in caily remission Normal values were ob 
tamed onlj seientj to ninetj dajs following the institution of specific theiapi 

The picscnt studi substantiites oui previous lopoit Nevertheless Table I 
demonstrates that increases in clioliuesterase aetivitv of the icd blood cells is 
noted ill those diseased states vilieic incieascd eivthropoietic aclivitv is present, 
that IS, the secondaij anemias sickle cell anemia in relapse, and pernicious 
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anemia in early lemission Table I also shoi\s that theie is some ineicase in 
the led cell esteiase actiMt's of patients isith chionic hmphocjtic leiicemia, 
although the bone mariow of the ma]oiit> of these patients was oveiMhelminglj 
infiltrated with hmphoeites and the cpiantity of eivthioid tissue maikedh le 
duced The physiologic implication of this is not i et deal 

Conveiselv, those diseases not associated with incrcdsed eiithiopoicsis and 
those 111 which eijthiopoiesis is depiessed show significant depiession ot led 
cell esteiase aetivid 

A Aariety of liver function tests made from a sampling of patients with 
chionic Ijmphocvtic leucemia, chronic mAeloejtic leucemia, pernicious anemia 
in relapse, and the secondaiy anemias did not ie\eal any consistent coiielation 
to the led cell cholinesterase activity The total protein and albumin con- 
centiations of the seium tended to parallel the serum esteiase activity 

Although we are unable to explain oui findings, we feel that the cholin- 
esterase activity of the led cells as measuied in the regenerative anemias is 
not merely a reflection of the immatuie cells released into the peiipheral blood, 
but IS associated in some othei manner vith increased led cell production 

SUJIMAKY 

The cholinesterase activity of the serum and led blood cells of 101 patients 
until various hematologic diseases was studied and compared with values found 
in tuenty-one iioimal subjects 

The led blood cells of patients with peiiiicious anemia in eaily remission, 
sickle cell anemia, and hypochromic noimocytic anemias manifested a cholin- 
esterase activity great ei than that of the normal erythrocyte 

The led blood cells of patients with peinicions anemia in lelapse, acute 
leucemia, and mvelophthisic anemia shoved depression of cholinesteiase ac- 
tivitv 

Patients with chionic mielocytic leucemia, Hodgkin’s disease, and poly- 
cithemia leia ueie noted to have eiithrocites with normal cholinesteiase ac 
tmt> 

The mcdii red cell esteiase activiti of patients uith chronic lymphocytic 
leucemia uas increased to a high normal lei el 

The authors wish to acknowledge the m in\ helpful criticisms and suggestions of Di 
Howard M Fitch, Department of Therapeutics, New Yoik University College of ^Micine 

REirRFNCES 

1 Sabine J C Cholinesterase of Blood Cells and Plasma in Blood Discrasias, With 

Special Reference to Pernicious Anemia, T Clin In\ estigntion 19 8SS, 1940 

2 Mejer, Leo M, Sawitskj, A, Ritz, N D, and Pitch, H Jf A Studj of Cliolinester iso 

Actmti of the Blood of Patients tVitli Pernicious Anemia, J Lab & CriA Mm 
33 3S9 1948 

1 Grob, D, Lilienthal, J L , Jr , Harrei, A M, and Jones, B F The Administration of 
Di Isopropil I3uoropliosphate (DFP) to Mm I Effect on Plasma and Lrjthro 
cite Chobnesterase, Bull Johns Hopkins Hosp 81 217, 1947 

4 Koelle, G B, and Gilman, A The Relationship Between Cholinesterase Inhibition and 
the Phariiiacological Action of Di Isopropyl Pluorophosphate (DPP), J Pharmacol 
&/ E\per Therap 87 421, 1940 

J Koelle G B, and Gilman, A The Chronic Toxicitj of Di Isopropyl Pluoropliosplmte 
(DFP) in Dogs, Monkejs and Rats, I Pharmacol & B\per Therap 87 435, 1940 



chOlinfstfr \sr \cti\iti i\ blood in hem vtolopic dise-vse 


1S5 


C Stc'lman F Choltno‘»tcrn o Content of Blood m M^astlienn GroM*! 7 Plijsiol 84 56, 
39''j 

7 '\\o«coo, "W C, Hunt ( C Ilikoi W 1 and I itt 1 C Hcffonemtion Ilnte<i of Scrum 
Cholmcstem-»e m Norjinl Indixilinls nml in PatirntH Mitli I i\cr D imngc, Am J 
Physiol 149 54'> 1047 

S Tod, II and Jonea, M S 'stu U <»f (holme ttrn‘«e \ctiMt% in Nenoua and Mental 
Disorder?, Quart J "Med 6 I 10*17 

9 Libbrcclit h Choline tern'^ nnl \rtirinl Tenmon I res«c nietl 65 ICi 1947, ab 
strncted in T A “M \ 134 0S3 1947 

10 Alles, G A, and Ila'vcs P C (holme lern««e m the Whole Blood of Allergic Patient 

J Allergr 12 1 ]O40 

11 Antopol W , Tochnmn L and Schifrm \ Choline-sterape ActiMt\ of Human Serum 

With Special Peferenee to lUpertlnroidi ni Pro( ‘'oc Erper Biol 5. Med 36 40 
1017 

1*’ Barnard P D The iSature ot \eute Leukiinia and the Interrelation^lup of tlie 
Malignant DA«crasias N \ State I Mtd 47 270 1047 

lo Dims, T L Lxperinicntal Production of Hj perchronuc Vneiina in Dogs Winch I‘< 
ib'^ponsno to Antipomiciou Vmiin'i lliemp\ Vni J Pln^iol 142 40_ 3044 
34 Davis J E Pcduction of Excei Aeetilcholine in Serum in Pernicious Anemia Patients 
bj Treatment With Pteroi Iglutninic Acid Li\er Extract or \ entriculm, Science 
104 G05, 1940 

1j SiivitsV} A Fitch 31 "M and Mt\er L M V Stud\ of tholinesternsc Actlvlt^ in the 

Blood of Normal Subjects J Lm &• Clin Med 33 203, 394^ 



IN VITRO EFFECTS ON GRAM-NEGATIVE BACTERIA OF STREPTO- 
jMVCIN COMBINED WITH PENICILLIN AND/OR SULFADIAZINE 

Major Edwix J Pulaski \xd Mvjor Hinton J B^kfr 
iliDicAL Corps, Umtfd States Arm\ 

T he theiapeutic value of stieptomicin is now well established in the tieat- 
uient ot many types ol infectious disease of gi aui-negative and acid-fast 
etiology ^ Moie geneial use of this agent lias, however, been curbed by tw'o 
impoitant limitations (1) lapid development of miciobial lesistance to the 
ding, and (2) toxicity followung piolonged administration with full doses 

The studies leported in this communication w’eie designed to find a solution 
to these limitations, wuth particulai emphasis on drug fastness The selectne 
oyeilapping antibacteiial spectia of penicillin, sulfonamides, and stieptomycin,'' 
and the demonstiation bj Caipentei® and otheis“ " ot the suppression of diug- 
lesistant mutants wdien eeitain of these agents are used in combination, seived 
as a background The plan of the investigation included (1) a study of the com- 
paiativo baeteiiostatic action in ntio of stieptom 3 ein and of five puiified fiac- 
tions of penicillin against giam-negative baeteiia, and (2) a study of the com- 
paiative rate of development of stieptomj'cm fastness of giam-negative bacteiia 
(a) to stieptomycin alone, to stieptomj’^cin in combination with (b) penicillin 
and (c) sulfadia7ine, and (d) to mixtuies of all thiee agents 

STRFPTOIMVCIN AND PENICILLIN 

Matetiah and Methods — Streptomcm lij drocliloride (Merck) ind sodium sulfadnzine 
wtic obtained in tlie open market Tlie punfied penicillin frnctioi ■> P, dilijdro P, X, and K 
wLio kindh supplied bj the Kntional Institute of Health 

Vnimoiiium penicillin P Upjohn, Lot No 123 — ^BEL — 1, 162o U /mg 
Sodium penicillin dihvdro F Pfizer, Lot No 1G0619, 1610 U /mg 
Ammonium penicillin X Commercial Sohents Corporation, Lot No 
150268, 850 U /mg 

Sodium penicillin K Pfizer, 7/12/46, 2075 U /mg 

A supph of purified custalline sodium penicillin G, Lot No 104115, was furnished 
thiough the couitcsi of Commercial SoUents Corporation 

All agents used in this ini estigation were prepared on a weight basis bj dilution in 
triple distilled water The test oiganisms were maintained on infusion agar under oiP 
and ueic groun in test broth (Pood and Drug Administration) prior to the experiments 
Iho double strength PDA bioth emploied Ins the formula 2 pei cent peptone, 1 per cent 
beef cxtrict, and 0 5 per cent sodium chloride, in water, adjusted to pH 7 2 The single 
stiength broth contains half this concentration 

The procedure of testing was as follows One nnllilitor of stock antibiotic solutions 
piogressneh diluted in sterile distilled water was idded to a series of sterile tubes The 
tubes were inoculated with 1 ml of 1 50 dilution of a six hour growing culture of the test 
organism in double strength broth The end point w is read at the lowest concentration 
showing no tiirbiditj after fortj hours’ incubation at 37° C 

Prom the Surgical Research Unit Brooke General Hospital Brooke Armj Aledical Center 
Port ‘^im Houston Texas 

Receiied for nuhlication Juli 29 1948 
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hesulh — All the Inttcin listed in Tihle I moic tested simultaiieoush to 
pcnieilim ft and to sticptomicin Because of the linntcd sni)i)I-\ of penicillins 
onh rcpicsentati\c nicmbtis ol eith species iicie tested also apainst the pmificd 
fiactions F, dilndio 1 , X and K The icidnus lisVd in Tilde I indicate the 
Inghest dilution m niicio^nms pti iniDilitoi of penicillin and of sticptonnein 
which showed no j^iowth at the end ol loit\ houis mcubatian Poi jnuposes of 
discussion, ciiltuics eoniplctch inhilnttd In 30 /ijr pci niillilitci oi less of anti 
biotic aio classified as sensilnt while all oflieis iiu classified as lesistant 

It will bo noted tint ini no,^ itnt hielcini exhibit a wide ^ nntion in 
degree of sonsitnit\ to tbe iniiihcd prnietllins f enei dh penicillin ft was as 
effectue ns oi moic offLctnc than tin \ dilndio 1 and F fiactions A con 
stant findin^ was llie ulatm infinoiit\ of iicnifdlin K m compaiison witii the 
othei fiactions 

All fi\o sti iins of ihuhfinics f<n<ah\ and st\cn ol twel\e sti iins of Biucella® 
were extiemeh sensitnc to pcimiUni (t Tin supe^]ollt^ of jienicillni \ against 
Brucella o^ei the otlici fiaitions is iiotiwoillu all twelve stnins wcic com 
pletelv mluinted bv 34 pg pci imlliliioi oi less This has been shown to be a 
Imctenostntic effect ]astin„ tbioiub 120 houiN but not buctcnculal it the tunc 
of the fortv horn loading I i\e of iltvcn Proteus sti ins and fi'c of twelve 
Salmontlh stnms wcio inhibited )>\ (oncentntions below 30 /i^ pci niilhbtci 
of penicillm G Tiic ictuaining Silinonella oignnisms wcic niodoi itch icsistniit 
while all but two of the I'cnimnmg Piotcus stnms weu sen icsistaiit Some 
strains among the Pioteus and Salmonella species wcic moio sensitive to pcni 
eillm G than to stioptonucin mniogiam and miciogi im and vice versa The 
fiction of penicillins X ind ( on 1 bcnhclln is notewoHhv Nine of ten stiains 
'\oio inhibited in tlie innge ot 4 to 20 fi^ pci mdlilitci The tenth sti iin was 
'crv resistant All but one of ten Shigella stnms wck icfractoiv to 30 /xg pei 
nnlhhtei penicillin ft mid this gioup m gcneial was found to he niodcratch 
resistant rsclieitclna cdli the Aciogcncs Fucdlnndci gioup and Pseudomonas 
species were veiw icsistant to penicillin cspccialh Pseudomonas The sunej 
suggests tint gnm nc^jative Inelcim show bioadcr nngc of reaction to penicillin 
than to stieptomjcin The snpcuoiitv of sticptomj cm activitv ovci penicillin 
nganist giani iiegntuc bnctcim was icaffimicd All nine gcncia showed strains 
sensitive to stieptomjcin, tlioiigh some niodeiatch lesistant stnms occuiicd 
among Salmonella, Piotous and, piedoininanth, Pseudomonas 

STREPTOMICIN, PEMCILUV, iND SULFADIAZINE 

^aienaU and Methods — The acmonstTation of AVide generic and species vunapon in 
senflitivitj- to penicillin, nnd of the greater sensiti'vitv of some organisms to penicillin than 
to «treptom>cin led to the second phase of this atudv This phr e was concerned mth the 
effects of combinations of penicillni G, sodium sulfadiazine anci streptomv cm on the sensi 

These Brucelfft A\ere not fre l»Iy Isolated orcanl<inis but stock cultures obtained (In 
orucr of presentation in Table I) from the following sources Pr Schuhardt Uni^ersltj of 
rexfts f,o8 -1 6 8 9 10 and 11 Col P Kuhns 4th \rmj Jlcdlcnl Laboratory Nos 1 3 
and 1 and Dr H L Morton UnUerslt> of Penns\l\an!a ‘'chool of Medicine Nos and ^ 
Penicillin Is bacteriostatic not bactericidal Growth Is Inhibited by the concentrations U<?t d 
for longer than five daja VdlUlon of penicdlinn e to tubes showing conn lete Inhibition cau'ics 
reerovvth of the organisms the rate of reprowth being ln%er^elj proportional to the concen 
iratlon of pt-nlcfllJn in which thej weie exposed 



Tabu I Comparative in Vitro Action op Purified Peniciiiin Fractions and Streptomycin on Gram Negative Bacteria 
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tivitj- and on the rate of de^ elopnient of resistance to streptomj cm of five gram negative 
bacteria in the presence of combinations of the drug The oomparatue sensitivities m 
micTOgrams per nulhlitei of the test organisms to the tno antilnotics are as follows 



STEFFTOIIJCIN 

1 FNlCILLIN 

Proteus lulgaris 

32 

12 

Proteus 0X2 

4 

250 

Proteus X19 

16 

>125 

Escherichia coli 

8 

35 

Pseudomonas aerugmosa 

16 

5,000 


The object of the first experiment nas to determine whether penicillin or sulfadiazine 
would preient or del iv the emergence of streptonii cm fast bacteria The concentration 
of pemcilliiij 1 5 Aig per milliliter, was the constant and the concentrations of streptomj cm 
were the variables All strains grew freelj in broth containing this concentration of 
penicillin A parallel experiment was set up to deteianme whether sulfadiazine, 150 fig per 
milliliter, would prei ent or delaj diaig fastness to streptomj cm when the two drugs were 
present m combination Bacteria grew freelj- m broth containing this amount of sodium 
sulfadiazine 


Table II Effects of PENnciLLix, Sulfadiazine Alone akd in Combination on 
Sensitivity and Fastness op Bacteria to Stfeptomycin 



1 p vuiGvris 1 

1 P 0\2 1 

1 P Y19 I 

ESCH 

COLI 

|PS AERUGINOSA 

1 t 

B 1 

1 A 

B 1 

1 A 

B 1 

V 

B i 

I A 

B 

Streptomj-cm (S) 

32 

6 

4 

4 

16 

5 

8 

13 

16 

6 

S and P* 

O 

13 

1 

4 

16 

4 

8 

13 

16 

6 

S and SADt 

8 

6 

1 

10 

2 

43 

8 

28 

8 

8 

S and Pt and SADf 

05 

20 

1 

7 

2 

30 

4 

24 

8 

14 


A Streptomi cm concentration required to inhibit btom th 
B Number of daili transfers in streptomj cm to effect drus: fastness 
*P Concentration of penicillin 1 5 #ig/ml 
tS VD Concentration of sodium sulfadiazine 150 pB/ml 
tP Concentration of penicillin 0 1 to 0 75 /itr/ml (see text) 

5SAD Concentration of sodium sulfadiazine 10 to 75 ne/ml (see text) 

The experiments were conducted as follous Serial dilul ons of streptomj cm m the 
range of 256 to 0 o )ig were prepared in 1 nil amounts, and 0 1 ml of the adjui ant solution 
(penicillin or sulfadiazine) vas added to give the desired final concentration The tubes 
were inoculated vitli 1 1 ml of 1 50 dilution in double strength broth of a six hour growing 
culture of the test organism (estimated three hundred million organisms per milliliter) Thej 
Mere incubated for fifteen to eighteen hours at 37° C and then read The organisms shouang 
growth m the tube containing the highest concentration of streptomj cm were seeded to 
normal broth and allowed to grow for approximatelv six hours The test was then repeated 
iiith tlus culture Tins procedure uas continued daih until the organisms showed con 
sistent streptoniicm resistance For controls, one senes with streptomj cm alone was 
transferred each dav until drug fastness occurred To check the potencj of the antibiotics, 
a test was set up dailv u itli organisms of known sensitiviti Platings at intervals through 
each series checked for puritj" of culture 

The object of the second expenment was to determine whether penicillin and strep 
tomicin together with sodium sulfadiazine would preient or delav the emergence of strep 
torn! cm fast bacteria "When both penicillin and sodium sulfadiazine were combined m 
half the concentration previousB emploved, in ei err instance, except that of Pseudomonas, 
there was complete bactenostasis ei en in the lowest concentration (0 5 pg per milliliter) 
of streptoniicm Consequentlv, the concentrations of penicillin and of sulfadiazine had 
to bt reduced tuo to eight times to permit growth in the piesenee of mixtures of the 
three agents 
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riff 1 — Dcnionatratcs tlio efCcct of combinations of penicillin and/or sodium sulfadiazine 
scnsUhltj and rale of dcxcloping streptomjcJn fastness of P 'V«I^7an5 The 
oruinates ahOTt tlio amount of stroptoimcln in nilcrograms per milliliter required to produce 
\\hcn used slnKl> when combined with cither penicillin or sodium 
auiraalazme and when the three agenti were emplo>ed together The number of dailj trana 
lera required for streptonijcln resistance to occui under conditions of the test is indicated 
on the abscis as 


licsulls — Tlic icsults of the in Mtio ofttets of combimtions of jicnicilhn arid 
sulfadnzino with sticptonncin arc shown in Figs 1 to 5 and in Table II As 
shown m 1 ig 1 and Tabic I I* vulgaris icquued 32 and 12 ;ig pci milliliter of 
streptomjem and penicilliii O lespcctivclj to effect complete bactciiostasis Si\ 
tmusfci's in sticptom'v cm Inoth wcic leqiurcd for the organisms to grow freeh 
111 excess of 100 ;tg sticptomjcin pci milliliter The addition of 1 5 per 
milliliter of penicillin G i educed tlie streptomjcin requirement fiom 32 to 2 /tg 
per milliiitci, winch rcpiescnts one sixteentli and one eighth of the individual 
requirement of the two substances The penicillin stieptom-\ cm combmation 
delnjed the time of occiuience of ding lesistance from si\ to thirteen Uansfers 
Sodium suHadiazmc in tlie nmoinit of 150 ng per milliliter reduced the bacteno 
static concentration of stieptomAcin fiom 32 to 8 ^ig pci milhlitei, which is a 
fouifold leduction Sodium sulfadiazine howe^ei, did not alter the rate of 
emergence of slreptoniACin lesistant organisms Penicillm and sodium sul 
fadiazine combined in one quaitei amounts (0 37 and 37 p.g pci milliliter respec 
lively) allowed giowth of this oiganism, but the addition of onh 0 25 tig per 
niilliliter streptomycin to this combination was '•ompletely inhibitory The com 
hination of penicillin and sodium sulfadiazine in only one eighth the amounts 
U'5ed alone leduced the stieptomycm icquirement from 32 to 0 5 fig per millilitei, 
sixU foui fold dccieasc A synergistic action of tnese three diugs on this 
oij,anism is sugoested i\roreo\ei mth this combination, diaig fastness to stiep 
loniycm was letarded fiom six to twenty transfers It is significant that diaig 
resistance to streptomy cm ultimately did occur 
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NUMBER OF TRANSFERS 


Fig- 2 — Demonstrates the effects on streptomj cln sensiti\ lt\ and rate of development 
of streptomjcin fastness of Proteus 0X2 uhen streptom\cln is combined vith penicillin and/or 
sodium sulfadiazine 

Fig 2 illustrates the lesults with a stiain of Pioteus 0X2 This eultuie 
lequiied 4 /ig pei milliliter stieptonijcin oi 250 /tg per millihtei penicillin for 
complete suppression The organism became fast to 100 ng pei milliliter aftei 
foui tianstei-s in stieptomjmin hioth The addition of 1 5 /tg per millilitei oi 
penicillin Cl i educed the streptomycin lequiiement fiom 4 to 1 /tg pei millilitei, 
in the face of apparent penicillin lesistauce of the organism This combination 
effected no delay in the time of acquiied resistance Sodium sulfadiazine, 150 
/ig pel millilitei, reduced the stieptomycin lequirement fiom 4 to 1 /tg per niilli- 
litei, and Mitli this combination ten transfers weie required to produce a strep- 
tomjein-fast cultuie agamst four transfers with stieptomj cm alone The simul- 
taneous combination of penicillin and sodium sulfadiazine with stieptomi cm in 
one-fouith the concentrations used indmdually also effected a reduction in the 
stieptonncin lequiiement from 4 to 1 ;ig per millilitei, and delayed deielopment 





Is combined with pcnictilin aml/or odium sulfidlazlne 
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of stieptom'\cm fastness fiom foui to seven tiansfei-s Although tl is lesult 
lepiesents a less impiessive effect than that achieved with sodium sulfadiazine 
and stieptomycin, it is emphasized that only one-fouith the concentrations of 
sulfadiazme and penicillin weie used Concentrations in excess of this, when 
comhmed with the 0 5 fig streptomycin pei milliliter, caused complete inhibition 
Fig 3 represents the effects of the various agents on streptomycin sensitivity 
of a stiain of Proteus X19 This organism required 16 yg pei millilitei strep- 
tomycin and greater than 125 fig pei millilitei penicillin G individually foi com- 
plete inhibition With streptomycin alone, five transfers in siib-bacteiiostatic 



NUMBER or TRANSFERS 


Fig 4 — Demonstrates the effects on st^eptom^cln sensitnitj and rate of development 
of streptomycin fastness of Bscli coU when streptomycin is combined with pemcIIIIn and/or 
sodium sulfadiazine 


concentrations veie made before streptomycin fastness to 100 fig per millilitei 
vas attamed The addition of 1 5 /ig per miUilitei penicillin G reduced neither 
the streptomycin lequirement nor the number of transfer’s necessai’y for resist- 
ance to occur Sodium sulfadiazme effected a reduction of streptomycin lequiie- 
ment from 16 to 2 fig per miUihtei and the stiiking lesjstance dela 3 ’- from five 
to for tv-three transfers The mixture of peniciUm G and sodium sulfadiazme 
m the media in one-fourth the individual concentrations reduced the stiepto- 
mvcin requirement agam from 16 to 2 fig per milliliter and effected a delay in 
resistance to streptomycin from five to thirty transfers In this instance also, 
the use of coneenti’ations in the niixtuie in excess of oiie-fouith each uith 0 5 
fig per milliliter streptomicin prevented gioAvth 

Pig 4 illustrates the effects of the combined drugs on Esch coli Stiepto 
iiiA cm 8 fig per millilitei and penicillin G 35 /ig per millilitei mdividualh com- 
]iletclA inhibited this organism In streptoniAcm broth, thirteen tiansfci-s veie 
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made before tiio cultuie showed consistent giowth in 100 jig pel milliliter The 
addition of 1 5 ng poi millilitti penieillin G caused neither leduction of strep 
toniycin rcquiienioiit nor delai in acquiied lesistanee Sodium sulfadiazine 150 
Itg per millilifei caused no dccieaso in initial stieptomiein rcquiiement but 
effected a delai m acquired lesislaiiee fioni thiitcen to tnenti eight transfeis 



NUMBER OF TRANSFERS 


Re 5 — Demonstrates tf:e effect on streptomycin •?ensltlvlt\ and rate of development 
or streptomjcjn fastness of Ps nen/^ino»a when streptomycin Is combined ^Ith penicillin 
ana/or sodium sulfadiazine 

One half these amounts of penicillin G and sodium sulfadiazme with 0 o ng per 
milliliter stiepfomjein allowed no growth When one fourth the indivadual 
concentrations weie used togethei, the streptomjem needed for complete inhibi 
lion was reduced fiom 8 to 4 i<g per milliliter and resistance was delated fiom 
thirteen to twcnti four tiansfeis 

iig 5 demonstrates the effects of combined antibacteiial agents on Fs 
1‘eniginosa This stiam leqmied 16 /jg stieptomycm pel millditer and 5 000 pg 
per miUilitci penicillin G indiiidiialh for complete bactenostasis With strep 
tonnem alone, six tiansfers occurred before resistance was acquired Penicillin 
f 
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1 5 /xg per inillihtei had no effect on the necessaiy initial concentiation of stiep 
tomj'-ein noi late of enieigeiice of lesistaiice Sodram sulfadiazine 150 /j-g per 
inilhlitei lediiced the initial stieptomycm leqiiiiement fiom 16 to 8 jag pei 
iiiiUilitei and delated lesistance fioin six to eight tiansfeis only Howevei, 
when one-half the coiicenti atioiis of penicillin G and sodium sulfadiazine used 
individually weie combined with stieptomycm, theie was a delay in acquiied 
lesistance fiom six to fouiteeii tiansfeis When the combination of these three 
dings was tested in the same mannei against eight additional stiains of Pseudo- 
monas, similar lesults weie obtained with five Thiee stiains mitially lesistaiit 
to stieptomycm evidenced no effect by the addition of the othei agents within 
the lange of the experiment 

DISCUSSION 

Restudy of the action of penicillin on giam-negative bacteiia was basic to 
imestigation of the possibility of suppressive effects when the antibiotic was 
comlnned with stieptomvcm The siisceptilnlity to penicillin G and X of Neis- 
seria® and Hemophilus^'’'^ is well known Survey of nine other genera of giain- 
negative organisms indicated that Alcaligenes and Brucella, in the mam, were 
moderately sensitive Ebeithella’'”’ uas slightly sensitive On the other hand. 
Pseudomonas, Aeiogenes Piiedhmdei, Shigella, and Eseheiichia were moderately 
to completely resistant Several strains of Proteus and Salmonella yveie moie 
susceptible to penicillin than to stieptomycm, but the action yyas variable, the 
levei’se also being the case The greater susceptibility ot Brucella to penicillin 
X than to penicillin G may be of practical importance The consistent inferi- 
or ity of penicillin K action and the unspectacular action of penicillins P and 
dihydio P east doubt on then possibilities as therapeutic agents against gram 
negative infections Penicillin G was consistently the most effective fraction 
Comlimatioir of penicillin G yvith sti eptoiiiy'cin gave negative results yvhen the 
concentration of penicillin yvas less than inhibitory Only m the case of P vul- 
cjaiis, yyhicli yyas lelatiyely sensitive to peniciUm, yea's there any effect on the 
amount of sti eptoinyyin necessaiw for bacteriostasis and on the nrrmber of trans- 
fers for developing stieptomycm resistance On the other hand, the tyvo anti- 
biotics m combination shoyyed no antagonistic action 

Sodium sulfadia/me added to streptomymm reduced the initial stieptomycm 
lequiiement tyvo to eight times for four of the test organisms, and the tyvo 
agents m combination delay'ed microbial fastness to stieptomycnr m four out 
of fiy e instances 

The use of a combination of penicillin, stieptomycm, and sulfonamides yvas 
fii-st adyocated for mixed infections yvith several species of bacteria It was also 
recommended for the treatment of immediately life-endangermg infections of 
rmceitain etiology Successful experiences yyith combined sulfadiazine stiepto 
my cm therapy for biucellosis® after failure yvhen each drug yvas used alone 
emphasize the possible value of tyyo drugs to control an infection caused bv a 
single bacterial tyqie 

It yyas noteyioithy m these expeiiments tliat yidien penicillin m relatively 
small amounts yyas added to the media containing both sulfadiazine and strep 
tomycm, the bacteiiostatic concentrations of the latter dings could be reduced 
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sigiuficFiith 'iiul ictirdatioii m the latc of stieptomycin icsistancc could be 
oftcctcd Theio ajFpcars to be a penicillin effect not ahvaas in evidence avben 
jionicinm uas used m eombinafion uilh strepfonij cm alone Tins pbenoinenon 
Aicll dtnionsli ates the oppoUunif\ foi the cfTectnc use of lelatncl^ small 
amounts of penicillin ifriinst inseiiMtno iin nef'ati\ c baeteiia that is when 
tlio or^amsnis (an iit. iflectcd ouK h\ maifiiinl oi putialh mhilntoiy doses ot 
stie])tonncin ind siilfidinJ'inc 

Complete hacteuostasis ot tin iinsius is essential to ciadicato infection 
Continued inultiplicaliou of Incteiii in ln^ combination uith stioptonnein of 
these autiiniciobial agents in submhibiton amounts amU c\entualh lead to 
streptonncin fastness Tlicso studio^ '*hould thcicfoic not be intcrpieted to 
indieato tint the management ot inftrtions leqniiing^ combinations of clings to 
eontiol them pcinuts ccononn in iJr use ot the chugs In tlie lediiction of 
dosigcs On (he coutiai'A inavimd tlui ipoutic dosages should be initiated and 
nnmtnuicd until tlic optimal thci ipnitic lesponso has been achieAed 

suMAt \HA wn ro\ci 

There Ins liccii icpoitid in this communication a •‘Cues of in Aitio studies 
coiiccnimg; the c/lcet of sCrcptoinuin combined uith penicillin oi sulfadianne 
01 both against j^iam neg itnc bactciia with special emphasis on the dcAclop 
aicnf of chug icsistance 

1 Tlio „nm uegatue oigamsms tistcd sIioaa gronlci Aniiatiou in scnsttiMtj 
to penieillin than to sticptomAcin The Buicclla aic acia sensitiAc in Aitro 
cspocialh to poineilJjM \ The oidei of scnsituitA for tlie othci genera is as 
follows Aleahgcups 1 bcitheih Salmonclh Protons Shigella rseheiieliia 
AeiOpcnts Fucdluidci uid Pseudomonas The action of pcnicilhu is bacteno 
viatic not bneteiicidal 

2 StroptomACin in combnntion with penicillin and sulfadiazine is optimalh 
Mcteiiostatic foi giam negatne baclcin and ^hosc diugs in combination delaj 
the cmcigcuet of diug fast cultures 

3 These studies suggest tli it m addition to the use oi combinations of peni 
edlm, sticptomAeni aiul the sulfonamides foi mi\ed infections caused bA soAeral 
species of bactciia, such combinations maj also be useiul for infections caused 
h} a Single etiological agent Some chnieal eAidencc to this effect alrcadA exists 

4 It is essential aaIicu tlicse comliinations aic employed, that maximal 
thenpeutic doses of the diugs be initiated and be maintnined until the optimal 
therapeutie icspon&o lias been efttefed EcononiA bj i-eduction of dosage is not 
indicated and max guc rise to diaig fastness 
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ADDENDUM 

These authors show that streptomycin combined with penicillin or with sulfathiazole 
has an additive or synergistic action in i itro on strains of Brucella, Eberthella, Salmonella, 
Shigella, and Escherichia 

Bozzo, A Eicerche sui sinergismi chemioterapici in vitro I Sull 'attivita antibatterica 
della streptomicina associata a penicilhna o a sulfamidici sulle Bruoelle, Boll Soc 
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antibatterica della streptomicina con pemeilhna e sulfamidici sulle Eberthelle, 
Salmonelle, Shighelle ed Escherichie, Boll Soc ital biol sper 23 748 750, 1947 



I JtUMPS \ ACCINE 

SlUnlFS ON Ifl M\N VOLUNTEFBS 

n\sc\Lr 31 JIuMz AID IIoriceSI Powell, Sc D , and 

rL\Di U (iimnTSON JID 

iNDiwMoiis Ind 

T he e\oi inciensmg demniid oI plnsioans and the American public for addi 
tioiial llllllUllll/'lllg^ncclIlcs against the tommou \itus diseases has stimulated 
iin estimation and dei elopiiient ot i new specifie \nccine The work presented 
herein concerns the inns which eiiiscs mumps Otiginal immunization inwesti 
gallon was caiiitd out with Ine \mis oi attemnted ciiltuies as vaccines ' 

Since the fiiNt studies hi lohiison and (loodpastiire in 1934,^ and the isola 
lion of a filteialile citotiopic iiius with i piedilcction for the parenclijina] cells 
of the pirotid, seiei il attempts hine biert made to perfect a suitable immunizing 
product In March, 1947, in cditoiiat in the Journal of the American Medical 
Association brought tlie impioiid mumps lacenie of Enders and co ivorkers 
from the realm of the cNpcriimiit il joiiinals’ It placed the possibilitj of the 
development of an adequate immunizing laeciiic before the practitioners mho 
would hate the opportuiiiti to use tins saci iiit on a hi’ge scale 

Pecentlj an entile issue of the louinal of the American Medieil Association 
was dototed to I'ctiows and lepoits toncciniiig the siriiscs and the virus diseases, 
homcier, little mention wos nude oi in\ lecent idtance in active immunization 
m mumps Schultz in liis discussion ol the present status of v liaises and mi us 
diseases noted the phcnomeual adi inees ind i apidla widening interest in these 
diseases ‘ 

Bcfoie anj tacciiio can bo used clinicallj it must lun the usual gamut of 
evperimental tiial on human beings Because of the importance of mumps in 
iwilitarj mcdicuie a considenble mioiint of uivestigatne work was undertaken 
'n members of the United States Public Health Seiwice to work out a pnctical 
means of determining siisceptibiliti and of propln lactic immunization The 
editorial (J A M A, Mai eh 1947) led one to belieio that the final product 
Would be a viable vaccine Should this pioduct, of necessitv be a viable virus, 
Its use would bo limited bj the same factors which limit all viable products 
Preparations of the live viius aie whollj unsatisfactorj smee the patient can be 
41 ' cn no asiiirancc that he would not become ill with the disease against which 
immunization is desired 

In a icpoit bj Endeis and associates in 1946, it was concluded that the 
mumps virus aftei twentv five passages in the chick embrjo appeared to be 
incapable of inducing “typical mumps" in presumptively susceptible” human 
beings, when spraj ed into the oral cavity They also found that this material 
might irregularly lead to the foimatioii of a complement fixing antibody (here 
after d esignated as C P A ) ' 

, ,,, P'rom the Department of Internal Medicine Indiana UniA ersltj Medical Center and The 
Research Laboratories 
Received for publication Sept 15 1948 
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Habel has been able to pioditee parotitis in monlceys on iminnmzation at- 
tempts nith live egg cmbr\o Mius and thciefoie it seems unlikely that such a 
viable pioduet yould suiMve clinical ciiticisin Fuithermoie, Habel has stated 
(peisonal eoinmunication) that although he had not used a live mius piepaia- 
tioii in human subiects, his viius stianis ucie still able to pioduce a "good 
pai otitis” in nionkeis aftei thiit> egg passages- He stated m unpublished data 
that he had “good lesults” yith the inactivated vuus given nitiamuscularly to 
human beings He concluded fiom the lattei data that there Avas no good reason 
foi using the actiAm virus ^ 

"We piopose to present clinical data coneeimng the use of intiacutaneous, 
nonviable mumps vaccine on a group of unselected human volunteers The 
volunteeis consisted of medical students, nui’ses, and patients at the Indiana 
University Medical Center and Indiana Unwersity School of Medicine 

il/itmps Viuis Shams — Two stiains of mumps virus iveie used one ivas 
piocured fiom Hi K Habel,* and the other from Dr J Endeis t In tests 
conducted bv us, no diffeiences have been found betueen the tivo stiains 

CulhvaUon of the Vims — The a irus AA'as propagated by inoculating 7-day- 
old chick embryos AAdiich aacic incubated at 35° C tempeiatuie Inoculation 
of the eggs a\ as similar to the usual technique foi that of the influenza Auruses 
The peiiembivonic fluids Aveie hanmsted Tests shoAved them to contain the 
highest content of the viius 

pj ope? ties and Conhol of the Virus — Since mumps vims propagated bj 
egg passage is not infectious foi the smaller laboiatory animals, the presence 
of viras in the egg fluid is determined by complement-fixation (Bengtson tech- 
nique)® and hemagglutination tests (Hirst technique) ' 

Saaiss mice Avere given peiiodic intranasal instillations of the Aims to check 
chance contamination AAith othei viiuses, and homologous and heteiologous in- 
hibition of hemagglutination tests uere done Avitli mumps and influenza viruses 
and the coiiesponding antiseia 

Lahoiatouj Test of Mumps Vuus and Production of Mumps Anhvual 
Scuim in Pats and Rahlnts — ^Each yield of vaccine was tested in five lats, the 
annuals being in3ected intraperitoneally Avitli 0 2 c c on alternate days, then 
bled one AAeck aftei the sixth and final dose of vaccine "With noimal rat seia 
as a control, complement fixation and hemagglutination inhibition tests Aveie 
conducted with these sera to determine the amount of response Titers of lats 
immunized in this waj are not unlike those of human beings Antiviial serum 
was pioduced in labbits by twuce weeldv intiavenous injections of 5 0 ce of 
the egg-passage antigen The animals iveie bled one or tiAo weeks after the 
eighth and final mjection 

Preparation of Shin Test Antigen — The peiiembnome fluid Aims antigen 
was eentiifuged for a short time to claiify it, then diluted to contain 20 com 
plement -fixing antigen units pei cubic centimeter The antigen was then heated 
to 65° C for ten niimites, tested foi steulitj, and Jlerthiolate (sodium ethyl 


•United States Public Health Sen ice 
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mercuii thiosnhcylnte, Lillv) 1 10 000 Mas added as a plesenatl^e The 
IS susceptible to the inactintmg effects of heat foimalin, ethei and ultn 
Molet irradi ition “ 

Our or antigen, ns piesent in this si in test antigen, is of conise the 
“Mnisboimd” antigen ns desciibed bj Heiile, Henie, and Hams® It exists 
primarilj in the peneiiibiaonie fluids as distinguished from the mumps embryo 
membrane "iitigen Accoiding to Henie and coiioikeis the virus bound 
antigen is sedimentable at 20 000 leiolutioiis per minute The coiiesponding 
CP antibody, uhilc slouei in appeaiante peisists longer aftei termination 
of the disease On the othei hand the ‘soluble” smallei size nominis CP 
antigen associated uith fixed tissue (and «ith Minch Me ha\c not dealt) gives 
a short teini antibody i espouse m elniical mumps 

CL.IMCAL STUniCS 

S/in Tests — One tenth cubic centimeter of lactine containing 2 0 comple 
nient fixing units Mas placed intiaeiitaneoiish on the flexor aspect of the fore 
arm 

S/in Test Reading — Tests Meie read ns positne if the area of eiithema 
and induration (edema) Mas laigei than 1 cm , negative if the zone of eivthema 
Mas not greater than 2 cm and slioued no ciidcnco of indiiiation All skin tests 
were read betMccn tMenta four and thirti six horn’s at mIiicIi time the local 
reaction mos at its maximum 

The color Minch dca eloped mis similai to that seen Mitli the loiitine JIantoux. 
skin test Mith tuberculin 


SUGGESTED INTEPPRETATION 


(AKBlTrjlRILV SET AFTET OBSERVINO 400 SKIN TESTS) 


1+ 

1 cm 

>• 2 cm 

diameter 

2+ 

2 cm 

> 3 cm 

diameter 

3+ 

J cm 

> 4 cm 

diameter 

4+ 

4 cm 

Greater 



S! in Tests — Pom hundred intracutancoiis injections each containing 2 0 
units of complement fixing antibody haae been gnen to date There has been 
no cMdcnco of sjstemic reaction or untoward symptoms The typical local 
reaction in persons mIio had a definite history of mumps and a significant CPA 
titer Mas an erythematous indurated area of 2 by 3 cm to 3 by 6 cm The 
epidermal tissue acquires hypersensitmtx to the antigen foUowmg previous 
experience m ith the In mg oi killed nius 

Originally the test was designed as a method for demonstiation of an 
allergic response to the heat inactnated virus It Mas supposedly a convenient 
index of determination of susceptibility or resistance of the individual to heat 
inactivated nrus Evidently from the clinical data furnished bv Bnders and 
eoMorkers in 1945, then inactivated viius produced little oi no immunity as 
measuicd by the complement fixing piocedure Then antigen Mas piepired 
from the infected monkei parotid ours horn infected eggs as described 

Hvperscnsitivc state (that is, positive skin test) could first be demonstrated 
•letMecn the second and third month followung convalescence “ It Mas therefore 
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concluded that the skin test would have no value in diagnosis duiing the active 
disease Piesumptne diagnosis can be made fioiii the clinical pictuie and an 
absolute diagnosis fioin rising CPA titeis and cultuie of specific virus 

Endei-s stated that “this skin test niateiial ’ iias weald j antigenic, capable 
of stimulating the production of antibody in ceitain of those pieviously infected 
but incapable of inducing “de novo” antibody formation in those who have not 
encounteied the virus Attempts at local passive transfer bj technique of Piaus 
iiitz and Kustner could not be demonstrated 


PATIENTS 


SKIN TEST 


HISTORY 



MUMPS VACCINE, Comparison of Intra-dma! Smitmiy and ffstory 


Fig 1 


Human convalescent scram of high titei in CPA was injected into the 
skin of an individual who had pievioush tailed to react to tlie skin test niateiial 
After an inteiwal of tventi -four houi-s, 0 1 c c skin test material vas injected into 
the same area No immediate oi delaied reactions were noted 

Endeis presented evidence that individuals who veie exposed to the vims, 
\et shoved no clinical eiidence of tlie disease, developed a giaduallj^ using 
CPA titei and lightly concluded that an mappaieiit infection had been pieseiit 

The intraeutaneous skin test was applied to a gioup of volunteers four 
montlis aftei a previous test vith the same niateiial In the majoiiti of the 
eases theie vas a moie maiked leaction to the second dose Eeadings which 
vere oiiginallv 1+ and 2- veie greater than the minimal 4+ (4 cm ) reaction m 
many A group of lolunteeis vho had negatne skin tests oiiginallv had 3 to 4-^ 
on tlieir second skin test WoikonCPA titration will be lepoi ted latei The 
opposite ami was Hised for subsequent skin tests to aioid possibihti of local 
In-persensitmti 

Pioni these lesults ve aie foiced to question the significance of a second 
positne skin test m people vho hare the clinical pietuie of mumps We do not 
believe that a second positive skin test vould substantiate a clinical diagnosis 
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Miicc Mt luuc shown uses in C P V titois compaiable to those in mumps follow 
in^r one si m test dose V iibiiiR- C I A titei would be icr} significant if not 
influenced hj innetnated intigin \m the intndemnl oi subcutaneous loutcs 
Compnratnc studies of liiston ind intndemnl sensitmh on infoimation 
obtained from indniduals lining oin si in test dose of antigen are seen in Fig 1 



Flff ’ 


C F \ STUDIES 

Cnders (Har\aid UnucisiU) icpoitcd complement fixation tests for diag 
nosis ol mumps imdc from egg antigen to replace the more expensive and less 
practical source from monkeis 

To show the use in titei he stated fJiat the test should be made mth two 
specimens of serum, one taken soon after the onset of the disease the second at 
the end of the thud week, for most of the coiualescent senims showed a high 
htei aftei the second week 

fn a senes of seientj file uuselecled cases we gaie 2 0 complement fixing 
>imts of heat I died mumps sums \accine Piior to jntraeutaneous injection of 
tbo noHMabk mumps mi us a specimen of blood was obtained to check the com 
pkment fixing nntihodi titoi as a control 

Foil! weeks latci u second speennen was collected and its complement fixing 
antibodj titci was also determined Pig 2 gives us a graphic representation 
of the C P antibody titiations !)cfoie and after the intndermal dose of laccine 
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Encleis and co-noikei’s lepoited positue complement fixation tests on 1+ 
01 2+ leaetions Oni figuies aie coiiespondinglv iiiueli lowei since a “posi- 
tive ’ C P leaction vas read as a 2 iositnc to the fiist 2+ leaction, foi examiile 

Sample case 12 14 IS 1 16 1 S2 1 64 1 12S 1 256 1 512 
4+ 4+ 4+ 2+ 2+ 2+ 1+ 1+ 1+ 

1 16 vas the end point 

It is endent tliat a niaiked cliange took place in the C P antibody titei 
(Pig 2) 

Studies of specimens taken tvo weeks following iiitiadeimal laccine showed 
significant uses in CP antihodv titiations ahoie the contiol seinms checked 
(Results to be lepoited in a subsequent lepoit ) 

Tins IS compaiable to studies done on comalescing mumps patients by the 
Ilaiyaid gioup In foui cases desenbed bj Endei-s and eo-woikeis the CP 
antibody made its appeal anee befoie hypei sensitivity could be demonstrated 
In many eases CPA was present on the fiist dai of clinical snuptoms Dermal 
InpcisensitiMty fiom mumps may last as many as fiftA leai-s This was demon- 
stiated in seveial eldeih^ subjects 

Compaiatne studies betw'een liistoii, intiadeimal sensitivity and comple- 
ment-fixing antibody titxation aie illustiated giapliicaUy in Pig 3 

DISCUSSION AND CONCLUSIONS 

Slumps becomes an impoitant disease wheneyei propinquity of imal and 
111 ban jieople becomes a necessitx , fox example, nnlitaxw camps, summex camps, 
and xxnixexsity centers 

It has been lepoxted bj Pox that dxixiiig Woild "Wai I mumps w'^as third 
among the diseases causing loss of duty time Veneieal disease and influenza 
weie listed as fii-st and second ofteiidei-s The Siiigeon Genexal of the Unxted 
States Aimv lepoited that in 1918 mumps accounted for 7 15 per cent of ad- 
missions to aimy hospitals A total of over 166,000 cases was leported Woll- 
stein lepoited epidemic parotitis as the fourth disease in the bst of causes of 
admission to hospitals, but it was the second laigest cause foi loss of time In 
1940, Suigeon Geneial Paiian of the United States Public Health Service stated 
that mumps was second onlv to venereal diseases among the disabling acute 
infections of leeruits 

It must be lemembeied that the incidence, high as it is, is actually relativelj 
liighcx because most iiidniduals hare had the disease in childliood Eadin, in 
5,756 cases, found f oi tx -sex eii wnth a liiston of pxexious attack — 0 8 per cent” 

In 1943, a “heaxily infected” companj of 194 soldiers at Camp McCoy, 
Wis was studied Nineteen per cent of the gioxip eontiacted mumps during the 
sixteen weeks xxhieli elapsed between the onset of the first and last case This 
jiercentage closelx parallels oui cases who had negatne skin tests 

Thixtx-two per cent of the soldiers at Camp Wheelei (Woild War I) had 
mumps at one time ox another duruig their stay at camp In the A E P during 
Woild Wax I, one in eveiy twenty white men and one of men six Negroes 
had an attack 
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The total nioitahtv ni the U S Aini> ui AVoild War I acciedited to iniinips 
as the oraginal diagnosis was 181, but these deaths weie associated in eveiy case 
•with a secondai-j diagnosis winch lequiies consideiation in at least partialh 
acquitting mumps of responsibilitj* 

Eagle repoited a foui-yeai mxunps epidemic in one camp in ivlnch 2,500 
patients weie hospitalized Of 1,664 cases leviewed, epidid-^mo-oichitis occiiried 
in 25 54 pel cent (The aveiage age of patients was 24 79 yeais ) In this age 
gioup it IS a debilitating disease of no small consequence McGiiiness and Gall 
studied 1,331 eases at Camp McCoy and found 36 2 per cent of the patients 
■\Mth mumps i\ith epididjnno orchitis Orcliidotomies weie peiformed on eighti'- 
thi ee soldiers at Camp McCoy 

Gregg in 1941 pointed out the high incidence of congenital malformation 
in children born to motheis who had German measles (lubella) during the eaih 
months of piegnaiiey Since then, the woik has been eonfiimed by several 
other workers, more than 400 eases being lepoited Incidence of malformations 
follovnng rubella infection in the first two months of pregnancy is almost 100 
per cent Abnoimahties lesulting fiom rubella infection in the piegnant 
mother cataiact, heart defects, niicrocephah and deaf -mutism 

This work stimulated fuithei research to detemine the effect of related 
viruses, for example influenza A and mumps Hambuigei and HabeE® found 
that infection of S-day-old chick embryos resulted in mrmips virus multiplication 
in the allantoic sac, although the mumps nrus was lethal for early embryos 
intliin five da 3 s aftei infection They presented well controlled experimental 
e'vidence to show that mumps virus has questionable tei atogenetic effect on early 
chick embryos (studies have not j'et been completed) 

Johnson and Goodpasture attempted to confer passive immunity to intia- 
paiotid infection bj- injection of seium from persons immune to mumps These 
attempts failed except in lare cases 

Pooled human serum has been used as a piophjdaetic measuie in individuals 
exposed to mumps Theie aic screial disadvantages to this method of prophy- 
laxis 

(1) The peiiod of immunit-^ is piobably shoit 

(2) Immune serum fiom convalescent patients should be taken vnthin 
till ee M eeks of onset date to he most efficient 

(3) No 2 makes large scale immunization impractical in epidemics 

(4) The amount of pooled serum recommended raries between 20 and 40 
c c in adults and in out experience has proved verj' painful to the 
1 ecipient 

(5) There is alva-\s a danger of transmitting homologous serum hepatitis’® 

Set oral consider ations present themselves 

(1) What individuals should be raccinatcd^ 

(a) Should the ^ acciiie he used in children® 

(b) Would the immunitv confened hr the disease itself be more lasting 
than that guen In the vaccine® (We arc confronted vith the 
problem of the age at vhich attempts at inimumzation should 
begin ) 
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(2) ^youId tlie ■\'icPinc [nexent taih letal dtatli ind congenital abnonml 
ilics due to muinin in nifnits if picgnant mothers Mere \accimted iii 
earlj pregnnnp\ tli it is if tlics guc no liistorv of having mumps m 
tho past? 

(3) Does miimjis piodnte a lasting inimunit> to all manifestations of the 
disease oi meieh picaent the lecuiience of paiotitis? 

(a) If so should tlic \ aetinalioii he giacn m spite of a positiae histon ’ 
(h) What place vonld the anmiic ha\e in immunization of the militan 
forces? 

(4) W hat jilace does the aaecnn haat m a mumps epidemic? 

(a) Should all noniniimim people (fiom indiaulual histon) i\ho eon 
taet eases he aaccinated’ 

(h) 'Would a aaceination pioteit them or docs the rapid iiicuhation 
period prohihit dcaelopment of imnnmitj in time to protect the 
indnidual? 

(5) Since immune glohiiliii guts onh short passive immunitv should both 
immune globulin and the vamne he given concomitantly? 

(G) Are “hoostci ” doses neetssaiv ’ If so when? 

Obnouslj, studies in cpideiiiiologv cannot bo caiiied out at a medical centet 
for a scarcity of active cases exists The ideal proving ground for such im 
munologie studv wall rest in Inigt militaiv lamps vvhcie epidemics aie common 

Kafnor and Untract in studies of egg vaecnic and egg scnsitivitj concluded 
that tho "Use of vneemes is not dangcious to 89 5 pet cent of the general 
population, uhieh included all the allergic pemons who are sensitive to proteins 
other than egg and about 50 pot cent ot the persons modeiatcl) sensttiv e to egg ”” 

Demonstration of rising OF 4 constitutes a valuable clinical diagnostic 
aid Central nervous sjstcm involvement duiing mumps had been studied 
evtcnsuelj A rising specilie CPA titer for one of the virus infections mav 
help catcgoiize and piognosticatc licielofoic unclassified encephalitidcs Brown 
and CO workers reported seventy seven consecutive cases of mumps in vvhieb 
spinal fluid e-samination was made Pleocytosis was present in twentj si\ 
(33 7 per cent) Clinical nimiifestations of meningoencephalitis were recog 
mzed m nine cases 

SUVIM VRi 

1 Humps vaccine prepaied bv inactivation of the living virus {hy beat) 
has been given intracutaneouslj to a series of human voluntceis 

2 Jilumps vrirus strains were propagated on chick embrjos Iiaccme was 
prepared from the heat lulled virus 

3 Methods of picpaiation of the viras and immunization material are 

presented 

4 Two complement fixing units (01 ec of vaccine) were injected intra 
dcrmalh Hjiiersensitiv e icactions seemed to indicate premous contact with 
Ibo virus in the subelinical oi clinical fonns In addition, the same hvper 
sensitivity developed aftel the first intiadoianal dose 

5 Tho mumps \acciiic given to our volunteers seivcd is an index of poten 
hal susceptibilitj to mumps and positive leaction implied a previous clinical 
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01 subelinieal infection ivitli tlie virus The skin test dose caused significant 
uses in complement-fixing antibodj titers and miglit possibty be a piactical 
method of vaccination Work is in piogiess to determine the optimal dose and 
route of admmistiation 

6 The vaccine caused no untovaid leaetion in 400 human subjects 
We lia\e no evidence that tlie immunity which our intiadeimal vaccine 
pioduces vill be a permanent one Follov-up studies of oui volnnteeis will 
be necessar-N 

The potential lalue of tlie mumps \accine has, in part, been determined 
The actual value of mumps vaccine lemaiiis as an unsolved problem 

Long-term imiiiuiiologic epidemiologic studies must be planned and will be 
necessaiw m oidei to arrive at the solution of the problems presented 
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A SPONTAAI OUS disciise snmilntiiipr chionic {rioinciulonepliiitis Ins not 
been rcoo<,iii? 0 (l m niniiiiils pvppt in llic Nil slinin of mice' intli wliicli 
tins icpoit dells Tins slocl oi iiiiiiiils is of spccnl sviiificiiiite because it 
reiiresciifs n populntinii in Mliiib tin intidonic ot the disease is bi":b It sbonld 
be possible tbciefou to stiuh otiolofrn fnctois under contiolled conditions 
Tlic Nil slock Mas detcloind b\ I)i Ij (' Stion„ of the Yale UniroiNity 
School of Jlcdieiiic In tlio loiiitli inhicd „oncntioii fom siiblines neie 
separated One of tbosc nas cstiblislied in Minnesota in the eighth inbicd 
generation in 3 '141 Although the piesont stoci of tlic Jlinncsota siililine is 
represented In doscondaiits of i pin ot mice In ought to Minnesota at that 
time brothel sistci in iting nns not i iiiiid out until 194d nhen it iias lecog 
nizcd that the ainnials deiclop „loiiiciiiloncphiitis ‘siibseqnenth selection 
of mice poNscssiiie, genetic suseeptiliiliti toiinid the disease has been attempted 
bv mating the piogoin of animals winch dec clop neplnitis 

The Nil mice nic iei\ obese aininals at tlie age of sin months Old adults 
mai attain a weight of 50 giaiiis wliuh is ilmost twice that of the ateiage 
inbred niotiso Subcutniicoiish and iiitin abdonnn ilh tlicic nio aeri large 
deposits of fat The females ispceialli bnt males as well dot elo]) tumors of the 
adrenal cortex when the animals aic oier 1 scat of ago Lcucomia appeal’s 
spontnneoush in about 5 iier cent ot the mice also occasional lung tiimoi-s The 
males develop a distention of the bladdei spontaiiconsh at about 1 tear of age 
m association with which In dioiicphiosis appeals The aveiagc life expeetanev 
has been appioximatch GOOdavs 

Initiallv the aiiiiiials woie in niitaiiicd in the labointon foi no paiticnlai 
purpose except to provide mice foi loutine cxpeiiments that necessitated no 
special tvpe ot genetic snsecptiliilitv It was noted that main NH females 
which died hetween the ages of 11 and 20 months weie exticmeh edematous 
It aufopsv Theie was often in excess of 1 cc of clear fluid in the chest and 
more than 2 to in the pciitoncal eavitv The siihciitancons edema was so ex 
treme tint the distance hetween the abdominal muscles and cpideimis was ex 
panded to a half inch Tins fluid was nsuallv scions and coloiless although 
™beutaiieoiislv it was often acUow tinged Animals whicli developed ascites 
bydrothorax, and anasarca iisuaUv died within a week In cei’taiii instances 
this edematous condition subsided temporaiilj hut there was alvvavs recurrence 
with death in even case No animal survared moie than thiec weel s aftei the 
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01 subchnical infection -witli tlie vinis The skin test dose caused significant 
rises in complement-fixing aiitibodj titeis and might possibly be a practical 
metliod of laceination Woik is in piogiess to deternune the optimal dose and 
loute of administiation 

6 The vaccine caused no iintovaid reaction in 400 human subjects 
We ha\e no evidence that the immunity which our intiadermal laceine 
produces will be a peimanent one Follow -up studies of oui volunteers will 
be necessai i 

The potential lalue of the mumps vaccine has, in part, been determined 
The actual ^ alue of mumps i accuie remains as an unsoh ed problem 

Long-term immunologic epidemiologic studies must be planned and mil be 
necessaiw in oidei to ain%e at the solution of the problems piesented 
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SPONTANi OtJS <?iscJisf* sinuilitin^ (htoiiK f^lDiiioiiiIoticpliuti luis itot 
■* * hocti rtco^iu/od m inimiifs (.xftpl in tin Nil sliiiiii of niico^ ^\ilh a Inch 
tins Icjiorl (IciK Till', slock of niiimiK is of speci ■! siRnifii niKo hcciuisi it 
rcpuscjjK T popiiliilioii 111 A\liicli till iiiciiItiKC oi ilic discisc IS hir^li It slioiild 
W possible llicicfoic to sliiih ttiolo^ic liiftois 1111 ( 1(1 coiitiolkd conditions 

flic MI sloe! nils dcsdoiicd In Di Ij ( ‘stioiv of tlit J ilc Uiu\cisit> 
Spliool of JfcdiciiK In the touith mined ^cnciifioii ioiii snlilincs neic 
■iqimtcd One of these nas (stalilislied in Jliniicsota in the eighth inhied 
wiienfion in mdl Althouji the inesenl stool ol tlie Jlimiesota suhline is 
fcprcseiitcd h\ desi end Hits of i p m of niioo In oiiglit to Armnesota at that 
htiio biotlioi sistoi in iling nils not ( iiind out niitit 1143, nhen it was iccog 
mzed that the miiniils diicloli gloiiioiulonojihiitis Suhsoqnoiith selcttion 
of mice possessing gciiotio suseejitiliiliti ton iid the disease has hccii attempted 

ItfiaatinK the piogciiA of animals nliidi dcieloji nephiitis 

The MI mice iie ton obese nniiii iK at the ago of sis months Old adults 
'tai ntfam a ncight of dO grmis nliicli is almost tnn’c that of the nterage 
"'lired mouse siibeutaiieoush md mlia nlxlomm dh there ate a on larp 
ifeposits of fat Tlie females cspccialh but males as noil, develop tumois of the 
adrenal cortex nhen tbo aniniaK aic oiei 1 aeai of age Ijcucemin app^ra 
tHenlaneoush in ibout d pci ooiit of the mice also oceasionnllung tumois Itie 
males deielop a distention of the liladdci spontancoiish at about 1 xcni of age 
■a association n ith nbieh b\ dioiiepbiosis appeal's TIic it ei age life expcctanci 
has Iiecii appioxim itch fiOO dais „ , . 

dnitialh the aiiiiiials neie immlaincd in tbc laboratora for no parUeular 
purpose except to pioride mice foi loutinc cxpciimeiits that ncccs^tatcd no 
■'PMial tape of geiiclit suscoptdnlih It nas noted that mam NH females 
"fceh died betneen the ages of 11 and 20 months neie extremeh cdomatims 
tiitopsA Ihcie nas often ii, excess of 1 c c of clear fluid m the chest and 
moie than 2 c c m the pcntonenl taritr Tlie subcutaneous edema nas so ex 
Ireme that the distance betneen the nlidoimrial muscles and epidermis nas ex 
Ptnded to a hall inch This fluid nas usnalh scions and colorless although 
^bcutaiieoush it nas often aellon tmged Animals nliieh developed ascites, 
hpdrotliorax and anasarca usnalh died nithin a neelc In certain instances 
‘his edematous condition suhsided temporarily but thctc nas aln aj s recurrence 
TOth de ath in exerr case No animal suirmcd more than three rreel s after the 

T,-. Ahfs ln\ estlgatlon Ims been supportea > t. ^ 
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onset of the clinical disease Tlieie appealed to be no antecedent occiuieiice of 
disease, lenal oi otlieinnse Animals ivliieli appaienth had been in good liealtli 
suddeiilv became quite edematous and died Tlie disease has occiiired exclii- 
sivelr 111 females 

Giosslj tlie Indneis iveie of noimal size, but ahvaj’^s pale E\aimnation of 
the ladnejs niieioscopically levealed that the seat of the pathologic distuibance 
was in tlie glonieiulus The glomeiiili exliibited changes which coirespond 
closely to those of human chronic glomeiulonephritis, and the tubules contained 
protein casts Micioseopically tlie condition is quite diffeient fiom the amyloid 
(cjstic) disease yhicli occuis in othei stoclcs of imee, especiallj^ the Stioiig 
A glomeralar lesion similai to tliat found in the NH mice also lias been seen 
by the authois in two mice of the P stiain (Fig 6 , 13 and 14) 

The follouniig discussion piesents obser\ations on the spontaneous disease 
in this stock of animals, and a similax condition induced b\ the adimnistiation 
of ui ethane 

MATERIAIS AND METHODS 

A control group of NH mice was maintained to determine the incidence of spon 
tmeous chronic glomerulonephritis All animals iiere bred and fed a diet of Purina Fo\ 
Chow with no supplement Water was alwaa s a\ ailable Often the disease was diagnosed 
subsequent to the death of the animal since the mice died reri soon after the clinical on 
set of the disease Complete autopsies were done, sections being cut at 5 micra and stained 
with liematoajlin and eosin In addition all kidnevs nere stained with azocarmine after 
filiation in Zenker's fluid Certain kidnejs nere fixed in formalin and stained for amvloid 
After tlie onset of edema the mice were placed in speciallj constructed glass cages 
for collection of urine Albuminuria nas ascertained by the routine method of boiling 
and acidification For blood determinations blood was drann immediatelj after the 
animals had been killed -nitli ether anesthesia Blood was taken from the aena cava and 
oxalated Plasma and blood obtained in this waj were used for determining blood urea 
nitrogen, nonprotein nitrogen, plasma proteins, hemoglobin, red blood coll counts, and 
the titer of antibodies agamst streptococci The Karr method* was used for the de 
termination of blood urea nitrogen, the method of Koch and IMcMeekin-' for nonprotein 
nitrogen and plasma protein and Bloor’s method^ for cholesterol 

Agglutinin titers were determined against strains of Streptococcus vmdans and 
Streptococcus hev^olyticus obtained from human sources Twentj four hour broth cultures 
11 ere used 

Pure cultures of Sir viridans iiore obtained from the pharjnges of both normal and 
nephritic strain KH mice These organisms were autoagglutinating and could not be used 
for agglutination tests Honeier, when injected iiitrapentoneallj into mice, the antiserum 
thus produced contained antibodies active agamst the streptococci from the human source 
This procedure was earned out to demonstrate the common antigenic properties of strepto 
cocci from mouse and human sources, and thus justifi the use for agglutination studies 
of the Str tiridaus and Sir hemolyttctis of the human pharjaiv 

To determine iihether the plasma of nephritic mice ins nephrotoxic and contained 
antibodies specific for mouse renal antigen, the plasma iias tested using the method of Cavclti 
and Cavelti’ for the preparation of the renal antigen Perfused kidneys of both normal and 
nephritic mice were used as the source of antigen One part perfused kidney to 20 parts 
saline ivas used in making the test antigen for determming agglutination titers Control 
studies were carried out on nephrotoxic rabbit plasma obtained from rabbits injected pen 
odicallv with a saline extract of perfused mouse kidnej 
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INCIDENCE OF SPONTANEOUS GLOMERULONEPHRITIS IN FEMALE NH MICE 



PIT 1 — Illustrates the nee Incidence of np nt meous elonicniloncphrltls In female mice of the 

Nil <JtraJn 

INCIDENCE OF SPONTANEOUS GLOMERULONEPHOlTlS IN MALE NH MICE 



INCIDENCE OF GL0MCRUL0NePHRITI5 tN CASTRATED MALE NH MICE 



Pig 3 -—Illustrates that a small per cent of castrated males developed glomerulonephritis 
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onset of the clinical disease Theie appealed to be no antecedent oceiuience of 
disease lenal oi otliennse Animals Avhieli appaieiith had been in good healtli 
suddenlv became quite edematous and died The disease has occuiied exelii- 
sivelv in females 

Giossly the ladnevs iveie of normal size, but always pale Examination of 
the kidnevs micioscopicallv revealed that the seat of the pathologic distuibance 
was in the glomerulus The glomeiuli exhibited changes which correspond 
closely to those of human chronic glomemlonephiitis, and the tubules contained 
piotein easts IMicroscopicallv the condition is quite different from the amyloid 
(cystic) disease which occuis in othei stocks of mice, especially the Strong A ^ 
A glonierulai lesion similai to that found in the NH mice also has been seen 
by the authoi-s in tuo mice of the F strain (Fig 6 , JS and 14 ) 

The follomng discussion piesents obseivations on the spontaneous disease 
in this stock of animals, and a similai condition indneed by the administration 
of 111 ethane 

MATERIALS AND METHODS 

A control group of NH mice was muntained to determine the incidence of spon 
taneous chrome glomerulonephritis All animals were bred ind fed a diet of Purina Fox 
Chow with no supplement Water was alwavs a\ ailable Often the disease was diagnosed 
subsequent to the death of the animal since the mice died very soon after the clinical on 
set of the disease Complete autopsies were done, sections being cut at 5 micra and stained 
with hematoxylin and eosin In addition all kidnejs were stained with azocarmine after 
fixation in Zenker’s fluid Certain kidneis were fixed in formalin and stained for amsloid 
After the on«et of edema the mice were placed in special^ constructed glass cages 
for collection of urine Albuminuria was ascertained by the routine method of boiling 
and acidification For blood determinations blood was drawn immediateh after the 
animals had been killed with ether anesthesia Blood was taken from the lenn ca\a and 
oxalated Plasma and blood obtained in this waj were used for determining blood urea 
nitrogen, nonprotein nitrogen, plasma proteins, hemoglobin, red blood cell counts, and 
the titer of antibodies against streptococci The Karr method-* was used for the de 
termination of blood urea nitrogen the method of Koch and McMeekin- for nonprotein 
nitrogen and plasma protein and Bloor’s method^ for cholesterol 

Agglutinin titers were determined against strains of Slreptococcvs vindans and 
Streptococcus hemolyticvs obtained from human sources Twenty four hour broth cultures 
were used 

Pure cultures of Str vindans were obtained from the phnringes of both normal and 
nephritic strain NH mice Tlic«e organisms were autoagglutinating and could not be used 
for agglutination tests Howei er, when injected intraporitonealh into mice, the antiserum 
thus produced contained antibodies active ag iinst the streptococci from the human source 
This procedure was earned out to demonstrate the common antigenic properties of strepto 
cocci from mouse and human sources, and thus justifi the use for agglutination studies 
of the Str vindans and Str hemolyticiis of the human phariaix 

To determine whether the plasma of nephritic mice was nephrotoxic and contamed 
antibodies specific for mou=e renal antigen the plasma was tested usmg the method of Cavclti 
and Cavelti' for the preparation of the renal antigen Perfused kidneys of both normal and 
nephritic mice were used as the source of antigen One part perfused kidnec to 20 parts 
saline evas used in making the test antigen for determming agglntmation titers Control 
studies were earned out on nephrotoxic rabbit plasma obtained from rabbits injected pen 
odicallv intli a saline extract of perfused mouse kidney 
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INCIDENCE OF SPONTANEOUS GLOMERULONEPHRITIS IN FEMALE NH MICE 



1 Illustrates the nee Incidence of op nt menus elunierulonephrltls In female mice of the 
Nil <JtraJn 

INCIDENCE OF SPONTANEOUS GLOMERULONEPHOlTlS IN MALE NH MICE 



INCIDENCE OF GL0MCRUL0NePHRITI5 W CASTRATED MALE NH MICE 



Pig 3 -—Illustrates that a small per cent of castrated males developed glomerulonephritis 
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INCIDENCE OF URETHANE INDUCED GLOMERULONEPHRITIS 



Pig 4 — Illustrates the age of occurrence and incidence of urethane-induced glomerulonephrltU 

in NH mice of both sexes 


The age incidence of spontaneous nephiitis in female NH mice is piesented 
in Fig 1 Seventeen out of forty-eight females developed the disease, vhicli 
appealed betveen the ages of 11 and 19 months Bv contiast, none of twenty- 
eight males, all of which lived eleven oi moie months, dei eloped nephiitis (Fig 
2) Foil! of forty-seven castiated males developed the disease (Fig 3) These 
ohseiiations weie on pedigreed stock PieMOus to inbieeding, tvcnty-foui 
cases had been obseived in a gioup of fiftj-nme females, and one questionable 
case in sei enti -one males 

All female mice 11 months oi moie of age had estiogen-seereting adenomas 
of tlie'adienal cortex, wheieas such adenomas did not appeal spontaneously in 
males IVheii eithei males or females of this stock are castiated, these 
adenomas are present within five months Thus, all the castiated males pos 
sessed coitical adenomas which secieted estiogenic hoimone 

Although the disease did not appeal spontaneously in males, animals of 
both sexes injected with methane in tjie manner desciihed developed clnuuil 
nephiitis (Fig 4) which was giossly mdistingnishable flora the spontaneous 
disease Neithei Bagg albino, CBA, Stiong A, noi FA mice lesponded m a 
sinulai mannei Thus, in only mice of the “high nephiitis” NH stock was 
glomeiulonephritis mduced bj' methane 


Fig 5—5 Kenal corpuscle of adult male NH mouse Parietal la>er ®,ooT of 

composed of cuboidal epithelial cells Indicating androgenic stimu ation 
gl^eralus ^ell shown Delafield s liemato^jlin-basic fuchsin Photomicrograph X-iO 

G, Renal cortex from a spontaneous case of chronic glomerulonephritis in an RH tern 
mouse The glomerular capillaries are almost compIeteU occluded and some hi aline cna i, 
are noted Azocarmine stain Photomicrograph x-00 female 

Glomerulus from a spontaneous case of chronic elprnerulonephntis in a" This lesion 
mouse The glomerular capillaries are completeli occluded bl endothelial m j, 

corfelponds closeli to human acute glomerulonephritis Azocarmine stain Photomicrogr v 

S GlomeruIUb from spontaneous chronic glomerulonephritis in an XH In the 

This c!o?eIi rese^mbhy the earh chronic stage of human glomerulonephritis Azocarmine siai 
Photomicrograph X350 xrr female mouse 

i^matoxilln cosin Photomicrograph XI50 
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In in ethane-tx Gated mice the glomcxulai le&ions x\eie not identical Mith 
those seen spontaneously (Pig 6, 11, and 12) In tlie lattei the endothelial 
piohfeiation is the most prominent pathologic feature In ui ethane-induced 
nephritis, tluckening of the capillaiy basement membrane is much more con- 
spicuous than endothelial piolifeiation (Pig 6, 11) The end lesult is a fibiotie 
gloineiulus (Pig 6, 12) ■which is smallei than the hjmbne glomeiulus of the 
spontaneous case (compaie Pig 5, 8 and Pig 6, 12) The development of this 
tvpe of glomeiulus is detei mined not only bj’' methane but also the genetic 
constitution of the host Although the glomeruli of iieithei Bagg albino noi 
CBA mice became fibions as a lesult of the administration of urethane, manj’- 
of the hjbiids (leceivmg methane) between eithei of these stocks and NH 
mice de\ eloped the small hyaline glomeiuli The tendency towaid cltmcal 
nephiitis IS not as gieat in hvbiids as in puie NH mice 

Lesions othei than those in the kidneys veie noted in mice injected vnth 
methcine Adenomas of the lmig“ appeared in all stocks of mice thus tieated 
Cayeinous hemangiomas weie piesent in the liyeis of ceitam animals lecemiig 
methane, especially mice of the Bagg albino stiain and hybiids between this 
and othei stiains 


DISCUSSION 


The glomeiular alterations occurring spontaneously in female NH mice 
seem to be identical ivith those of human chronic glomerulonephiitis Second- 
aii tubulai atrophy is not piominent, howevei, in the mouse Indneys Perhaps 
an insufficient peiiod of time elapses in the mouse between glomerular closuie 
and death so that tubular atiophv mav result Glomeiulai lesions were wide- 
spread (Pig 5, 6) and glomeiular closure seemed to be lathei complete in some 
cases 


Detei mination of antibodies failed to leveal any infoimation indicating 
an association of infection inth the mouse disease Some of the glomeiub ex- 
hibited endothelial piolifeiation (Pig 5, 7) as in human acute glomerulo 
nephiitis associated -wnth bactciial infection It is possible that the human 
and mouse diseases aic pathologicallj and clinically similar, but etiologically 
unrelated Oi peihaps chionic glomeiulonephiitis is not necessaiily associated 
inth antecedent baeteiial (sticptococcal) infection** High antisticptohsm 
titei's haie been found m human acute but not chionic glomenilonephiitis ” 
House and lat glomeiuli exhibit a sexual dimoiphism** (Pig 5, 5), and 
thcie IS a sex difterence m the occuiience of this lenal glomeiular disease That 
this susceptibility to the development of glomeiulonephiitis is, at least to some 
extent, on a hoimonal and not onh a genetic basis is illustiatcd by the occui- 
icnce of the disease in eastiated males inth estiogen-sceieting adenomas of 
the adienal cortex The incidence of the disease in castiatcs is admittcdh small 
The possible inhibiting effect of andiogcn on the deielopment of spontaneous 
and induced nephiitis should be tested 


•Dr 
formea us 
npglutlnlns 


n J Claw-^on of tho Depirtment of Patliolofo „ Uni\ ersitj 
tint lie has found hiph titers of ■■treptococcic (Str urtdans 
in 5C\eral cases of luiman chronic glomerulonephritis 


of Allniie'otn Ins in 
and Sir 7icmolj,(icm) 
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Blood studies indicate a high degice of lenal insufficiency and aiienua in 
the ad^anced disease These animals lepiesent good inateiial foi the uivestiga 
tioii of the anemia associated inth uieniia IB peieholesteiolemia is, 2ieihaps, 
to be 1 elated to the lou lec cl of iilasina piotcius 

The concomitant occuiiencc of spontaneous tiimois of the adienal coite\ 
and lenal disease iii females of this stock niai be iiieielr coincidental Animals 
injected uith uietliane developed glomeiulonepluitis in the absence ot adienal 
coitical Iniiciplasia • Theic is no eiudcnce that these adenomas mas seciete 
hoimones othei than the se\ steioids 

Since othei imestigatois base been able to induce glomeiulonepluitis in 
lats liv the injection of nejihiotoMe seia,*" deteiniination of antibodies seisus 
lenal antigen uas made Tlicie nas nothing to indicate that specific antibodies 
against a lenal antigen neie piesent in the jilasma of nephiitie mice (Table VI) 


T\Bir VI Aeon TIMS Titers Ag^visst Normai and ISTEPHrmc Be\ vl Aatices in 
Tiir Pr^SM\ OF ISTormai and Xi piirmc Mice 




I AGG^bTI^\TIO^ TITER VS 


TOTVL NUilBET 


JsOPMAIi 

NEPHRITIC 

NUMBER OF 

OF MICE 

TFEVT-MENT 

KtD\E\ 

KTDNF^ 

ancE 

7 Kephntio 

None 

Neg 


4 

(spontaneous) 


1 oO 


1 



1 100 


1 



1 200 


1 

3 Xephntic 

None 


Neg 

1 

(spontaneous) 



1 100 

1 

8 Norm il 

None 

Nog 


C 



1 50 


1 



1 100 


1 

2 Normal 

None 


Neg 

2 

4 Normal 

Kulnei injpot 

Neg 


2 



1 200 


2 

5 Normal 

Kiflnoi strep inject 

Neg 


ft 



1 100 


1 



1 200 


2 

4 Normal 

Jjiver strop inject 

Neg 


3 



1 400 


1 


0 1 ce nephritic ribhit seia (anthnoiise kldnei ) nith titers of 1 SOO or more Induced 
passi\ e nmphj Hnis in mice The ^ alues obtained in this table maj represent nonspecific 
agglutin ition 


The mtliieiice of stieptococcal uifection and stieptococeal toxins on the 
deielojnnent of renal glomeiulai lesions in NH mice should be detci mined 
Pielimiiiaii expeiiineiits indicate that inoculations of Sf) viudans o\ei a peiiod 
of seieial months do not cause iicphiitis to appeal piecociouslv m NH mice 
It should also be deteimincd nhethei substances lelated to methane (etlnl car- 
bamate) aftect the lenal glonieinli Nephiltis nas not induced by injections 
of eithei iiica oi thioiiiea although annloid disease appealed in some animals 
so tieatcd (Fig 5 , JO) lYeeldv anesthetic doses of Sodium Amvtal or mag- 
nesium sulfate also failed to indiiee icnal disease in Nil mice Tlius, anesthesia 
pel sc (urethane is a gcncial anesthetic) noiild appeal not to be a factoi of 
mipoitaiice in the lesjionse of Nil mice to methane 

The cenetic aspects of Nil nephiitis hasc not been iniestigated although 
the disease has been obseiicd bi the authors in Pi hi buds betiveen the NH and 
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oilier strains of iinco Tins is in coutnst to the annloicl c^stlc disease of 
slnin A nnct susccptibilit\ to a\huh is inliciittd as a ^[ciidclnn loce'^snc 
Vnnloid c\stic disease also aiipciiN jn mice of both sexes IIistulo"ic studies 
show clcaih tint the occlusion of the Nlf ffloniciuli is not tlie result of deposi 
tion of aim loid Spontaneous ln)^ loid disease docs occui occasionalh howc\oi 
ill mice of the Nil stocl 

Tile tcndeiiCN to do\elop fibiotic "lomeiuli follownn^, the administration 
of nrctliniic is also not liciitable ns a simple '\Iendelinn iccessne Ml t^pes of 
luhiids (r, r and bad ciossts) di\clopcd iiielhniie ^lomcnili followin" 
twcnt\ weeKl\ doses although clinn il !ie])hiit!s appe ned onh occasionalh in 
Inbnds It is unlikeh tint the sus< cptibilitA of NTI miee to both spontaneous 
and urethane induced ncphiitis is without causal lehtioii VltlioUr^h histo 
j>alliolo"iealh the spontaneous and inetliane indiieod diseases aic not identic il 
in both Hist uiecs tlicic is occlusion of the friomciulai eipillaiics and the rcnil 
lesions ifl confined to the gloinci uli 

Pielimimu\ obsoi\ations siu^cst a use in blood piessiuc in mice with 
r-Ionicnilonephuf IS, tins subioct will be eonsuleicd in a futme communication 
Ilistolo^Icalh the amount of lend ,.Iomerulai closuie mai bo extreme How 
ever the small amount of tuind ii deffcnention sugf?csts that renal ischemia is 
not peiieral Pcihaps the icnal tubules of mice nie supplied fiom an aiteiial 
somec othci than the cffciciit aiteiioles 




1 A disease lescmhlin^ luiman ehioiiic fjlomciulonephritis oceuis spou 
tancoush in female mice of tlic Nil stock This disease is diancteiired hi 
alhinnnuiria edema, lutiogcn icteiition Inpoproteinenna anemia and lujici 
fholosteiolcmia The f?]omciuIai lesions aie histologicalh identical with those 
of liuman cliioiiic filomciuloncphutis but tubulai atropln is inconspicuous 
and tile kldne^s do not become oontnclcd Blood piessuic is perhaps model 
ateh olc\ated 

2 The disease apjieais in about 40 jici cent of intact females and 10 per 
cent of castrated males nepiuitis docs not occur spontaneoush m males The 
afje of oceuireiiee is from 11 to 20 months 

3 TJie titei of antibodies si>ecific for streptococci in the blood of ncphiilic 
niiec is the same as in noiincphiific mice of the NH and otlicr strains 

4 A disease similai to but not pathologically identical with the spontaneous 
ncpluitis was induced in strain NH mice of both sexes by the administiation 
of urttlnno Foui othei inbied stocks icsistcd the indudion of glomcrulo 
nephntisin tlusdiug 
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JIorrisStvti \nd MD, vnd T G Orr, MD 
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M assive doses of pciuciUm T.\itu tiic aid of sccietor\ blocking agents 
sueJi as Cnionnmiclo, InM bion^^ht the formeili fatal subacute bactciial 
endocarditis witlim langc of therapeutic contiol Honeier, even aftoi cuie 
of the infective ngeiit, caidiac limitation due to vahuhi pntholo|,v lemains 
and the daugci of reeiu tenet of the same illness is aivvojs piesent This is 
also tine in instances of bactei in) tiulocarditis with the ve^etationb occurring 
on congenitnl taicliac anomalies In subacute bactciial endaiteiitis in vvhith 
the infected vegetations occui mi utcriovenous conumnncations outside the 
heart, it is possible to effect a pipunncnt cuie vvitli penicillin and suigieal 
lenioval of the ancuivsni Suth aitcuovonous communications imv be con 
genital as in patent ductus aitciiosns oi mnv be the icsiilt of tiauma as in 
arteriovenous aneurisms 

A fevv cases of bactei eiuia isstxnttd vvnth aitenovenous aneur^'sms have 
heen ropoitcd^ The first cine of bieteuaJ cndaitentis in such an aneui 
isin was recoifled bj iraniinan ind Rnnlioff^ in 1935 In this case the nr 
tcriovenous incurvsni of the cxtcinal iliac aiteij and vein lesulted fiom a 
gunshot wound indicted nine jcais picviousI> Surgical removal of the 
aneurjsm was the only tientmcnt in this case In 1939 Leamaii'* leported the 
case of an aitcuovonous aneiujsm in a patient with bacteiemia Following 
surgical lemoval of the nueurvsm the patient continued to have fever and 
appaiently still had bacteiial ondotaiditis In lDi2 Toiuoff Lande and 
Kroop leported a suigical cuic of an infected aitenovenous aneiuvsm with 
resultant dealing of septiceima The neU rccoided cure was by Lipton and 
j^fillei*’ in 1944 Septicemia associated with an artoiiov enous aneui>sni of the 
femoial vessels was cuied h} excision of the ancurvsm In 194G Shumachei 
^Velford and CarteU lepoited the case of a 26 year old soldiei who developed 
hactenal endarteiitis m an aitenovenous aneurjsm caused bj a gienadc 
wound two yeais befoie development of septicemia This patient was treated 
vnth poniciihn ni doses of 100,000 to 200,000 units dailj, with snbsecinent uega 
tive blood cnlUues Surgical leinoval of the ancurvsm effected a cme al 
though viable oigamsms weie piesent in the vegetations at the time of op 
oration 

The case of baotenal cndartci.tis in an ai tcrioi enoiis anciiijsm dcsciihetl 
m this report nas curort bj icmo^al of the aneiiijsra The patient «as fiist 
treated intensnely uith peu.ciHin uhich resulted in stenlization of the blood 
Stream hefoie operation 

Departments ot Internal MeOlclne anO Suraer, UnlveralU of Kansas School 

Medicine 

R6cel\ed for publication Sept- *7 llUS 
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STATLA2\D AND ORR 


C\SE EtporT H H, 111 18 5 ear old white man, was admitted to the Umveisit3 of 
Kansas Medical Center on Jan 6, 1948 His chief complaints were fatigue, shortness of 
breath, palpitation of the heart, fevoi, and profuse sweats There w is no historj of past 
disease winch might ha\e contributed to his present illness 

On Aug 2, 1944, this patient recened an accidental gunshot wound of the right thigh 
while hunting The femoral arterj and vein were seiered about G cm below the inguinal 
bguneiit This resulted in gangiene of the foot and an amputation was done at the juncture 



Fig 1 — Roentgen raj picture of the heart before opeiatlon 


of the middle and upper thirds of the right leg Kecoieij was prompt and an artificial limb 
was fitted within six months aftei the amputation Several months if ter the accident the 
patient noticed th it he had u throbbing area in the iippei right thigh, but smee it did not 
cause pain or inconvenience he was not concerned about it 

He gave a historj of fiequent toothache, sore throat, iiid upper respiratorj tract in 
fections during the past two or three vears Eighteen inoiiths prior to admission to the 
hospital he begin to have shoitiiess of breath on exertion, weakness and fatigue, associated 
wath "pounding” of the heart These sjanptoms grew progressiv elj worse until six months 
before entering the hospital, when the patient developed chills, fever, nausea, and vomiting 
Ho also had frequent throbbing frontal headaches He vvas treated by local phjsioians who 
noted that he had an enlarged heart, cardiac murmur, daily fever, and anemia One of his 
phvsicians mule a blood culture which vvas reported to contain an abundant growth of long 
chain streptococcus, and i diagnosis of endocarditis was made 

When this patient entered the hospital he was poorly nourished and obviouslj acutelj 
ill His temperature was 100 2° The pulse was regular and of the water liimmer type 
1)0 Musset’s sign w is present The blood pressure in the right arm vvas 130/30 and m the left 
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Fig 2 Photograph of excised nneu^^sm (Pointer Indicates vegetation) 


am 130/20 The entire precortlium throbbed and puls-ited, and the heart Mas enlarged as de 
termmed b} percussion There mos u loud rasping systolic murmur and a soft diastolic 
murmur heard m the mitral area Har*.li sjstolic murmurs m ere heard to the left of the sternum 
m the second and third interspnct-? over the aortic area and over the carotid vessels Allpenph 
♦^ral \es'iel3 «ero tlirobbinf, iiiicl itioucd tlio tj-piml CorriRin type of pulse The spleen uas en 
Iwgul An otoid mass 4 In (, <m m size «a, palpated in the right thigh just be ou the in 
guinal ligament This mn s nas pulsating and erpansile and a to and fro macliinery tjpo 
murmur ms hoard oior the mass The miinnur nus transmitted to the right loner quadrant of 
ll'O abdomen and along the thigli to the Ince W hen the pulsation nas obliteratod by pressure 
O'er the femoral tessels, the pulse rate nas reduced from 100 to 70 No temperature change, 
"Ore noted iii the right loner extremitt The leg had been amputated lielon the knee 
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Examination of the unne showed a f amt trace of albumin The hemoglobin m as 8 4 
Gm and the wlute cell count was normal The Wassermann and Kahn tests were normal 
The total protems were 6 04 6m with normal albumm globulin ratio The blood sedimentation 
shoued a fall of 32 mm. at the end of an hour Blood cultures on the second and third dajs 
after admission shoned growtlis of Streptococcus mitis With sensitivitj tests to penicillm 
and suKadiazme, the growth was mhibited by 048 unit per cubic centimeter and 25 mg per 
cubic centimeter respectively 

By X ray examination the heart was enlarged, measuring 18 cm m its greatest diameter 
(Fig 1) One half of the inside diameter of the chest measured 15 centimeters Electro 
cardiogram readmgs were heart rate 88, BE interval 016, rhj-thm sinus, QBS complexes 
upright m the bmb leads, small S 2, T waves upright m all leads , sound tracings of the heart 
showed diastobc and systobc murmurs at the apex associated with an mcreased first sound 
and evidence of a systolic murmur in the pulmonic area 

On the sixth day after admission to the hospital, penicillin in 300,000 unit doses was 
started and continued everj three hours by intramuscular injections Caronamide was also 
given in 2 Gm doses even three hours Witlun twenty four hours the temperature was norm il 
and remained normal thereafter Penicillm levels varied between 8170 and 17 306 units per 
cubic centimeter After three days of penicillin therapy the blood culture was negative and 
remained negative Two transfusions were given which mcreased the hemoglobin to 11 7 
grams Although palpitation and fatigue continued, the patient was otherwise symptom free 
and had gamed weight durmg thirty days of treatment He received a total of 72,000,000 
imits of penicillm over a period of thirty days The sedimentation rate showed very little 
change 

Forty five dajs after admission to the hospital and thirtv nine dajs after the beginning 
of pemcilbn treatment, the arteriovenous aneurvsm was completelv excised Durmg the opera 
tion, as soon as the vessels leadmg to and from the aneurysm were clamped or ligated the 
pulse quickly dropped from 103 to 70 and the blood pressure mcreased from 130/30 to 140 90 
One hour after operation a reduction m size of the heart could be detected by physical 
exammation, as verified by several of the staff There was a famt presystolic murmur 
m the mitral area but no systolic murmur was heard No thrills were detected Faint 
svstolic murmurs were heard in the tricuspid, aortic and pulmonarj \alvulnr areas On the 
day after operation the heart appeared to be relatively normal m size, the heart sounds were 
of good quality, and no thrills or murmurs were detected The blood pressure aieraged 
140 systolic and 70 to 90 diastolic 

The excised aneurysm measured approximately 5 5 bv 4 by 3 cm (Fig 2) The cavity of 
the aneurysm had numerous sacculations Several pinkish and grayish white papillarj projec 
tions were formed outside the sac The pathologist reported a diagnosis of aneurysm wath 
arteriosclerosis, calcification, ulceration, and acute and chronic mflammatorj reaction wath 
vegetations Shadowy granular forms were found in the vegetations which suggested chains 
of bacteria 

The postoperative course was uneventful The wound healed per primam Eepeated 
blood cultures were negative The b>v.od count and sedimentation rate returned to normal 
Three days after operation the transverse diameter of the heart measured on the x Ta> 
film was 16 5 cm, and ten dajs postoperativelj the heart measured 14 8 cm in diameter 
(Fig 31 The heart appeared to be normal in size The electrocardiogram was normal 
No heart murmurs were detected wath repeated sound tracings 

When dismissed from the hospital on March 11, 1948, approximately two months 
after admission, the patient apparently had recovered completed 

DISCUSSION 

Tins IS-veai -old patient on ptTsical examination piesented findings which 
were indicative of endocardial disease of the vah es of the heai t In addition 
to maiked enlaigement of all chanibei-s of the lieait, he showed hai-sh iiiiiimiirs 
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01 er the precoidmiii, botli sjstolic iiicl dnstohc in time He gaic, hoiveioi, 
no histoi-j of prcMous cnulne difficulties, no ciidence of congenital heart 
lesions cailj in life, nor did he piescnt inj findings of peiiphenl emboho 
phenonienn That no inhulni lesions e\isted ivas proied hj the lapid return 
of Ins heart to noiiml size in ten dais and the subsidence of all murmurs within 
tHcntj four hours following opciation 



Fjg 3 r—Schcrnaiic draw Joe: of excised nneurjsm 

It IS a well known fact that transient streptococcus bacteremia occurs 
freqiientlj mi cspiratoiy infections sinus infections and m dental e\ti actions 
•As in the case with damaged lahulai endocardium, the damaged endothelium 
of an arterioveiions aneiujsni mil sene as a focus upon which bacteremia 
Waj settle and multiply The infected aneurysm will then sene as a con 
stant soiiice of baoteieroia This patient was started on large doses of peni 
eillm before sensitivity tests of his organism had been earned out and it 
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Fig 4 — Roentgen ra^ film of the heart four da>s after operation 



Fig 5 — Roentgen raj film of the heart ten da> s after operation 
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i\ns, not deemed wise to leduce tlic dosage when once staitcd A^'esell and 
Ivross’ rtcommend tint bneternl endaiteiitis engnfted upon a patent ductus 
niteuosis should be ticated Mgoionsh with penicillin bcfoie opention Should 
small emboli be dislodged duiing the tiaiima of suigcii, moibiditj is eei 
taiiih lediiccd b\ eailiei sterilization of aegctations That this patient’s 
legetations weic steiilo was leiificd bj cultuic and bj microscopic studj 
which ici ealed onij shndowj foims of pic e\istcnt oiganisms 

The fact that no lasculni iiisiifiicicnci ciidcnced 113 edema or tempeia 
hire changes dei eloped in the c\trcmit\ following opci itioii is not surpiising 
since Piatf lepoits that tliicc to sis months is siiflicicnt time for complete^ 
adequate collateial eiiculntioii to del clop in the picscnce of an arterioi enous 
aneui3sni 

The recognition of eiidaiteiitis in 11 toiioi enous aneuiisnis is paiticu 
lail} important at this time since an ineieasi 111 fie(|uenei of such infections 
mn3 be anticipated in the fiituie as 1 usult of wounds of blood lessels duiing 
the last wai Ccitninli it is ot imjioi lance to biai in mind suth a possibiliti 
m all cases of stieiitocoecus seiitueiiua since a di iinatie iiid peiinnnent cuic 
can he effected in such cases 

SUMM VIt\ 

A fifth case of sticptoooecus septicemia due to ciidaiteiitis of an niteiio 
1 enous aneuiTSm is piesented A cuie was achicied b} the use of penicillin 
and surgical renioa al of the anem 3 smal sac 
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THE RESISTANCE OP RECENTLY HEALED BXCISIONAL ULCER 
OP THE STOMACH TO HISTAMINE-INDUCED ULCER 


E H Hale, i\I S , M D , and ]M I Grossman, M D , Ph D 
Chicago, III 

INTRODUCTION 

I T HAS long been knoira and lepeatedly eonfiimed that a suigically pioduced 
defect in the gastric mucosa will heal spontaneously within three ueeks, e'ven 
in the presence of noimal gastric secretion of aeid and pepsin DiagstedP made 
acute ulceis from 1 0 to 1 5 cm in diameter in the mucosa of a Pavlov pouch, 
healing occuiied in five to fifteen days Matthews and Dragstedt" found that 
ulcers made m the pyloiic mucosa of dogs with silvei mtrate healed in fifteen to 
eighteen days jMoiton® obseived in the dog that defects 2 cm in diameter in 
the fundic and pyloiic mucosa healed in two weeks Mcllioy* found that ulcers 
of the stomach, pioduced by burning with a hot wiie, would heal m fourteen 
days in the fundus and seventeen days m the pyloius Bolton® ob&eived that 
e\peiimental ulcers healed within tliiee weeks legardlcss of then location in 
the stomach 

It also has been demonstrated that an excisional ulcei of tlie stomach will 
be delayed oi pieiented from healing if histamine in sufficient dosage is given 
within one to two dajs postopeiatively Mcllioy^ pioduced acute ulceis in the 
pjdorus of seien cats and injected 10 to 20 mg of histamine acid phosphate 
subcutaneously on alternate days In eiglit control cats the pyloiic lesion re 
quired seventeen days to heal In the cats given histamine, the initial lesion, 
instead of healing in fioni eight to fifteen days, liad extended in si\ of the seven 
animals and perfoiated in one Plood and Howes,® using cats and dogs, mtei 
pieted then obseiwations as indicating that the injection of 1 to 2 mg of his 
tamine pei kilogiam body weight twice daily interfered with the healing of 
piepjlorie mucosal defects but not consistently with defects in the mucosa of 
the cardia Similai lesults cveie lepoited by 0 ’Shaughnessy^ and Carnot and 
co-workeis® Pi ice® has lecently showm that the daily administiation of his 
tamiue in beeswax to dogs causes extension of suigieal excision ulcers in the 
stomach The appaiently negative icsults obtained by Piiedenw'ald, Feldman, 
and Moiiison'® may be attiibuted to the low dose of histamme that was used 
(aveiage dailj dose of 0 8 to 1 2 mg given m one to three doses subciitaneoiislv) 
Haj^, Vaico, Code, and Wangensteen'' have showm that superficial and pei 
forating ulceis of the pylorus and duodenum could be pioduced m dogs by the 

t administiation of 30 mg of histamine (base) in mineral oil and beeswax 

im„ 

was consideied of interest to study the sensitivity of the healed excisiona 
to histamine-induced ulcer 

From the Department of Clinical Science Unlversitj of Illinois College of Medicine 
Recei'Cd for publication Sept 11 1948 



n «5iST\NCF or lr^ \u d i \ci‘?ton \l uicfr to inducfd ulcfr 


229 


AICIIIODS 

Tliirtj (hrco raoiiRrcl do^ rniigjnf^ m bbth wcigJit from 7 to 35 Kg, \^e^o need Surgicnl 
Mci’ionnl ulcers uero nmdo on (he le cr cur^nture of either the fundic or p\]ouc portion of 
thi frastne mucosn The p^lorje defects wore m*idt 2 to 4 cm from the pjloric sphincter 
Under ether nnesthesii nn upproprnte lonptmlinnl incision w'as made in the anterior wall of 
the stomnoh and the niurosa of the Ics cr cunaturc was ciagmatcd through tho wound 
\pproximatoli 1 sq cm of gastrm niiito a was cvciscd from tho submucosa with scissors 
\f(er closure of (ho stomach and ahdoiiiPii the dogs were allowed water on tho first dn> and 
irater and standard dog ration tficreafter 

The liistamme beeswa'^ suspon ion that was used was prepared from tho following 
formula Histamine di h^d^ochlorulo (Imido IfotTmann La Roche) 0 0 Gm , peanut oil 30 5 
cc and wJiito beeswax 3S grams The weighed amount of histamine was ground to a fine 
powder with a mortar and pestle Four fifths of the total \oluinc of peanut oil was then 
(.ndinlU mixed m and lit itcd in nn oitn to 0 C The beeswax and the remainder of the 
Oil were molted together and added to the liisfanunc mixture ^fter thorough mixing the 
suspension was aspirated into licatod springes Tlius the final \olumc of 30 c c was calculated 
to contain 300 mg of histamine ba«o per c c of uspetision 

The usual do o of liistamine beeswax su pension was 30 mg of histamine base per dog 
given once dail\ intraimiscularh Tin is the dosage u ed bx Ila} and a sociates u Uowever, 
as the incidence of ulcer was ntlier low in the earlier experiments this dosage was increased 
two to eight limes nnd gnen in two d uh injections m manj instances Dogs PF through 11 
were deprived of food and water on alternate dnjs to enhance the ulcerogenic cifect of Ins 
tamine 

Throe erics of studies wore performed 

1 Control experiments with liistamine alono 

2 Histamine injections bcgim throe witls after futidic cxcisionnl ulcer 

3 Histammo injections begun thru, weeks after pjlonc cxcisional ulcer 


RESULTS 

Control rxpet imcnis \\ith IIt<:t(nmnc Alone — (See Tnble I) It imj be 
noted that fi\e out of tuohe dogs had p^lollc oi duodenal uleers These ulcers 
'aned ni elnnctei fiom multiple acute hcmoiiJngic ulceis to single chionic, 
perforating ulcci’s AYcight loss occuircd in all animals in uhicli death uas 
^pontnucous Aiioiexn and/oi \onuting picccdcd deatli b^ one to three dn^s 
in most cases 


Tadif I Incidlnce of Uicrrs in r«oKMVL Doos Recfixing IIisrxMiNE in Beeswvx 


1 

1 

Doa 1 

surxixxi 1 

TIME 1 

(DUS) 1 

PUST MOPTTM FINPIXO'; 

[ FUMH s 1 

ixLorus 1 

DUODEM M 

""JJ 

4 

Ncg 

Ncg 

2 acute ulcers 

kk 

10 

Neg 

Neg 

2 chronic perf uleers 

Ll 

8 

Nck 

Ncs 

Ncg 

ini 

8 

Nlr 

Ncg 

Ncg 

0 


Nck 

Ncir 

Neg 

p 

5 


3 acute ulcers 

1 acute ulcer 

Q 

11 

Frosions 

Nck 

Neg 

R 

- 

Ncg 

2 acute ulcers 

Ncg 

8 

12 

Ncg 

Neg 

2 acute ulcers 

T 

5 

Neg 

Noc 

Neg 

U 

14 

Erosive gastritis 

lx eg 

Neg 

V 

5 

Nee 

me 

Neg 


Each dog received 30 mg of histamine (base) In beeswax peanut oil once daljj 
^celved 30 mg once dallv for thirty tlajs nnd 30 mg twice dail> for twentj three days 
LL MIT and V were eacrlfled The other dogs died 


Summary Five out of twelve dogs had pjloric and/or duodenal ulcers 
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The Effect of Histamine on 3-WeeL-OId Fundtc Ezcisional Ulceis~{See 
Table II and Fig 1 ) Four out of five dogs succumbed to ulceis of the duo- 
denum In each dog the fuudic excisional ulcei as well as the gasti ostomy uere 
completely healed as cMdeneed bv seai eontiaetuie It is to be consideied that 
histaniine-beesu ax ulcei seldom, if eiei, oeeiiis in the fundus of the stomach 



Fiff 1 — The exclsional ulcer of the fundus rras made tlnee -necks piior to starting dail> 
injections of histamine in beesnax for three dajs The animal died as a result of perforation 
of the duodenal ulcer 


Table II Ixcidexce of Ulcers in Dogs i\ AVhich D\il\ Injections of Histamine ix 
Beesavax At ere Begun' Three TTeeks After Excising a Puce of Pintic Mucosa 


BOG 

SbP VITAL 
TIME 
(DATS) 

EXCISION' 

LLCEP 

G\STPOS 

TOM\ 

FLNDl S 

PALOrUS 

DUODENUM 

A 

4 

Healed 

Healed 

Neg 

Neg 

5 large nonperf ulcers 

B 

34 

Healed 

Healed 

Neg 

Neg 

Severe duodenitis 

c 

4 

Healed 

Healed 

Neg 

Neg 

1 lirge ulcer 

D 

3 

Healed 

He lied 

Keg 

Xeg 

1 chronic ulcer 

E 

3 

Healed 

Healed 

Xeg 

Xeg 

1 large perf ulcer 


Each dog recened 30 mg of histamine (base) once dailj Dog B nas sacrificed the 
remaining dogs died. 

Summam Four out of il\e dogs had duodenal ulcers In all cases the excisional ulcer 
and gastrostomj uere completelj healed 
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Ihc rjfcct of Jhstaminc on 3 \\ ccl Old Pylonc JJa:cxsxon(il Vlccrs — (See 
Table III and Fij, 2 ) Sg\ oii out oL Iwchc clogs had ulcci of the pj loius and/or 
duodciunn In e\ci\ instance the c\cisioml nicer uas compicteh healed and 
did not iculcciatt as a usnlt of histamine administiation The incomplete 
healing of t^\o of tlic gastiostomj wounds was piobablj due to the use of non 
absoilnblc sutuic matoiinl in closing the wound The fact that ulceiations did 
occur m aicas immedialch adjaiont to the healed iileci is stiong c\idrncc ot 
the local icsistancc of the healed ulcer 



. Fig: — The exclalonal \ilcer ■^^os made three weeks before the dally injections of 
•astamlne In beeswax were started The animal was sacrificed after twelve dajs of injectiora 
^auae It was moribund Note that ulcers and erosions occurred Immediate! j adjacent to the 
neaied ulcer but spared the scar Itself 


DISCUSSION 

On mere speculition, a healed uIcci ini^ht be expected to be more susceptible 
than adjacent nonnal mucosa to injun fiom histamine and gastnc hjiiersecre 
tion Ceitainlj present daj concepts hold that the ‘reeiiirencc ’ of peptic ulcer 
’Q a patient usualh lepresents the biealung domi of the old idcer site rather 
than the ioiwatwn of an iileez at a new site The eiidence of the inoreased 
resistance of a reeentlj healed fiindie oi pc lone excisional iilcei iiliich is pro 
'idedbj the pi esent studies is subject to scieial inteipietations 
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Tabfe nr Incidence of Ulceps in Dogs in Which Dailn Iviections of Histajiine in 
Beesiian Wepe Begun Three Weeks After Excising a Piecf of Pyloric Mucosa 


DOO 

SUR 

VI\ Mi 
TIME 
(DAIS) 

EXCISION 

UECER 

G4.STROS 

TOMY 

FUNDUS 

i 

i 

PV LORUS 1 

DUODENUM 

p 

28 

Healed 

Healed 

Heg 

Neg 

Neg 

G 

6 

Healed 

Healed 

Erosions 

Erosions 

1 acute ulcer 

H 

2S 

Healed 

Healed 

Hcg 

Neg 

Neg 

r 

28 

Healed 

Healed 

Neg 

Neg 

Neg 

X 

55 

Healed 

Incompletelj'' 

healed 

Neg 

3 acute ulcers 

Neg 

Y 

22 

Healed 

Healed 

Neg 

1 perf ulcer 

1 small ulcer 

Neg 

z 

28 

Healed 

Healed 

Neg 

Neg 

Severe duodenitis 

EE 

1 

Healed 

Healed 

Neg 

Neg 

Neg 

FF 

14 

Healed 

Healed 

Erosions 

Erosions 

Healed perf ulcer 

GG 

1 

Healed 

Incompletely 

healed 

Neg 

Multiple acute 
ulcer 

Neg 

HH 

12 

Healed 

Healed 

Neg 

Multiple acute 
ulcer 

Neg 

II 

4 

Healed 

Healed 

Neg 

1 large perf ulcer 

1 chronic ulcer 


Dogs F, H I X Z and HH w ere sacriflced the remainder died 

Summary Seven out of twelve dogs had ulcers of the pvlorus and/or duodenum All 
CNclsional ulcers were completell healed 


One consideration is that a leeeutly healed iilcei may have cells winch are 
moie resistant to damage This may be due either to an inherent propel tv of 
the epithelial cells or to the vascularity of the underlymg granulation tissue 

The studies of otheis whose woik has alieady been cited have shown that 
the fiesh unhealed exeisional ulcer is moie susceptible than the sui rounding 
nomal mucosa to histamine induced ulceration Oui studies show that some- 
time dux mg the healing piocess this inci eased susceptibility is leversed, resulting 
in a greatei than normal resistance of the healed iilcei 

It is piobable that human peptic ulcers are often not completely healed and 
so do not leach tlie stage of inci eased resistance If the findings of this studv 
should pioie to be applicable to human peptic ulcei disease, the3^ will have im- 
poitant implications for theiapy Thus with Mgoioiis and piolonged uleei 
therapj to insuie complete healing, the incidence of apparent or real recurrence 
might be gieath lessened 

CONCLUSION 


Thiee-week-old, healed fundic and p3doiic excisional iileeis do not bieak 
dovn and leulceiate when histamine-beeswax is gnen although ulcei foimation 
oceuis in the adjacent normal mucosa of the prdoiic portion of the stomach and 
duodenum 
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CONCENTRATION OP FREE VALINE, TRYPTOPHANE, AND 
HISTIDINE OP PLASJMA OP YOUNG AND OLD 
INDIVIDUALS, DETERMINED WITH THE 
illCROBlOLOGIC METHOD 

Philip Ackermann, Ph D , Lilli Hofstatter, and William B Kountz, M D 

St Louib, Mo 

T he nuciobiologic luetliod foi detei mining e&sential ammo acids has been 
used quite fiequently foi the analyses of piotein of various souiees^ with 
techniques laiymg as to type of media and baeteiia employed^ Published 
data on the fiee essential ammo acids in the blood plasma of noimal indi- 
viduals as deteimmed with the microbiologie technique aie still scaiee Hiei 
and BeigemP lepoited the concentrations of ten essential fiee ammo acids 
m the plasma of thii H -tin ee noimal young individuals, nme of them being 
uomen These authors used Lmconosioc mesenteroides for the deteiraination 
of histidine and Laciobanllus aiabmosis for tryptophane and valme 

The use of nioie than one Uqie of bacterium requiring also a largei number 
of media becomes inconvenient wlieiievei the optimal detei nimation of 
several anuno acids is desired L mesenteroides has been suggested as pos- 
sibly suitalile foi the deteimmation of a larger nmnbei of ammo acids than 
employed so fai, since it was found to leqiiire sixteen ammo acids foi optimal 
gi oiyth * Up to the present, howeyer, we lia-ve foimd no publications in which 
L mesenteioidcs was used m the determinations foi yalme and trj'ptopliane, but 
it was emploA ed successfulh foi histidine ^ ^ 

AVe ueie paiticularh mteiested m investigating whethei the concentia- 
tions of fiee essential ammo acids of the plasma m man aie maintained 
thioiighoiit life Because of the seal city of data on noimal subjects in the 
hteiatuie and as the use of L mescntei aides was extended to the deteimma- 
tioii of 1 aline and tryptophane oui lesults on old individuals were compared 
uuth those on young subjects established in oui laboiatoiy yith the same 
techniques 

METHOD AND MATERLAL 

Our subjects included tucntj seicn \oung and twenty three old indniduals The 
■\oung subjects vere mainh hospital emploToes who vore in good health The old indi 
\iduals were inmates of the St Louis Citi Infirmarv Ho'^pital whoso ages ranged from 
52 to SS None of the patients was acuteli ill at the time the tests were performed, but 
all had chronic diseases often found associated with old age Their clinical diagnoses 
included generalized arteriosclerosis, aiteriosclerotie heart disease, degeneTati\e arthritis, 
senile psrchosis, old cerebral thrombosis, and old bone fractures 

From each of the subjects in the basal state, 50 ml of blood nere uithdrai\-n, using 
heparin as the anticoagulant The plasma vas separated mthin one hour and tungstic 
acid filtrates i^ere prepared as described lu Hior and Bergeim Me used L mesenteToidc‘i 

FYoni the Division of Gerontolos^ Washington Unhersitj of Me.llclne anil the SL Louis 
Citj Inflrmarj Hospital 

Amino acids courtesj of Merch A Co Inc Rahwae X J 
Rccei'Cd for publication Sept 30 194S 
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for all subjects vith tlio mciluim D of Dunn nnd couorkera* in the dotornuuations for 
inline, trjptophnne nnil Iusti<lint In addition in fourteen of tho joun^, indinduals 
inline and trjptoplmno ivna also dottrmmcd iiith 7 amhuto^t^ in tho medium (lc*!cribcd bj 
Henderson and Snell c 

The ammo ncida nnd ^onle vnitp for the tuo different uiedm noro Moighcd in sub 
stance for each determination \ ilamins purine*! and the salts A nnd B made up as 
dc cnbed bj Dunn nnd nssocintes ‘ wore ndded in solution Tho procedure irns followed in 
ps'^entiallv tho same iiai ns dc eribcd b\ Dunn and coworkersi and Stokes and co 
iiorkers’ iiitli 1 ml portions of medium for eieli sample Ilouerer for greater nreuraej 
the titrations nero earned out potontiometrienlli Further after completion of the incu 
batioa period, tho s nnples uen stored in ico to elieck further groiith during the time re 
quired for titrating 

RESULTS 

Tal)le I shows the eoncontintion of ^almt (i\ptophaiie and histidine 
cspicssod in miciogianis pei millilitci of phsma in sonng snd noiinal indi 
'uhinls All the deteimin itions woic peiformed with I mcscyitei oides 


TmiieI FrEr Amino Void Content of Pi«vsm\ in Noemal \ouj.o iNaniDUALS 
(Bepoeted as Micnoor^jis pep Miluutep of Fwsma) 


PATIENT 1 

VOF i 

V VLINF 

( TrVJ'TOIJIANf 1 

HISTIDINE 

Men 





24 

37 

34 ') 

10 s 

12 0 

2ij 

oo 

30 0 

13 8 

132 

20) 

3- 

30 0 

12 r 

15 9 

0 

20 

30 0 

335 

177 

2S 

34 

20 4 

123 

14 4 

20 


27 0 

78 


30 

25 

27 0 

31 4 


31 

Oj 

31 5 

12 0 


32 

30 

33 0 

105 


Average 


'>0 3 

11 7 

14 0 

Standard deviation 


±2 2 

±1 8 


M omen 





33 

IS 

34 S 

14 7 

14 4 

34 

3S 

30 0 

15 0 

14 1 

35 

oo 

30 6 

13 8 

13 8 

30 

34 

28 2 

144 

13 8 

37 

32 

19 5 

114 

12 3 

3S 

21 

21 3 

105 

13 2 

30 

10 

23 7 

12 3 

14 1 

40 

2S 

30 0 

11 4 

1j 0 

41 

21 

30 0 

11 7 

14 7 

42 

10 

-7 0 

S 7 


43 

20 

22 5 

0 3 


44 

21 

27 0 

0 0 


45 

21 

33 7 

13 2 


46 

20 

20 4 

123 


47 

21 

24 9 

12 3 


48 

21 

28 8 

120 


40 

21 

22 8 

09 


50 

21 

312 

12 0 


Average 


27 8 

11 8 

13 9 

Standard deviation 


±4 6 

±2 2 


Total 





Av erage 


20 6 

11 8 

14 2 

Standard deviation 


±4 0 

±21 

±1 3 
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Table U Comiakison of the Conceatration in the Plasma op Ppee Valine and 
TiAPTOPHANE DETEBJIINED yVlTlt L SIEfcENTLKOlDFS AND L APABINOSIS IN FOURTEEN 
Young Individuals (Eepopted in Micbooravs per JIilliliter of PiuISma) 


PATIFNT 1 

1 j 

1 SEX t 

1 

AGE j 

1 A^ALINE j 

1 TRAITOPHANE 

' L 

IMSSENTEROIDES 

L 

ababinosis 

JIBSENTEROIDES] 

I ^ 

1 AKABINOSJS 

29 

M 

25 

27 0 

29 4 

78 

8 

1 

30 

M 

25 

27 6 

27 0 

114 

12 

0 

31 

M 

25 

315 

34 2 

12 9 

13 

5 

42 

F 

19 

27 9 

30 0 

87 

9 

3 

32 

M 

30 

33 0 

33 9 

10 5 

9 

6 

3S 

F 

21 

213 

21 9 

10 5 

10 

8 

43 

F 

20 

23 5 

24 6 

9 3 

11 

4 

44 

F 

21 

27 0 

26 4 

90 

9 

0 

45 

P 

21 

33 7 

361 

13 2 

13 

8 

46 

F 

20 

26 4 

27 6 

12 3 

11 

4 

47 

F 

21 

24 9 

26 4 

12 3 

11 

7 

48 

F 

21 

28 8 

31 8 

12 9 

12 

9 

49 

P 

21 

22 8 

24 3 

69 

6 

9 

50 

F 

21 

31 2 

31 5 

12 6 

13 

2 

Mean 

Standard deiiation 


27 5 
±3 7 

28 9 
±4 0 

10 7 
±2 0 

11 0 
+3 0 


Paiallel studies Avith L mescntei oides and L a?{tb%7ic>s2s ioi valine and 
tijptopJiane showed good agieement, as may be noted in Table II Snicall 
difteiences found in some of the deteiminations were ivithin the eiioi limit 
The differences of the means weie not significant, although the deteiniina- 
tions with Z aiahinosis jnelded slightly higliei values for vahne Wo found, 
Iiovevei, bettei agieement on various levels of the slope in the deteiminations 
that weie earned out mth L mesenici aides than ivith those ivith L aiabinosis 
The eoneentratioiis of fiee valine, tiyptophane, and histidine in old indi 
viduals deteiinined mth L meseitfei aides aie lecoided in Table III 


T ABLE HI Free Amino Acid Content in Blderla People 



iiEX 

AGE 

VALINE 
(ftO/ML } 

TKYPTOPIIANF 
(flG/jML ) 

HISTIDINE 

1 

F 

68 

32 


13 2 

18 3 

2 

F 

82 

22 

8 

10 8 

15 0 

3 

F 

52 

19 

6 

12 3 

16 5 

4 

M 

74 

25 

5 

99 

13 2 

5 

M 

73 

23 

7 

12 6 

18 3 

6 

M 

71 

24 

0 

90 

111 

7 

U 

74 

24 

6 


16 2 

S 

M 

08 

25 

0 

12 0 

13 8 

9 

M 

68 

24 

0 

10 2 

15 3 

10 

M 

81 

21 

3 

81 

13 8 

11 

M 

88 

21 

3 

90 

13 2 

12 

P 

S3 

24 

0 

10 5 

12 9 

13 

M 

77 

27 

9 

81 

13 8 

14 

M 

81 

23 

4 

9 6 

141 

13 


72 


5 

09 

141 

16 

M 

71 


2 

7 8 

11 1 

17 

M 

66 

28 

5 

10 2 

11 7 

18 

M 

60 

IS 

9 

84 

12 9 

1^ 

M 

66 

19 

2 

57 

8 7 

20 

M 

67 

25 

2 

99 

15 6 

21 

M 

80 

27 

3 

99 

141 

O0[ 

M 

75 

24 

6 

10 5 

14 1 

23 

F 

69 

22 

8 

13 2 

14 4 

Average 

Standard deviation 


24 6 
±31 

10 2 
±17 

J4 0 
±2 2 
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DISCUSSIOV 

The results obtained m roun{, people rnth L mcsentcrouhs for r aline and 
tnptopliniic coiiipaie uell i\ith those obtained in the literature tint 'hcic cai 
ned out uitli L arabmosis Tbe\ neie somcuhat higher in the men for \alme 
(see Table IV), the mean being 29 6 ± 4 y pci milliliter uliile IIioi and Bcrgeim 
reported 28 3 ± 3 4 y per millilitci The coiicentiation of triTitophane aa waged 
for the loung group 11 8 ± 2 1 / pel millilitci, compaied uith the litcratuies 
laliic of 108 + 21 y per millilitci Histidine determined iiitli the same 
hacterium ga\c a mean identical uith that obtained ha Hiei and Bcrgeim of 
14 2 + 2 2 y per milliliter 


Tible It CmrpMiiEON of Pfsoits of Amino Vetas of Oup LABorvTOPa aViTii Those ot 
Ilirn ANO tlEroFiMi (ItEPOFTFii vs MicronrvMS pep aiiLLiLiTEP OP Plasm V) 



1 Qun Ju\UQr \Tor\ 


1 nirn AND JiEpaEjii 

AjriNo \cin 

MJitDETOF 1 
PATUMS 1 

A\ FP \GF I 

ST\Nr)\PD 

DEXIATIOV 

1 StlMBFrOF j 
r\TIENTS 1 

\VEnAOE 1 

STAND VTD 

DLTIATION 

\ aline 

Mon 

0 

^0 ^ 

H-O 0 

24 

28 D 

+3 7 

Women 

18 

27 8 

i4 0 

0 

20 7 

+3 0 

Total 

27 

29 0 

*4 0 

33 

28 3 

±3 4 

■irjptonhano 

lien 

D 

11 7 

±18 

24 

111 

+23 

1\omcn 

18 

11 8 

4.0 O 

0 

08 

±11 

Total 

27 

11 8 

±2 1 

33 

108 

±21 

ilUtldlQQ 

Men 

5 

U6 


24 

24 2 

±2 4 

Women 

0 

13 9 


0 

14 0 

± 8 

Total 

14 

14 2 

±13 

33 

14 2 

±1 8 


A compaiison of the concentrations of joung and old indiaidiials (Table 
V) disclosed no diffcienco foi histidine 14 2 y pci millilitci compaied avith 
140 + 22 y pel millilitei , a not significant difteience for tryptophane, 11 8 y 
per millilitoi compaied avath 10 2 y pei milliliter, hut a defiiiitelj lower value 


Table V CoMPAnisoN of Amino Acid Content of Plasma in A ouNO and Old People 

tPEPOFTED IN MiCPOORAMB PEP MiLLIUTER OF PLASMA) 



1 NUMDLP OF 1 
( PATIENTS 1 

VALINE 

1 NUMBER OF J 

1 PATIENTS j 

TIl\rTO 

PIIANE 

[ NUMBER OF 1 
1 PATIENTS 1 

HISTIDINE 

people 

23 

24 0 
±31 

23 

102 

±21 

23 

14 0 
±2 2 

loung people 

27 

29 0 
±4 0 

27 

11 8 
±2 1 

14 

14 1 
±1 4 

•L^itt'erenco 


50 


1 6 


1 

standard error 


±1 0 


± 0 




foi a aline The mean foi a aline m the aonng noinial subjects aaas 29 6 + 4 y 
per milliliter, avhile it compiised in the old jndiaiduals only 24 6 + o 1 y pei 
milliliter, the difference being 5 y per milliliter of plasma The standard error 
was calculated'’ and found to he 1 0 y per milliliter 

soMMAry 

1 The 1 csiilts obtained aa ith L mesentet aides in determining ti-j ptophane 
8u3 aalinc are eompaiable aaatli those determined avath L arabmosis 
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Table II Agenized Peotein Supplements to Adults ’ Normal Diet op 2,500 3,000 

Calories pee Daa 


GLUTEN CEPEAI CHOCOLATE MILK 

100 6m cooked cereal 1 Glass milk 

15 Gm gluten (225 6m Agene 1 Tablespoon chocolate syrup 

per cwt ) 

25 Gm hot uatei 25 6m casern (20 Gm 

Agene/civt ) 

GLUTEN MUFFINS (Makes 12 muffins) 

1 Yeast cake 
1 Cup milk 

1 Teaspoon salt 

2 Teaspoons butter 

1 Cup bread flour (20 Gm Agene/cut ) 

ISO Gm gluten (225 Gm Agene/cut) 

1 Slightly beaten egg uhite 

1 Helping oeral 15 Gm gluten 12 5 Gm protein 

1 Muffin 15 Gm gluten 12 5 6m protem 

15 Gm flour 1 0 Gm protein 

1 Glass choc milk 25 Gm casein 23 7 Gm protein 

Each adult patient regularly consumed 

1 Helping cereal 

1 Muffin 

3 Glasses chocolate milk 

each day as a supplement to normal diet (08 Gm Agenized pro tein) 

yvitlim normal limits These subjects had noted no nntoivaid symptoms while 
on the diet One subiect gained almost thirty pounds and the othei ten 
pounds in weight dining the e\peiimental peiiod 

DISCUSSION OF RESULTS 

Previous experiments have shown that the gieatei the amount of Agene 
tieated material in the lation or the moie heavily it is treated the moie rapid 
IS the onset of the gross and electioencephalogiaphic abnoiinahties m dogs, 
Newell and co-ivoikers " One would expect the same to be tiue m man if he 
weie susceptible to a possible toxic factoi ni the Agenized mateiial 

Ploui bought on the maiket is usually tieated with 125 to 2 5 Gm of 
Agene pei hundi edweight Not only yveie the expeiimental diet supplementa 
tions moi e heaialy ti eated wath Agene, but also as much as 100 Gm of highlv 
Agenized protein (225 Gm Agene per hundredweight) weie consumed m ac 
dition to the iioimal diet yvhicli contained wheat products treated yvith com 
meicial levels of Agene We suggest from these facts that, by analogy with 
the 1 ations used to pi oduce canine epilepsy, the diets used m these human 
obseivations should be an adequate test of the susceptibility of man to a 
similar toxic factor in Agenized mateiial 

None of the nineteen patients (Table III) wdio consumed this highly 
Agemzed diet showed any clinical oi electroenceplialogiaphic evidence of t g 
development of epilepsy Noi did the five epileptic patients shoiv anv 
demonstrable ineiease in the numbei of epileptic seizin es or any sigmfican 
increase in the abnormality present m their electroencephalograms 
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DISCUSSIOV 

Tilo iCbults obtnmcd in people with L mcscntci aides loi \alnie and 

triTitopliniic coniiwic well with those obtained in the Iitcntiire that were cai 
ned out with L arahinosis Tliei weic sonicwlnt highei in tlie men for nlino 
(see Table IV), the mean being 29 C ± 4 y pei milhlitei while Ilict and Beigeini 
reported 2S 3 ± 3 4 y jier nnllihtei The eoiicentiation of tn-ptopbano ateraged 
for the loiing groii]) 11 S ± 2 1 / jiei millilitei, compaicd with the literatnies’ 
nlue of 108 ± 21 y per nnilihtei Histidine detei mined with the same 
bacterium ga\e a mean identical witli that obtained bj Hioi and Bergeim of 
14 2 + 2 2 y per millilitei 


Tible I\ CoMrvnsos oi Iti suits op \miso \ciis of Our LAnoPAToav With Those op 
JI iFP AND REPoinii (ItEporTip \s MicroPttAMS pep MnuLiTEr op Plasms) 



[ our r \lto^vTOR^ 


1 niFRAVDBEPOEIM 

1 

A3Il\0 vein 

NUMDEP or I 
PATIENTS 1 

1 

AMi^vrr 1 

KTWinPD j 
r)Mr\Tio\ 1 

sinfurroF I 
r\‘nE\TS 1 

A^FPAGE j 

ST\NDVrD 

DEVIATIOJV 

^ Qlmc 

Mon 

0 

30 3 

+ > 2 

24 

28 9 

±3 7 

■\Vonicn 

IS 

27 S 

±4 0 

0 

20 7 

±3G 

Total 

27 

20 0 

±4 0 

33 

28 3 

±3 4 

Tr^-ptonhano 

iron 

0 

11 7 

±18 

24 

11 1 

+2 3 

Women 

18 

11 8 


9 

98 

±11 

Total 

27 

11 S 

±2 1 

S3 

108 

±21 

Mistidino 

lien 

5 

14 C 


24 

14 2 

±2 4 

Momen 

9 

139 


9 

14 0 

± 8 

Total 

14 

14 2 

±13 

33 

14 2 

±18 


A oompiiisoii of the coiicentiatioiis of jonng and old individuals (Table 
V) disclosed no dideicncc foi histidine 14 2 y pei millilitei compared wnth 
140± 22 y per millilitei a not significant diffcienoe for tijptopliane, 11 8 y 
pei millilitei compaied with 10 2 / pei milliliter but a definitely lower value 


Table V Compabison of Vjiiao Acid Content of Plasma in Toono and Old People 

(RePOPTED in SIlCKOCnAMS PEI MiLLlLlTEK OP PLASMA) 



1 NUMBFJlor 1 

1 PVTICNTS 1 

VALINF 

1 NUMBEP OF 1 
j PVTIENTS 1 

xrrrro 

PH\NE 

1 NUMBEP OF 1 
1 PATIENTS 1 

JIIBTIDIAE 

'Jld people 

23 

24 G 
±31 

23 

10 2 
±21 

23 

14 0 
±22 

ioung people 

27 

20 0 
±4 0 

27 

11 8 
±2 1 

14 

14 1 
±1 4 

IJiUerence 


5 0 


1 6 


1 

■’tnndard error 


±I 0 


± 0 




ior valme The mean foi saline in the joinig normal subjects was 29 6 + 4 y 
per millihtei, while it compiised in the old indisiduals only 24 G + 3 1 y per 
nnllihtei, the diffeience being 5 y per milliliter of plasma The standard error 
aras ealculated® and found to be 1 0 y per millilitei 

SUSIMART 

1 The lesults obtained with i mesenteroides in deteianinmg tirptophane 
nnd valme are comparable svith those determined wath L arahinosis 
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2 Deteimmations of fiee \ aline and tijptophane of the plasma in twentj- 
seven noiraal young individuals yielded means of 29 6 ± 40 y jiei millihiei 
and 11 8 ± 2 1 y pei uiillilitei lespectively Tins compaies well with findings 
lepoited pieviously bj' otliei anthois 

3 The concenti ations of fiee tiyiitophaiie and histidine in the blood 
plasma of eldeily indnidnals weie found not to diffei significantly fiom those 
ot young noimal subjects uhile the concenti ation of fiee i aline is lowei in old 
mdiMduah, at least in those who aie afflicted vith degeneiative diseases 
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STUDILS OV IlU'irW SLBJJCIS RECl m\G IIIGIim Af.EMZED 
rOOI> Af \TERI VLS 

G A\ I’li D 1 ( i iicK'-ON, Af ]) A\ E f iLhOS AID 

S N GfU-SlIOIl AI S \ND C V 1 PlI U 

M M>I^ON A\ IS 


F or o\ei i (iiinrler of a ctntm\ iiilioteii fiichloiicle (eoiiuuoii]} known as 
Agene) lins tjccn used b' tlie imtling indiistn as a maturing agent for white 
flour The appaient siipenorita of \„enc oici other agents and the ease wnth 
which this gaseous component can tie handled ha\e made it the most common 
maturing agent for w lute flour 

In Dceemher of 194G Alellanln* fust icpoited that running fits could 
he precipitated in dogs when Ihea wcic fed diets containing flour tieated 
with nitrogen trichloride As far had as 1937, Slelniek and CowgilP lepoited 
that the alcohol soluhlc moieti of wheat protein, gliadm caused convulsions 
when fed to dogs AA’agnei and Elcchjem^ in 1044 reported that wheat 
gluten, the watei insoluble poition of wheat protein piodiiced running fits 
when added to an othciwiso eoinpKte lation lAs little ns 10 pei cent wheat 
gluten in a purified ration iiiduecd these attacks in twenty file to thirtr dots 
while inci eased amounts of the piotem brought on sciriiics in propoitionalh 
shorter peiiods rurtlicr iincstigation ba Newell and co workers* after 
Alcllanhy’s repoit showed that Agene but none of the other commercial 
matnnng and/or bleaching agents would react with flour or gluten to pro 
fluce the to\ie factoi which caused fits In order to induce fits readily in 
flogs flour was included at 84 percent of the ration 

The jbiierican diet raielj contains more than 30 per cent of flottr Piae 
dogs ^vc^c pHced on rations which contained 30 per cent of flour tieated 
commeienl Ic'\els of Agrene These animals were fed the rations foi 
periods of fiom ten to twehc months and all remained Lealth;> ■vnth no an 
dieation of lunning fits Electroencephalognins were taken on these animals 
they had been on expeiiment foi se'vcn to nine months and all showed 
f'Ormal tncings Thus it was appaient that in oidei to produce an-^ effect in 
It was necessan to feed the commorcinlh treated flour at excessive le\els 
or the flour had to he tieated wath lai gc quantities of Agene 

The susceptibility of othei species of animals has been tested, and while 
^wne werfe quite as sensitnc as the dog, the conmJsne state was readily m 
duced by feeding higlih Agenized floui lations to labbits, cats, mink, and 
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deceived for publication O L 14 1948 


239 



240 


NEWELL, ERICKSON, GILSON, GERSHOFE, AND ELTCIIJEM 


feiiets No effect was obseived when Agemzed lations wcie fed to lats, 
chicks, 01 guinea pigs Moiikejs fed luglily Agemzed floiii lations shoiied 
abnoimal electi oenccphalogi ams, but no gioss changes Silvci and associ- 
ates’^ also leported abnoimal eleeti oeneephalograms and stated that monkeys 
fed highly Agemzed lations developed asjTieigy, weakness of the extiemities, 
and sluggishness in lesponse to nutating stimuli in compaiison with noimal 
animals Radomski and co-i\oikeis,‘ houevei, obsened no adveise conditions 
nhen monkeys weie fed highly Agemzed lations foi as long as fifty-foui 
days 

It was lepoited in 1946® that eleetioeneephalogiams taken on dogs fed 
Agemzed ivlieat gluten showed biain wave patterns similai to those seen in 
cases of idiopathic epilepsy in man Since the convulsions and electi o 
eneephalogiaphic patterns of these dogs showed a close analogj" to human 
epilepsj' the question aiose whethei Agemzed wheat products play any pait 
in the incidence of human epilepsy The publication of IWellanby’s at tide 
at this time added emphasis to the pioblem Ai tides have appealed in the 
lav pi ess implying that Agene tieated floui is an impoitant cause of human 
epilepsy even though no diieet eiidence has been published to siippoit such 
statements 

In an effoit to answei this question, childien and adults have been fed 
diets which eontam normal and excessive amounts of Agemzed food pioduets 

METHODS AND RESULTS 

The ehildien, 5 to 16 3 mais of age, ueie hospital patients, the adults were 
students at the Uim eisity Some subjects had no pievious histoiy of epilepsy, 
uhile live patients had had seizuies fiom time to time Aftei a physical 
examination bj^ a membei of the medical stall each patient was placed on a 
1101 mal diet foi a week oi more, duiing uliidi time seveial contiol electi o- 
encephalogiaras (EEG) weie taken Aftei the characteiistic electi oencephalo- 
gram of each patient had been determined, supplements of white lloui, uhole 
wheat flour, wheat gluten and casein tieated inth Agene (3 to 225 grams pei 
hundiedu eight) veie incoiporated into each meal fed the patients The foods 
treated mth high levels of Agene weie included in such items as ceieal, choco 
late milk, muffins, bread, giai'j, and meat patties Although the patients 
luiew an expeiimeiital diet was undei test, they did not knoiv what was being 
used 01 11 hat effect the diet might haie upon them Eleetioeneephalogiams 
weie taken eveiy thiee to foui dajs while the Agemzed diet ivas fed Some 
of the subjects weie continued on the diet foi peiiods as long as 210 days 
The children weie offeied 100 to 150 Gm of Agemzed food pioduets pei day, 
but the consumption was not constant due to the unpalatabihty of tlie food 
supplements On the whole, the childien consumed 65 to 75 pei cent of the 
Agemzed foods offeied The adults weie fed Agemzed foods on the basis of 
their piotein content and, in general, attempts weie made to include sufficient 
quantities of the tieated mateiials to supply 100 Gm pei day Since palata 
bilitv had been increased as a lesult of piemous tests in feeding the chil- 
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(Irwi (1)1(1 bcciiiisc Jidiilts luie oisin to iioi!.. luth, all the Ageiiized foods 
olTored iierc eoiisuiiicd In tlusi solijfcts except two patients (tint is C M 
niul 11 B ) M ho dc\ eloped muse i 

In Tilile I me suiiiiiiniizcd tin. A„cm/ed food supplements ofleied to the 
children Consniiijition in terms ol Igeni/ed piotcin imigcd fioiii 40 to 114 
Gm per dm de]iendint upon the nceeptmue of the foodstiifls hj the patients 
The doiii was tieatcd with 3 Ciiii ol IgeiR pei hiiiidied pounds which is two 
times the niiiouiit of Agcne usid to tieat floui coiiiiiiciciallj The gluten was 
ninde from tloiii tieiited with 4 fiiii of Aoeiic pel hiiiidicd pounds (which is 
CQimalcnt to 40 Gni of Ageiu iiei Iiiindrcd pounds of gluten) Thus the 
eliildren rocened diih twenti tliiee to tliiits times ns much actiie mateiial 
os might he pieseiit in n iioiinnl diet 


T\,m F I \OV MEFI) ] oon ''Lin F\t» NTS IX* ( III! I»rF\ <? NnpM VL Dift of 1 500 1 800 
C viol ITS I H I>\\ 


rLLTLN CFPf \I 
100 Cm cooKod coroil 
2o Cm (jlutcn (40 Cm 
Apeno por cv\t ) 

2o Cm liot M itcr 


i 1 1 TFV ilELVT t VTTIES 
7> Cm ruu ground meat 
2o Gm f,luten (40 Gm 
Vponc per cut ) 

Milk to moi«trn 


1 Uelpinj, cereal 
1 Meat patt^ 

1 MufJin 


rttTFN MiiFiNS (Mules 12 mulTins) 

1 "i cast cake 
1 ( up milk 

1 Teaspoon alt 

2 Teaspoon Imtier 

1 Cup Itrea I flour (Z Gin Vgeno/cut ) 
ISO Om gluten (40 Gm \gcnc/cut) 

1 Slightl} beaten egg white 

25 Gm Clutcn 21 Gm protein 

25 Gm gluten -I Gm protein 

lo Cm gluten 12') Gm protein 

15 Gm flour 1 9 Gm profom 


fkacli cliild fed 1 Helping cereal 

1 Meat pntt^ 

3 5 Muffins 

each daj ns a supplement to normal diet (So 114 Gm Vgenized protein) 


Table II piesciits a summary of the Agenizecl piotein supplements con 
Slimed hj the adults while on the expciimeiital diet All subjects ate about 
100 Gm of highly Agenized piotein (that is tieatcd ivitli 20 to 225 Gm 
■Agene pei hundiedw eight) pei da) The Ageiic tientmeiit of the material 
led to human subjects of the pieseiit cxpeiiment was twent) two times more 
than that of the normal diet A total of nineteen patients hai e been tested 
thus fai and the i esiilts ai e pi esented m Table III 

In addition two of the adults (E G H and AES) were subjected to 
more intensive examinations aftci thej had been on the Agene diet foi a 
period of seven months The gastrointestinal \ ray study was completely 
Negative Erythi oc) tes, leucocytes, and differential blood counts as well as 
Prmalysis, blood sugar nonprotein nitrogen, and serum protein values were 
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Tabre II Agemzed Protein Supplements to Adults ’ Normal Diet of 2,500 3,000 

Calories per Dat 


GLUTEN CEREAL CHOCOLATE MILK 

100 6m cooled cereal 1 Glass mill 

15 Gm gluten (225 Gni Ageno 1 Tablespoon chocolate sjTup 

per cnt ) 

25 6m hot uater 2a 6m casern (20 Gm 

Agene/cu t ) 

GIUTEN MUFFINS (Makes 12 muffins) 

1 Yeast cake 
1 Cup milk 

1 Toispoon salt 

2 Teaspoons butter 

1 Cup bread flour (20 Gm Agene/cnt ) 

180 Gm gluten (225 Gm Agcne/cnt) 

1 Slightly beaten egg white 

1 Helping teral 15 Gm gluten 12 5 6ni protein 

1 Jluffin 15 Gill gluten 12 5 Ora protein 

15 Gm flour 1 9 6ni protein 

1 Glass choc milk 25 Gni casein 23 7 6m protein 

Each adult patient regularly consumed 

1 Helping cereal 
1 Muffin 

3 Glasses chocolate milk 

each day as a supplement to normal diet (08 Gm Agemzcd protein) 


Within noimal litait& These subjects had noted no untowaid symptoms while 
on the diet One subject gamed almost thiity pounds and the othei ten 
pounds m iveight dm mg the expeiimental peiiod 

DISCUSSION OP RESULTS 

Piemous eypeiimeuts have shoivn that the gi eater the amount of Agene 
tieated mateiial in the ration or the moie heavily it is tieated the moie rapid 
IS tlie onset of tlie gross and eleetioeucephalographic abnoimalities in dogs, 
Newell and co-woikeis ■* One would expect the same to be tme m man if he 
weie susceptible to a possible toxic factoi m the Agenized mateiial 

Floui bought on the maiket is usually tieated with 125 to 2 5 Gm of 
Agene per hundiedweight Not only weie the expeiimental diet supplementa- 
tions moie heavily tieated mth Agene, but also as much as 100 Gm of highlv 
Agem/ed piotem (225 Gm Agene pei hundredweight) weie consumed in ad- 
dition to the noimal diet which contained wheat products tieated mth com- 
meieial levels of Agene "We suggest fiom these facts that, by analogy with 
the lations used to pioduce canine epilepsy^, the diets used in these human 
obseivatioiis should be an adequate test of the susceptibility of man to a 
similai toxic faetoi in Agemzed material 

None of the nineteen patients (Table III) who consumed tins highly 
Agemzed diet showed any cbnieal or eleetioeucephalographic endence of the 
dcAclopment of epilepsy Noi did the five epileptic patients shmv any 
demonstrable increase m the number of epileptic seizuies oi any significant 
meiease in the abuoimality present in their electioencephalograms 
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TutLElII CUNiaM JIiSToniES hr M rs t)i FEFDivn Vgemzfd Diets TO Human 

S » MLTb 


I UIE 

SEX 1 

\0E 

(\r ) 


CO JTPOf FFC 

TIMEOV 

DIET 

(DUS) 

RESULT 

L. \ 

il 

10 

l^orinnl 

» 0/scr and 

H 12/gcc wa\C9 

60 

No change 

un A 

F 

22 

Grand mal, potit nijil 
cpilcpsj 

\ iirnhlc normal, 
I 5 0/ ec 
ives 

GO 

No convulsions, 
"Jluch better", 
gamed wt , EEG 
variable, between 
normal, Fj spike 
and wave 

J M B 

M 

IS 

Mlcrpic dcmntiti 

Nf rmal 

8 12/bcc waves 

12 

No change 

M B 

F 

24 

Idiopntluc epilepsy 
dcrniatitis 

Normal 

8 12/set. Mures 

12 

Nausea, no change 

5I.E.B 

at 

10 

II)*pcrtrophiC(l tonsils 

Normal 

812/sec Mares 

64 

No change 

J \ F 

M 

0 

Fmeture of right liip 

Isormal for ago 

21 

No change 

D 0 

RI 

7 

Porlhca’ disca e 

Normal for age 

28 

No change 

bag 

M 

10 

Mjopm, nene, j,rftn 1 
mal 

opjlcp3\ 

Normal 

8 12/sec wares 

5D 

No change 

E.n 

I 

8 

Bronchiectasis men 
tal dcficicnc) 

Normal for age 

21 

No change 

K Q n 

M 

17 

M) opia 

Normal 

8 12/6ec wares 

210 

No change 

T J L. 

JI 

21 

Impetigo 

Normal 

8 12/scc M a' cs 

5D 

No change 

■VMM 

F 

10 

Congenital dislocation 
of hip, acute 
cystitis 

Normal for age 

14 

No change 

E.I! I! 

M 

4 

Epilcpsj duo to focal 
cerebral cicatrix 

Normal for age 

12 

No convulsions 

B P E 

M 

11 

Epilepsy, grand mal, 
porcncephal}, men 
tal retardation 

1 5 3/scc wares 
and spikes 

7 

No change 

0 E S 

F 

20 

No disease 

Normal 

8 12/6CC wares 

15 

No change 

U P T 

U 

23 

No disease 

1 annWe 8 12 
and 3 5 8/scc 
Marcs 

7 

14 

EEG varied inde- 
pendently of diet 

? G T 

F 

10 

Mental deficiency 

Variable 3 6/sec 
Marcs 

19 

EEG still variable 
no marked change 

A E S 

M 

20 

No disease 

Normal, 8 12/scc 
MTives 

210 

No change in EEG 
or clinical con 
dition except gam 
m M eight 

CUM. 

U 

22 

No disease 

Normal, 8 12/sec 
wares 

25 

No change, lost 
weight 


244 


IvETOLL, EUICKSON', GILSOX, GERSHOFE, \^D ELVFHJFJI 

Siiscej)tibihty to tlie development of epile]3sy fiom the possible to\ic 
effect of the Agenized mateiial ivonld be expected to vai 3 " One patient 
(M F T ) (Table III) who was chmeally noimal, having no histoij^ of 
epileptifonn seizuies, had peiiodie biusts oi slow waies suggesting that he 
had the genetic oi constitutional baekgiouiid foi the development of seizuies 
Since he seemed to be an ideal subject foi testing the effect of the diet, he 
nas kept undei obseivation foi nine months and was placed on the Ageiie diet 
foi two sepaiate peiiods Tlieie was no consistent relationship between his 
abnoimal electioeneephalogiam and the time on the diet At no time did he 
del elop any suggestion of epileptic seizuies though fioni the appeal aiiee of his 
electioeneephalogiam one would have expected him to be especially sus- 
ceptible The lack of effect of the Agene diet on tlie noinial individuals, those 
with uni elated illness, and those with epilepsy in the piesent expeinnents 
does not eliminate the possibility that theie maj’" be some patients with an 
idiosimeiasy oi an alleigy to the Ageiiized pioduets Pei haps patients vnth 
a known alleigj’' foi wheat pioduets should be investigated fuithei in this 
maimei as should those with siibelniical epilepsj' 

The question aiises whethei changes would be obsened if the Agene diet 
veie continued ovei a loiigei peiiod of time By compaiisoii with dogs in 
which the ehaiacteiistic electioencephalogiaphic abiioimality and convulsions 
appeal within thiee oi foui daj^s it is evident fiom Table III that the duration 
of the tiial has been adequate It has been intimated that a lifetime consump- 
tion of biead made fioni floui tieated with Agene may cause distnibance of 
the nervous system and might induce such things as duodenal ulceis (Silvei 
and eo-woikeis“) It might be difficult to dispiove such a theoij’' as far as 
the othei diseases mentioned by these authors aie conccined, but it is well 
knoivn that epilepsy has been common since the dawn of histoij'- (Temlan®) 
Theie is no evidence of an inciease in the incidence of epilepsy in the past 
quaitei of a centuiy duiiiig which the use of Agonized floui has become wide- 
spiead As noted pievionsly, in oui patients (A E S and B Gr H ) there 
weie no clinical sj’mptoms of gastiic oi duodenal ulceis, and the gastroiii- 
testmal x-iaj" examinations weie negative aftei the patients had been on the 
diet foi seven months 

The negative results of this studj'- in human beings confirms the species 
specificity of the toxic effects of Agemzed piotein indicated by Newell and 
associates,-* that is, positive lesults weie obtained in dogs, cats, and labbits, 
and no effect vas obseived in lats, clucks, oi guinea pigs The effect on 
monkeys vas lathei doubtful This vaiiation in the i espouse of the diffeient 
species suggests a diffeieiiee in the metabolism of the mateiial in these dif- 
feient animals Possibly theie is piefeiential absoiption oi a detoxification 
mechanism piesent in man and the other iionsusceptible animals wluch is not 
present in the dog Analogous metabolic diffeiences aie well kiiomi 

SUMMARY 

Nineteen patients, including five mth epilepsv, hare lieen fed a diet con- 
taining tneiitj'-tvo to thiity times the amount of Agemzed mateiial contained 
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m T normal diet Physical, iicurologirnl and olcctioeiucplidogiapluc c\am 
iintiniLs ln^e failed to disclose am almoininl changes as the lesult of such a 
diet and none of the patients has de\ doped epileptic sei/uies as a lesult of 
this diet The lesults aic discussed in i elation to picMous studies ^\hlch lune 
shoun tlint A{,eni/ed piotiin piodiues an epileptic condition (ninning fits) in 
dogs and other iiiinuls It is siij^^ested that this species diflcicncc in le 
spouse to Ageni7ed inalinnl upu suits a species diffeieiice in absorption oi 
detoMhing nieehnnisnis 
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A CO]\IPAEISON OP THE BEOMSULPALEIN AND EOSE 
BENGAL TESTS 

Lee SIonroe, M D , and James Hopper, Jr , M D 
San Prancisco, Calif 

D ye exeietion tests have been used foi ovei twenty-five yeais as an index 
of livei function Todas”- the bromsulfalem test as introduced by Eosen- 
thal and White^ and modified by Mateei and co-workers* and the lose bengal 
test as done bj'^ Althausen, Biskind, and Ken® aie the most widely used to 
measuie hepatic i eticulo-endothelial activity The biomsulfalein*^ test has 
been subjected to numeious modifications, but it is geneially accepted that 
the administi ation of 5 mg pei kilogiam intravenously as fiist suggested by 
MacdonakP has increased the sensitivity of the test Conseivative normal 
values for foity-five and sixty minute specimens aie 5 and 2 pei cent le- 
speetively and aie in accord with the woik of Mateei, who designates 4 per 
cent as the upper normal foi the retention at forty-five minutes We have ac- 
cepted a slightly higher value for oiii foity-five minute specimen so as to 
eliminate all possibility of false positive results We have found that when 
a cuive is piepared on semilogaiithmic paper from accurately timed specimens 
taken from noimal patients, the lesultiiig graph closely approximates a 
stiaight line until very low values aie reached (below 1 per cent) Seveial 
such curves aie shomi in Pig 1 It can be noted that the occasional line 
which reaches 1 per cent at the end of an hour ivill pass close to 4 per cent in 
forty-five minutes Poi this reason, a slightly liighei normal value is used 
for the foity-five minute sample and a confiimatoiy sample is drawn at sixty 
minutes 

The rose bengal test is performed by the intiavenous admnnsti ation of 
10 cc of a 1 per cent solution of diiodotetiachloi fluorescein A two minute 
sample is withdrawn and lepresents the 100 per cent concentration An 
eight and sixteen minute sample are taken and the amount of the dye re- 
tained IS detei mined by the hand spectiogiaph Althausen and co-woikers 
give 55 and 35 per cent respectively as the upper limits of normal for the two 
samples 

The lose bengal test was developed in an era ivhen the 2 mg test of 
Eosenthal and White was in vogue and was considered to be of comparable 
sensitmty and perhaps of gieatei specificity The senes heie piesented was 
done in an eifoit to detei mine whethei the rose bengal test is as sensitive as 
the 5 mg test of Mateei and associates 

Aided in part funds from the Christine Breon Donation 

From the DiMsIon of Medicine TJniaersiU of California Jledlcal Schooi 

Receited for publication Oct 8 liUS ^ 

•Bromsulfalem for making the standard cuiaes uas donated ba Hjnson Westcott 
Dunning Inc Baltimore Md 
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METHODS 

Tho bromsulfalcin concentrations were determined bj the use of the Evelyn photo 
electric colorimeter after the mctliod described bj Brndlej s Tho rose bengnl determina 
tions \\ero done after tlie method of Althnusen and assoemtess using" the hand '^pectrogrntph 
he patients used in this series uere all suspected of having liier ojsfunction and many had 
clinical evidence of hepatic impairment 


RESULTS 

The ichiilts of this studv aie found in tabulai loim in Table I 
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Table I 



j j 

1 BROXtSULPALLIX 

1 rosE : 

BEX GAL 

1 

^0 

1 nrvGNOSis j 

,45 MIX j 

60 Mi\ 1 

1 S MIX 

S 16 xnx 

[ I^TEF\A^ 

1 

Port il < irrhosis 

14 

11 

7S 

50 

5 nh 

o 

Port i! (.irrhosis 

7 

5 

40 

20 

2 vk 


Port il cirriio<!is 

11 

6 

41 

10 

6 uk 

4* 

Portil cirr]io<os 

17 

15 

41 

20 

2 dais 


PiobibJe f ittr In Or 

9 

5 

50 

20 

1 nk 

b” 

Proboble frttj Iner 

3 

6 

54 

28 

5 \sk 

7 

Post hep ifif IS 

o 

2 

42 

22 

24 nk 

s 

Port’ll cirrhosis 

40 

31 

60 

36 

1 nk 

9 

Sj-philis, hepatomegah 

12 

8 

bO 

38 

3 dais 

10* 

Port'll cnrhosis 

10 

6 

46 

23 

4 nk 

ir 

Port'll cirrhosis 

42 

35 

54 

35 

10 dajs 

12 

Port'll cirrhosis 

26 

21 

77 

51 

2 nk 

13 

Probable hemochromatosis 

20 

26 

74 

64 

4 dajs 

14* 

Post hepatitis 

7 

4 

40 

oo 

24 nk 

15 

Hemochromatosis 

3 

1 

53 

24 

2 nk 

16* 

Toxic cirrhosis 

21 

5 

37 

21 

1 nk 

17 

Port'll cirrhosis 


25 

60 

56 

4 nk 

IS 

Hepatom i , aotopsj 

22 

20 

57 

36 

2 clajs 

19* 

Probable portal ( inhosis 

32 

24 

45 

23 

2 dajs 

20 

Diabetes 

5 

2 

42 

21 

4 clajs 

21 

Leucemia 

5 

o 

40 

29 

5 dais 

22 

Hepatomegah 

1 

1 

52 

38 

24 nk 

23* 

24 

Probable portal cnrhosis 
Hepatomeg ilj 

0 

1 

5 

1 

54 

43 

2S 

20 

6 nk 

7 nk 

« 

Denotes patients with positn c 

BSP and 

BCBatne : 

rose bcmtal 

tests 



DISCUSSIOX 

Of the t\\ ent's -foui patients suspected of liaMUg h\ei dysfunction, ten 
(417 pci cent) had positive BSP tests and negatue lose bengal deteiiiiiua- 
tioiis One patient (No 22) had a positive lalue foi the sixteen minute sample 
of lose benga] — tlie eight minute sample and the BSP test weie noimal Theie 
weie seieial patients eg Nos IS and 8, who shoned a stiongh positiie 
BSP and boi del line positn e lose bengal i allies 

Teehiiicallv the BSP is the simplei of the tno tests The leadings as ob- 
tained on tlie Evelni pliotoelectiic coloninetei ha\e little element of mdividual 
eiioi and aie not significanth influenced In hcmohsis Biomsulfalein has 
seieial disadi antages It is expensne Uloieoiei, unlike lose bengal, it is not 
elnuuiated entiielv In the Inei and spillage occuis iia the kidnei nhen liigli 
blood le\els aie eiicounteied, theieln tending to falsifi the test in faioi ol 
bctlei than actual function m eases nith seieic pathologic letention When 
BSP IS extiaiasated, it can cause a sevcie chemieal cellulitis nith the appeal ance 
of hiamiv siiellmg and iioiaceous coloiation 

Rose bengal is lelatneh cheap and has the advantage of spceifieitv, but 
also has some disadi ant ages The patients must be warned to stai out ot 
diiect sunlight aftei the test because photosensitmtj is apt to ooeiu In 
addition cells liemolv 7 e in vitio in the piesence of lose bengal ulien tliei aie 
exposed to dnect sunlight The appemance of led stools aftei the 
though fughtemiig to the patient cannot be deemed a disadiantage The 
Msual speetiogiaphic matehiiig of the absoiption bands in the dcteimination 
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of rose Ijengnl is sonieliines clinieuU pmticulailj \\hen bands of hemoglobin 
aie present in sunicient sticn^th to intoifeio The last most impoitmt diflfi 
cult> might })oihi])s l)c tlimiiiattd b^ nnihsis with a spectiophotometei 
This sciies cm be ciitici7id bee luso of the fict tint Inci function mi^ht 
haic clnngecl (lining the peiiod ivliuh elajised (lining the pcifoinnnce of 
tho tests IIow c^ Cl , a lai ge (list i cp nic\ la\ oi mg the BSP test existed w hen the 
performance of tho two tests was onh a few da\s apart riiithci this tendcnc\ 
was not influenced b} doing one test or the othci first, the senes being aliont 
cqualh duidcd m this icspcct Tlic lack of ton elation between the two tests and 
the consistency with which the BSP was positnc in the pieseiicc of a negatne 
rose hengal is a stiong inditatioii tint the CSP is a moie scnsitue pi oecclme 
Ifoueiei the sensitnity of a t(st dots not iiecessaiih leflcct its utility and 
furtliei woikma} clarify the i c Iati\o y nine of these pi oceduies 

SUMM yi \ 

•k seiKS of tyycnty foui patunts with suspected liyei disease is piesented 
m which the biomsiilfalcin and losc licngal tests aic compaied Fortj one 
and seyon tenths per cent of the patients with normal rose bengal tests had 
positnc BSP determinations The 5 mg BSP test appeals to be moie sensitnc 
than the lose bengal test as cUtcimined bj the y isinl spcctiogiaph 
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OBSmVATIONS ON THE HISTMHNE CONTENT OP THE 
GEEEBEOSPINAL FLUID IN MAN 

Ira J Jacxcso.v, M D , M Sc , and Bkam Sose, M D , Ph D 
Montreal, Canada 

TT IS geneia% agteed by most woikeis that SO to 90 pei cent of the Wood 
A histamine content is held ivithin the white cell elements,^’ = but there is 
eonsideiable eouUoAeisy as to ivhich of the white cells caiiies this bound oi 
intiaeeliulai histamine Some believe that the polynioiphonncleai eosmoplnle 
IS lesponsible,'^ whereas otheis eonsidei that the platelets aie mainly im olved ^ 
Since ceiebiospinal fluid may contain poUmioiphomickai oi lymphocjtic 
cells as a lesult of meningeal nutation, it was thought that a study of the 
histamine content of such ceiebiospinal fluid, as well as that of noimal 
samples, might piovide some emdenee as to which type of cell is lesponsibie 
foi carrying histamine 

, METHODS 

Cerebrospinal fluid collected bj lumbar puncture in the case of normal subjects, or 
direotlj from tlxc lentncle -is nell as bj tip in the neurosurgical patients, was extracted for 
iiistamine by the method described bj Code for blood ^ Five cubic centimeter samples of the 
CSP were used The extracts were issued on the isolated, itiopinized guinea pig ileum 
preparation suspended m Tjrode solution at 38® C All results are expressed is instamine 
base in gamma per 100 cubic centimeters 


SUBJECTS 


The two groups of patients studied i ere from the neurological and neurosurgical serriecs 
of the Koj-al Victoria Hospital and the Montreal Neurological Institute The first group, 
comprising nineteen patients who presented no signs of meningeal irritation, served as controls 
In all, routine examination of the C S F showed a cell count of 0 to 5 per c nun , total protein 
of 20 to 45 mg per cent, negative Vv asscrimnn, and the findings were considered normal 

The second group ms made up of fifteen patients in whom abnormal C S F findings were 
observed and on which twentj one histamine determinations were made In twelie of these 
patients, the CSF fluid was obtained during the postoperative period f?i\ patients had the 
postoperatne course complicated bi nn acute aseptic recurrent meningitis, a condition which 
follows intracranial surgerj and was descrilicd bi Finlajson and Pentield in 1941 ® They ob 
served tint after the removal of a ccnbril neoplasm or atrophic epileptogenic lesion, a blood 
clot is left behind whicli undergoes degeneration and liquefaction in the operative caiiti 
The breahdown products of the blood clot accumulate and are discharged into the subaraclinoid 
space Here they irritate its lining, resulting in an outpouring of leucocjtes This sjndromc is 
characterized bj repeated bouts of mtniugcal irritation which are associated with an increase 
in the number of leucoej-tes and protein vilucs in a sterdc spinal fluid Patients flfl and J" 
(see Tabic 11) bad their postoperative course complicated bv a bacterial meningitis (BaciUii’: 
coh and hemolj tic streptococci) A glioma of the third ventricle and a cerebellar cvstic astro 
cytoma respectiveh were removed The spinal fluid in three patients (26, 2<, and SS) was 
wathdrawm during the carlj postoperative period at which time the fluid showed a mild aseptic 
reaction as evidenced bj an increase in the lencoevte count and protein value This is a fairh 
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common finding postopcntivcl} 'ind js usunll} of no consequence The four nonoperated 
patients (31, 32, 33, and 34) pro ented abnomaal C S F values resulting from their undorljing 
intracr'inial pathology as sliorni m Table II 


Tadle I 





■ 

1 CFREUroSriN \l FLUID 



rATii:\T 

sr\ 

Pi \nNO'5IS 

AIPEAILVNCE 

TOTVT 1 

PrOTEIN , 
(MO 7c) i 

lUSTAJIINE 

(7/100 0 c ) 

1 

W S 

« 1 

-llendachc of undeter 
inuicd origin 

Clear and colorle s 

_S 

05 

2t 

L C 

p 

Cramocorcbr'il injurj 
subduml licnntonia 

Clear and colorle s 

44 

OS 

3 

1 I> 

It 

lipilcpsj, focal 

Clear and colorless 

32 

OS 

4f 

U II 

M 

Subdural hematoma 

Clear and colorle s 

2o 

08 

5 

F L 

M 

Anxietj neurosis 

Clear and colorle s 

38 

1 5 

6 

L B 

M 

ilentnl defective 

Clear and colorle«!s 

34 

08 

7t 

B T 

F 

Meningeal fibroid istoma 

Clear yellow 

20 

07 

8 

B L 

M 

Fpilepsj 

Clear and colorle s 

22 

15 

9 

n K 

M 

Epilepsy 

Clear and colorless 

34 

04 

10 

P B 

M 

Epllep3^, focal 

Clear and colorless 

35 

08 

11 

M S 

i 

Epllop3^ 

Clear and colorless 

31 

08 

I** 

R D 

F 

Astroc} toma di/Tu am 

( leaf and colorless 

10 

02 

13 

B 0»D 

M 

Trigeminal neuralgia 

Clear and colorless 

2o 

30 

14 

P P 

\t 

Craniocerebral injur> 
fractured sKull 

Clear and colorle s 

40 

08 

15 

E P 

ll 

Cerebral atrophj 

Clear and colorless 

16 

09 

10 

ir L 

M 

Epilepsy focal 

Clear and colorless 

28 

06 

17 

DD 

it 

Normal 

Clear and colorless 


07 

18 

B 

ll 

Normal 

Clear and colorless 


09 

19 

w c 

u 

Normal 

Clear and colorless 

08 

Average 0 97 


The cell count In the spinal flulj ranee I from 0 to r I>mphoc^■tes per cubic millimeter 
tThe spinal fluid SNas taken during tWs patients po«stoperatl\e period 


RESULTS 

The values obtained in the gioup of contiol cases aie shovvu in Table I 
It vmH be seen that the avenge histamine content of the CSP is 0 97 y per 
100 c c , with valuations of 0 2 to 3 0 y pei 100 cubic centimeters The highest 
value 30 y per 100 cc was found in the CST of a patient with trigemiml 
neuralgia It wull be noted that all the C S F specimens from this group were 
clear and colorless with the exception of that from Patient 7 

In the second group of cases, twenty one samples of C S F were oh 
tamed for analysis The results arc shown in Table II These samples varied 
vn appearance from colorless to xanthochromic and from cleai to turbid The 
total protein w as increased in all specimens, the highest v able being 854 mg 
per cent (Patient 20) Each sample moreover, had an increase in cell count 
"ath the exception of that fiom Patient 34, in which only the protein value 
Was slightly elevated The number of celts ranged from 0 to 11 000 per cubic 
milhaieter These were either whollj Ivanphocvtie or polvanorplioniielear or 
oeoasionally both In a few specimens red blood cells were found It will 
'vc ohscived that the aveinge histamine content of the C SP in this group of 
Patients vias 1 43 y per 100 c c as compared with 0 97 y per 100 e c for the 
controls 





OBSEEVATIONS ON THE HISTASIINE CONTENT OP THE 
CEEEBROSPINAL FLUID IN j\IAN 

Ik A J Jackson, M D , M Sc , and Br\m Eose, M D , Ph D 
SIoNTREAL, Canada 

I T IS generally agreed by most woikeis that SO to 90 pei cent of the blood 
histamine content is held within the white cell elements J- - but theie is 
eonsideiable contioieisy as to which of the white cells cariies this bound oi 
intiaceliiilai histamine Some believe that the potyraoiphonucleai eosinophile 
is lesponsible,® whereas otheis considei that the platelets aie mainly involved 
Since ceiebiospinal fluid may contain polymoiphomiclear oi lymphocj'tic 
cells as a lesult of meningeal nutation, it was thought that a study of the 
histamine content ot such ceiebiospinal fluid, as well as that of noimal 
samples, might piovide some evidence as to which type of cell is lesponsible 
for eariying histamine 

, METHODS 

Cerebrospinal fluid collected bj lumbar puncture in the case of normal subjects, or 
dvrectlj from the lentnclc as veil as bi tap in the neurosurgical patients, ivas eatracted for 
lustamme by the method described bj Code for blood ^ Five cubic centimeter samples of the 
OSS' were used The e\tracts were assaied on the isolated, atropinized guinea pig ileuw 
preparation suspended in Tjrode solution at 38° C All results are eapressed as histamine 
base in gamma per 100 cubic centimeters 


SUBJECIS 


The tvo groups of patients studied were from the neurological am] neurosurgical senices 
of the Bojal Victoria Hospital and the Montreal Neurological Institute The first group, 
comprising nineteen patients who presented no signs of meningeal irritation, served as controls 
In ail, routine examination of the C S P showed a cell count of 0 to 5 per emm , total protein 
of 20 to 45 mg per cent, negative IVassermann, and the findings were considered normal 

The second group was made up of fifteen patients in whom abnomul C S F findings were 
observed and on which twentj one histamine dcterniinatioas were made In twelve of these 
patients, the CSP fluid, was obtained during the postoperative period Si\ patients had tlie 
postoperative course complicated bj in acute aseptic recurrent meningitis, a condition wliicii 
follows intracranial surgerj and was described bj Pinlavson and Penfield in 1941 Thej ob 
served that after the removal of a cerebral neoplasm or atrophic epileptogenic lesion, a blood 
clot IS left behind which undergoes degeneration and liquefaction in the operative cavitv 
The breakdown products of the blood clot accumulate and are discharged into the subarachnoid 
space Here thev irritate its lining, rcbulting in an outpouring of leucoej tes This sjmdromo is 
characterized by repeated bouts of meningeal irritation winch are associated with an increase 
in the number of leucocytes and protein values in a sterile spinal fluid Patients 26 and 27 
(seo Table II) had their postoperative course complicated by a bacteria! meningitis (BacdUii 
coh and hemolytic streptococci) A glioma of the tlvwd ventricle and a cerebellar ijstic astro 
evtoma respectiveh were removed The spinal fluid in three patients (20, 27, and 28) was 
withdrawn during the tarlj postoperative period at which time the fluid showed a mild aseptic 
reaction as evidenced bv an increase in the leneoejte count and protein value This is a fairlj 
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The a\ci ifet IiistiiiiiinL coiitiiit of flit C&l fiom the gioup «ith istptie 
ntmrcnt ineiniigitis njis I (>4 / poi 100 tt, «hilc flie tliiec specimens fiom 
the pitients mtli Initiinl iiii miigitis iiMngcd 1 87 y pei 100 tuhic ceiiti 
meters An sienigc lust imiiit eoiiteiit of 0 97 / pci 100 cc of CSF ms 
found in tilt gioiip with enih )iostopei itnt leuttions, Mliereus oiih 087 y 
per 100 1 1 Mils found in tin ( Ml of the patients Mho had not heen opeiatcd 
on The nintions in flitse foni snhgioiips toiicspond in genenl to the nnni 
hti of loiicoiites pitstnt in the ( 8 I and do not appeal to be lelnted to tin 
ainoimt of spinal fluid piiitiin oi tin iiiidi i hiiv pathnlogi 


r nil I III 
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20 
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2, non 

I ohniorpli*) 

0 0 

1 oon 

I ohinorpli 

n 

1,0] 0 

Poh iiiorpli** 

1 s 
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P<*hTUorpli 

3 0 
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Pohjuorj li** 

05 
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1 \mpho<*\to 

3 0 

200 

I \m|>lio( \(o 

20 

120 

\ \mpliocjtcs 

20 

SI 

I \nipho< jto 

0 S 

40 

I MlipliOi \h 

20 


In Table HI tlit histainiiK \ iluis aie nii ingcd accoidiiig to the descend 
”>1 oidci of cell counts It mil hi oliscned that theie is some coiielation 
hetMeen the numbei of pol\nioiphonutleai tells and the histaniiiie content 
of the CSr hut that this is fai fiom constant Theie seems to le little 
rtlatioiisliip liftween the histaniiiic coiittiit and the hmphoeate count of the 
'’H although the histamine tallies aie delated 

DISCUSSION 

Elood plasma contains on the ai ei age 0 5 y liLStamine pei 100 c e and it 
"ill he noted that this i due is not dissiiiiilai to that obtained foi noimal 
IVhilc the nuiiihci of deteiiiiiiiatioiis m each group is small, it seems 
clear that an iiiciease in the cell count of C S F is accompanied bj an iiieiease 
'u its histamine content I loni the lesults obtained, hoiieiei, theie does not 
'ippear to be much diffeience as to iihetliei these cells me Ivmphocjtes oi 
poljmoiphomieleai in tjpe Studies on the histamine content of the blood 
of man have shoMii that foi the most pnit highest a allies are found Mheii 
unmature mvelogeiious cells pica ail such ns in the m 3 elogenous leiiccmias’ ’ 
AVe have been unable to shoaa that the eosiiiophile is per se the avhite cell 
‘esponsihle foi cmiaing the blood histamine” since niatked aaiiations in the 
Pcicentage of the eosniophiles in the blood of the same patient taken at dif 
ferent time inteiaals aaas not paralleled hj simiini changes in the blood his 
famine content 
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JACKSON AND ROSE 


It would appeal that the elevated CSP histamine imlues ohseived in 
lecuirent aseptic mennigitis aie not chaiacteiistie of this paiticiilai syndrome, 
but aie meiely a lesult of the white blood cells piesent in the spinal fluid, 
as evidenced by values obtained in othei meningeal abnormalities It is 
difficult to inteipret the value of 3 0 y pei 100 c c which was found in Patient 
13 (Table I), smce the cell count and protem values were within noimal bmits 


SUMJIARY 

1 The histamine content of the CSP was studied in a gioiip of nineteen 
patients whose spinal fluid was noimal and in a gioiip of fifteen patients 
whose CSP was abnoimal 

2 The aveiage histamine content of noimal CSP was found to be 0 97 y 
pel 100 c c ivith variations of fiom 0 2 to 3 0 y pei 100 cubic centimeters Ab- 
normal CSP was found to have an aieiage histamine content of 143 y pei 
100 e e with variations of from 0 5 to 3 0 y per 100 cubic centimeters 

3 Some correlation between the number of cells piesent and the his- 
tamine content of CSP could be demonstrated This was moie maiked foi 
polymoiphoniicleais than foi lymphocytes 

4 The underlying iiiti aei aiiial abnoimality and increased CSP protein 
values did not appear to influence directly the histamme content of the spinal 
fluid 

We wish to thank Mrs E V Harkness for carrying out the histamine assays 
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METABOLISJI OP UBIC ACID GLUTATHIONE jVND NITROGEN. AND 
EXCRETION or “11 0X1 “STEROIDS” AND 17 RETOSTEROIDS 
DURING INDUCTION OF DIABETES IN JOIN MITH 
PITUITARI ilDRENOCORTICOTROPIC 
HORMONE 


Jehome IV Conn.MD LwvkenceII Louis, Sc D , ind 

JlAnOARFT M JOIINSTOV, Pii D 

\\N \rbor, JIicii 

Alirii THE Techntcvl Assistance of Bfttt Joiinson, B S , J ane Blood, B S , 
AND Eufabfth Pinkham, BS 

I N A PREVIOUS eommunicTtion' it aars reported tint a tA-picalh diabetic 
state can be produced in imn Iia the intramuscular administiation of a 
purified preparation of adiciiocoitieotropic liormonc (A C T II) It A\as ob 
sened that loss of carbolodratc toleiancc aats not rcHted to increased gljconeo 
genesis from protein SeAcrc ncgatiAC nitiogeii balance maj accompanr loss 
of caibolndrate tolonnco induced bj A C T H but the existence of one is not 
dependent upon the picsoitee of the other 

It AAas reported fuither that a rcmTikabh close coirelation einsts between 
loss of carbolit dratc tolerance and the increased tirinarj e\crction of uric acid 
which aecompanics continued adnunistration of A C T H It Avas suggested on 
the basis of a feiA determinations of blood glutathione done on one subject, that 
heightened iiiti acellulai production of uric acid and its intermediaries pro 
duced bj A C T H, together AAith a fall of the le\els of glutathione and peihaps 
of other sulflijdnl bearing substances maj impair functional aetnity of the 
beta cells of the islets of Langerlians 

The present repoit deals avith c\penments designed to caplore further the 
relationship betAAcen loss of toleiance foi carbohj diate, increased production 
of uric acid and changes in the lei els of blood glutathione Taao normal men 
and a patient suffering from gout aieie used as the subjects of these studies 
The pioccdure and chcinieal methods employed were the same as those de 
senhed pieAiously' Avith the CNCeption that all determinations for unnarj 
uric acid* aacic performed accoiding to the method of Buchanan, Block and 
Christman Unnarj “coitin” avas determined by the method of Danghadaj 
Jaffe and Williams 

The A C T Ht used in this study VA^as pieparedt by a modification of the 
method of Sajers and co workers^ The laboiatory has supplied us with the 
propel ties of these materials (Table I) Because the diabetogenic potency of 
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ty Hospital for these determinations 
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Purified adrenocorticotropic hormone used In these studies, 
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LOT 


Tabi I. I ProPEPTiE? OF THE ACT H PrnPARATiQN s Emi LOl ED 
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^ Armour A G T H Standaid is such that a single intra- 

lenous injection of 0 004 mg pioduees consistently a 20 to 30 per cent decrease in ddrenul- 
ascorhic acid content of the hapophj sectomized rat 


EFFECT OF ACTH UPON BLOOD SUGAR AND GLUTATHIONE 
AND UPON URINARY SUGAR, NITROGEN AND URIC ACID 
R S 37 NORMAL SUBJECT ) 
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Fig" 1 — A C T H diiring- the fitst six tla\s from Lot 37-K G Dunng the lost two dajs 

Lot G '>0703 cmplcvtO 


Lot CL59703 was found to lie coiisidcialily less than that ohseited for Lot 
37-K G (although equal poteuej foi the tuo piepaiations uas obsened foi 
othei metabolic i espouses), niateiial fiom each lot ttas adniinistered in con- 
secutiie peiiods to each of the thice suhiects Thus, Subject D E iccened 
mateiial ft out Lot C4-o9703 for six dajs and fiom Lot 37-K G on the seventh 
and eighth, davs of liis ACTH penod Subject R S leceited Lot 37-K C 
foi SIX dats and Lot G-59703 on tbe setenth and eighth dajs Subject E S 
(gout) leeeued Lot 37-K G foi thiee daTs and Lot 6-59703 on tbe fouith and 






'NII-'TVnOLISM OF UniC tCID CLUTVTIIIONr \ND NITROGEN 


fitth (1t\s of a C T J[ idinunstntion In this wnj the fnetoi of indiMclxnl 
\amtion iii i cspoiisn cikss to V C T II was miinnu^ed and am changes in 
blood ghUnthioiiL, iuinn\ line and and iiuinn “coitm" associated i\ith 
the iiKliiction of glicosuin 1)\ the lot possessing the more potent dnbetogeme 
property i\cie conti oiled lii the niatuial which hid Init n mild dnbetogeme 
effect 


REiiULTS 

All of the lesults dealing with blood sugai, cailiolndntc toleiance, blood 
glutathione, uiinnn sugai mliogiii and uric acid are shown giaphically 
on Figs 1 fhtough fi 
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FIs A C T H during" tJie first six days was from Lrot 3” K. G During the last t^vo days 
Lot G 59703 tros emplojed 


^^i/costij la and the Level of the Fasting Blood Sugai — ^Ali thiee subjects 
dex eloped gljcosuiia when gnen 52 mg (Armoni Standaid) pei day of Lot 
37 K G (Figs 1, 3 and 5) In Subject R S (Fig 1), 52 mg per daj of Lot 
G 59703 maintained glycosnm initiated bj Lot 37 K G but in Subject E S 
(Fig 5) the gl^cosiuia disappeared when the switch was made In Subject 
L E (Pig 3 ) no gljcosuria occurred with 2G mg per daj of Lot G 59703 
hut It did appeal when the dose of this material was increased to 52 mg pei 
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day A great increase of glyeosuiia oceuried abruptly when 52 mg pei day 
of Lot 37-K Gr weie given on the seventh and eighth days It is cleai that 
Lot 3 (-K G had the more intense diabetogenic effect 

Mavimal twenty-four hourly glycosuria foi the tliiee subjeets was 117 
grams (D E ), 13 8 grams (E S ), and 28 0 grams (R S ), the latter despite 
the administration of 100 units of protamine zinc insulin per day Glyeosuiia 
was not accompanied by polyutia Retention of sodium, chloiide, and watei^ 
occuiring simultaneously ivith the glyeosuiia tended to dimmish uiinary vol- 
ume moderately 


EFFECT OF ACTH UPON BLOOD SUGAR AND GLUTATHIONE, 

AND UPON URINARY SUGAR. NITROGEN, AND URIC ACID 
( D E d NORMAL SUBJECT ) 


FASTme 
BLOOD SUGAR 
MC./100CC 


FASTING 35 
BLOOD 

GLUTATHIONE 30 
MG /lOOCC 

25 


URINARY 
URIC ACID 750 
WG / DAY 

500 



URINARY 
•5 GLUCOSE 
CM /DAY 
,0 g 


EOSINOPHILES 
200 CELLS/CMM 


DE.PT 0*^ MED 
U OF MICHIGAN 


Fig 3 — ^ C T H during the first six dajs uas from Lot G-59703 During the last tv>o dajs 

Lot 37-K G was employed 


The maximal use of the fasting blood suigar above the average base line 
value amounted to 47 pei cent (D E ), 37 per cent (E S ), and 56 per cent 
(R S ), the latter dining administiation of protamine zinc insulin 

Cat hohydi ate ToJeiance— Subject H S (Fig 2) gai e a topically diabetic 
response after five daj^s of A C T H (Lot 37-K G) It should be noted that 
a total of 330 units of piotamine zinc msulin had been administered during 
the same fire day period and that it had failed to prevent the development of 
the diabetic tolerance curie even though it had finally halted the progiessne 
use of the fasting blood sugar level (Fig 1) Four days after cessation of 
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A C T II the cune indicnted impiovemcnt, tikI b> the tenth post 

A C T II dnj icco\erj of cail)oh 3 dntc toleiance \\ns complete (Tig 2) 
Subject D U , aftci fi\c daxs ot A C T II (Lot G 59703) shoxxed t mild 
if significant, decrease in carbohjdi itc tolennce (Fig 4) On the sexenth 
and eighth daxs of injection Iio rcccucd miteiial fiom Lot 37 K G and the 
glycosuna incicased abiuptlx along xxith a use of the fisting blood sngm 
(I ig 3) Four dajs nftci cossition of A C T IT, eaibohjdntc tolerance xxns 
still impaired but it x\as noinial sexen dixs latci (Fig 4) 



MOuflS ArrcR cuxo e { o tMS o* u ) 

EFFECT OF ACTH UPON CARBOHYDRATE TOLERANCE 

(DE cf 23 NORMAL SUBJECT) 


TJe 4— A C T H Uurinp the Hrst six dn>s from Lot G o0703 During the last tv>o dars 
Lot 3 K G was cmplojed 


Subject E S , chosen foi this stiidj liccausc he had a pie existing defect 
in unc acid inotaholism (gont), reacted to A C T H in much the same n-iy as 
did the normal subjects Pig 0 shows tliat after twentj four hours of A C T H 
(n total of 41 mg of Lot 37 K G) an intense loss of carhohjdrate tolerance 
occurred The initial control cuiie had been obtained two dajs previously 
The next test done after two moie days of injection of the same lot of A C T H 
indicated this subject’s tendenej to escape from the diabetogenic effect of 
the hormone The gljeosuna pioduced by Lot 37 K G disappeaied entirelj 
when Lot G 59703 was used (Pig 5) Noimal tolerance for carbohydrate had 
letmned by the sixth day following cessation of A C T IT injections 

Unc Acid Mciaholism and ihe Level of Blood Glutathione — The close le 
'ntionship between increased urinarj excretion of lino aeid induced by 
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A C T U, niid the dn clopinent and peisisteiice oi gljcosmn is obsen ed again 
in this stiidj (Figs 1, ", and 5) ns it was in the piciioiis one ' Note howeiei, 
that the induetioii o£ ghcosiiin ls iiinted not oiih to inei eased piodnction of 
line acid but also to a conciiiicnt tilt ot the lead of blood glutathione, that 
the lower the glutathione in iclitinn to i ginn leiel of heightened piiiine 
nictahohsni, the nioie intcnsi is tin „l\<osuiia, and that a majoi dilfeieiice 
between the highh diabeto^inn piipaialion (Lot 37 K G) and less dia 
bctogenic one lies iii the eiiiaeits ot tin loiiiiti to produce a shaipei de 
crease in the leiel of blood ,,lutithionc Subject D F (Fig 3) deiiionstiates 
all tbue of tliise piKnoiiicn i ^\ itli 26 mg pet das of Lot G 59703, a use in 
the esciction of uiie acid oieuiied Fins was not associated watli a fall of 
the leiel of blood glutatliione and giMosiiiii did not octui hen the dose 
of the same nmtciiil w is donbliil a sin ill ainoiint of ghcosuiia occuied 
tJiinnn line icid did not ehangi -.igiiifii aiith but blood glutathione was 
niiidh depussed 'When 52 mg pi i dm ot lot 37 K G weie used blood 
ghitathione loll piceipitoush ind giMOsiiiia ineieised sharplj Theie oe 
eiiircd too a mild incieise ol iiiinais line and I poii disoontmuation of 
A C T II a shill p use of blood ,.liit ithimio oetiii icd 

Inlile II gnes an imUs ot tin iilatiM iiotimies of these two piepara 
tions of A 0 T II with lespoct to in offoet unielitod to cnibolndrate metabo 
bsni, iiaiiieh, the incioased csfiitnm of 17 kctostci oids indiieed be the mn 
ternls Subject D F inndiKid tin sime ineiease of 17 ketosteioids on 52 
tt'f per daj of Lot G 5970 1 as In did on >2 mg jiei dm ot Lot 37 K G Yet 
the effect of thi I ittej pupiiiation on inibohMli ite metabolism and upon blood 
Rhitathiono (Fig 3) w is muoh nioit intense than that of the foimcr 

Hie icsiilts of Subject K S (lig 1) lease no doubt that blood gluta 
thione falls si^nificanth in an indiMdiial who lespoiids to A C T H wnth 
marked gheosinia The adimiiistiation of insulin did not pieient the fall of 
blood glutathione cicii though it was finallj able to depiess the lea el of the 
fasting blood sugai and to i educe the gljcosuiia When on the last two days 
of A C T H the change was made fioni Lot 37 K G to Lot G 59703 glycosuria 
ihmniished e\en though no insulin was gnen Blood glutathione lose 
Uriiiaij line acid uiinai-j nitiogcn ciiculatiiig eosinophiles and 17 keto 
^teioids (Table II) lemnined at leiels which indicated continued actmtj 
cf A C T n at least wath lespcct to those indices Thus it appeared that Lot 
35 IC G contained inoie of something which tended to depress blood gluta 
thione than did Lot G 59703 

Subject E S (Fig 5) dcmonsti ated a small but definite fall of the lei el 
“£ blood glutathione AVhile Subjects K & and D E each showed a mavimal 
fall of blood glutathione (below the aierage base line lalue) of 45 per cent 
that for E S w as oiilj 18 pel cent This may Iim e been a factoi in the abilitj 
E S to lecoier tolciaiice foi caibohvdiate despite continued administia 
tion of Lot 37 IC G (Fig 6) It is inteiesting to note again that 52 mg pei 
‘taj of Lot G 59703 weie loughly equiialent to 52 mg pel day of Lot 37 IC 6 
w its abihtj to stimulate incieased e-ccietion of 17 ketosteioids (Table 11) 
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and in its enpacitj to pioniote iiegitnc mtiogcn bnlnncL (Fig 5) Mention 
should be made of the fnet tint A C T II piodiiccd no gieatti miiinrj c\cie 
tion of line ncid in n patient m ith gout thin it did iii noimal indn iduals 

Protein Vclabohsm — As noted pieiioiish' one finds again coniplete lack of 
eorrclntioii hetneen piotein inclabohsni ind the oceiirrence of glieosuiia In 
Subject R S (Fig 1) iiegitne iiitiogeii hiliiiec peisistcd foi si\ dajs follon 
ing ccssition of A C T II, but ghcosuiia disippcaied on the second post 
injection dai Subject D F (I ig o) dci eloped no ncgitivc nitrogen balance 
as the result of A C T II Ncieitluless gheosiuia appeared It became ondent 
first during a phase of nitrogen letention This too has been noted befoie^ 
Subject E S (Fig 5 ) dei eloped negil no iiitiogen balance and ghcosiiria niidei 
the intlucnce of Eot 37 IC G hen he nas switched to Lot G 59703 negatnc 
nitrogen bilaiieo persisted but ghiosiiin disappeiicd piompth 

Vrinarij jOxcrciioii of “Coitui’ and of 17 hetostci otds — In the light of the 
metabolic changes picsented it is ot iiiteicsf to cMinine in detail the results 
obtained from dad\ aiiihscs of tlie mine loi cxcreton stcioids with partictilar 
reference to "cortin” (Table II) V great use in the o\eietion of 17 1 otostcroids 
iris obserted during the A C T H pciiod in all tliicc subjects The maximal 
response obseried for each subject was obi lined and maintained wnth eithei 
preparation of A C T II ndmiiiisteicd at the same dose let el It is significant 
that regardless of which preparation had been maiiitaiiiiiig the elevated excre 
tioii of 17 ketostcroids during the last two dais of A C T IT cessation of injcc 
tions resulted during the next twentv four lioui pciaod in a sharp fall of 17 
ketosteroid excretion to levels aiiproaehing the base line values This means 
that when excessive stimulation bv A C T II of aiidiogcnic eoitieoid production 
ceases, excessive production of such steroids diminishes rapidlj It means, too 
that urinary excietion of the metabolic end piodiiets (li ketostcroids) is rapid 
m relation to the tune of production of then piecursois 

In coiitiast complete excretion of the coitinlikc steroids appcai-s to be 
characterized bv a lag of about foitv eight lioiii-s after their production and 
after their phjsiologic effect has been obseived Subject D E (Table II) is 
seen to have sliowm his greatest rise of iiiuiary ‘cortin” on the second da> of 
injections of Lot 37 K G A verj high level of “cortin” excretion continued 
for two davs after the injections vveic stopped On the basis of these urinarj 
values alone one might assume that time is required before the adrenal cortex 
tesponds to the stimulus, and that the cortex continues to pioduce excessive 
amounts of “eortin” for several davs after the stimulus stops A glance at 
Pig 3, however, is sufficient to destroj this interpretation From a metabohe 
point of view, there is evidence of great increase of activitj of “11 oxvstcroids 
only during the two dajs that Lot 37 K G was injected, and the most intense 
metabolic changes occurred dunng the first dav of mjcction of this material 
(Daj 7) During the first two rccovcgj dajs (when ‘ eoitin” excretion was 
'erj iugh) all evidence of increased phjsiologic activatj of eoi tin like steroids 
had disappeared , 

Similar inteiprctations cannot be made with equal assurance in the other 
two subjects becaase in them Lot 37 K G was given initiaUy and they received 
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Lot G-59703 only dnimg tlie last two clajs of injection (a tune diuing which 
increased excietion of “cortin” ■would have been expected without injections, 
had thev icaeted snnilailj’’ to Subject D E ) Neveitheless, theie is some cm- 
dence foi existance of this same phenomenon In Subject E S (Table II) 
nriiiaiv “coitin” excietion leached its peak value duiiiig the fouith dav oi 
A C T n (thiee dajs of Lot 37-K G and one day of Lot 6-59703) If uiinaiy 
“coitin” weie leflecting endogenous pioduction of that mateiial on the dav 
of its excietion, one would expect the maximal metabolic effect to have been 
obseived on the foiiith dav It is significant, hovvevei (Pig 5), that on the 
fouith dav metabolic indices of “11-oxj steroid” actmtv had fallen shaiplv, 
paiticiilailv with lefcieiice to caiboln drate metabolism It seems most hkelv 
that the high uiinaiy excietion of “coitin” on the foiirtli dav of A C T H 
was due in pait, at least, to excietion of metabolic end piodiicts of coiticosteroids 
which had been pioduced cailier and which had exerted metabolic effects duiiiig 
the initial thiee dav’s of injections The data on Subject R S (Table II and 
Pig 1) aie not easilv’ mteipicted in this legaid because this subject had received 
laige amounts of insulin during the fiist six davs of A C T H and none dining 
the last two davs That tlieic existed excessive ‘‘11-oxv steioid” actmtv 
duiiiig the last two davs of injections is obvious 'Whethei it was as intense as 
cluiing the piecediiig davs is difficult to evaluate All things consideied, the 
pioposition seems justified that the metabolic end pioducts of the 11 and 11-17 
oxvsteioids appeal in the uime much latci in lelation to tlieii time of pioduc- 
tion than do the exeietoiv products of the audiogenic eoiticosteioids 

In eoniiection wuth the vaiiations in total nitiogen metaliolism winch aie 
obseived m difteient individuals exposed to the wiiic adienal coitical stimulus, 
It IS of inteiest to examine the lelative quantities of the two majoi tvpes of 
excietoiv steioids which appeal in the uiine Subjects B S and E S 
developed negative nitiogen Iialance Total inci eases in both 17-ketosteroid 
and “coitin” excretion weie of tlie same oidei of magnitude and piopor- 
tionalitv Subject D E, who demonstiated no loss of body piotein, showed 
much lower total exeietions of 17-ketosteioids Duiiiig the fiist six davs of 
A C T H the pioportionabty of 17-ketostcioids to “coitin” was similar to that 
obseived in the othei tw^o subjects But in the lattei pait of the A C T 11 
peiiod, vvhen “coitin” excietion lose abiuptljq unaccompanied bj a rise of 
17-ketosteioid excietion, no significant change in nitiogen eqiuhbiiiim occuiied 
(Pig 3 and Table II) It seems piobable that ovei-all nitiogen balance de- 
pends upon the lelative amounts of piotein-anabobc and piotein-catabolie 
steroids pioduced in i espouse to an adienal cortical stimulus but that the total 
quantitv of “eoidin” excieted gives no index of the amount of the piotem 
catabolic steioid which contiibuted to the excietion of the total quantity of 
“ 11 -oxv steroids ” 

DISCUSSIOX 

Ouf previous lepoiP and the piesent one indicate that glvcosuin, iii- 
ci cased levels of the fasting blood sugar, and glucose tolciancc ciiivcs chai 
acteristic of the diabetic state can be pioduced in noimal people bv means of 
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the Ttlnnnistrntioii of suitable amounts of pituitaij pieparations, punfiecl so 
as to contain in iiiih the adioiuKoititotiopic lioimonc It seems likeir tint in 
response to A C 1 II the claboi ilmn ol t\C(ssi\e nmounts of ceitnin of the 
adrennl coitnosti loids (ol tin 11 iui<| 11 17 o\^ f.emted tapes) iihys an 
important jnit in the initiatnm til tlio (habefic state It is unlikely that the 
small amounts of 1 nnvn fonlnnniants piescnt in these piepiiations are 
cipalile pci so of piodiicin^ dnbttts inellitus Not luled out aie the possi 
hihties (1) tlint one of those known nmt iiuinants potentiates the diabetogeiiie 
actiMti of tin eoitical steionls whuh ait piothued (2) that an unknown 
factoi IS jutsdit in tlit imiifitd V ( I II which incicascs the dialietogenic 
potoiitialita of (\((ssi\t jnoduttion of the so t died S" tape of coitico 
steroids oi (1) that gJaeosum is dtpuidcnt upon evecssne jirodnction of a 
specific 11 Ol II 17o\asteioid in I fh it picpai ations of A C T II a ai^ in then 
capacities to inoaokc iiuicased piodiutioii of that ])aitieulai steioid One of 
these possihilitus is suggest(d ha tiu (\peiinients shoaan in Figs 1 3, and 5 
in a\hich kot 37 K G a\as found to e\eit a imith gi eater diabetogenic effect 
than Lot 0 70703 a\hcn both piepaiations aaoie alternated in the same thiee 
subjects It steins significant too that in othci lespccts the two pieparations 
produced similar effects In this connection it is eaident that kot 37 K G clc 
pressed the lead of blood glutathione much moic than did Lot G 59703 The 
possihilita then that anotlici faetoi is iccjuiitd in addition to incieased 
hormone'' aetiaita in oidei tint a maiked dnlxtogenic effect be pioduced 
ui the intact oiganism cannot act be discaided lhat there maa e\ist more 
than one pituitaia adienocoitieotiopic hoi mono must also be considered 

^rom the mdabobc point of aicw the dose nssoentwn of impaired carho 
hadratc tolerance, increased uiic acid exeiction and depressed leaels of blood 
phitathionc is intiigmiig The induction of allo\an diabetes in animals is 
associated a\ith an abrupt fall of the blood glutathione to 50 per cent or moie 
heloav the base line yaluc ® Animals that losist the diabetogenic effect of 
'illoxan show a much smallei if any dcpicssion of blood glutathione ® 
Citable administi atioii of laige amounts of glutathione oi of othei siilfhjdral 
healing compounds piotects against the diabetogenic effect of alloxan^ 
^^Tictliei or not alloMn oi othei i dated coiiiponnds -nhich sdcctneli injnie 
heta cells me iioiiml mtcinicdniies of pm me metaholism thej aie chemieallj 
feinted to nnc acid rompounds of this fninih uhich aio diabetogenic esert 
this cfTect onh in the piesence of a siihnoi iiinl lei el of blood ledueed glnta 
thione It has been repoited recenth bj Giiffith® that hrpeigljcemia can 
be pioduced in rabbits In inti npentoiicnl administration of nnc acid prond 
>'>e that the leiel of blood glutathione is fiist loiieied hj means of a diet 
deficient m cistino and ni methionine lliese findings appeal to he lelated to 
nuis 

That an inci eased eseietion of line acid occuis in noimal human beings 
fhicn A C T n or adrenal corticostcioids of the 11 oi 11 17 owgenated tcTies 
IS lion nell known “ IVhehci the fall of blood gliitathioiio ivhieh ive base oh 
seived with A C T H is the result of an mci eased endogenous production of 
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alloxan oi alloxan-hke mtexmediaiies associated with heightened puiine 
metabolism (and thus an indiieet effect of “ll-o\ysteroid" activity), oi 
Avhetliei this fall is iiiodueed bj'' an extianeous factoi cannot be said at this 
time In any case the data indicate (Fig 3) that in the piesence of inci eased 
uiinaiy excietion of uiie acid a shaip fall of the level of blood glutathione 
IS associated vnth an inciease of glycosuiia Siniilailj’', even in the piesence of 
inci eased pin me metabolism a use of blood glutathione is associated luth a 
deciease of gljmosuiia (Fig 1) 

It IS conceivable that in the iiresenee of both lovv^eied iiiti acellulai coiiceii- 
tiations of 1 educed glutathione and heightened inti acellulai concentTations 
of puiiiie metaboljdes, enzjmiatie piodiiction of msubn by the beta cell is im- 
paiied This does not imply neciosis of beta cells, such as occiiis following 
a laige dose of alloxan dining which the exposine of these cells is intense 
but tiansitoiy In fact, the effective period after administiation of alloxan 
IS so tiansitoiy that exposure mnsf be intense in older that any effect be 
demonstrable Ilowever, when the cell is given a much smaller degree of the 
same qualitative exposine over a relatively prolonged period of time, it is logical 
to believ e that the initially demonstrable abnoimality will be functional rathei 
than anatomical It is probable, too, that the very function for which this cell 
exists (production of insulin) is the most important factor which makes it so 
selectivelj^ susceptible to the conditions mentioned 'While this concept, with 
lespect to pioduetion of a tempoiaiy diabetic state in noimal human beings 
by means of the mateiials utilized in these expeiiraents, is not fiimly estab- 
lished It IS believed that it constitutes a beginning which warrants furthei 
intensive investigation 

That there is involved, too, an extrapanci eatic diabetogenic effect seems 
likely In the expeiiment in which insulin was admmisteied (Fig 1) the 
subject showed a gieatei lesistance to insulin than is msually obseived 
in a diabetic patient who exhibits a similai degiee of i eduction of carbohy- 
diate toleiance It could be aigned that ACT H-induced diabetes is one 
which IS based entvely upon a deci eased affectiveness of endogenous insulin in 
the tissues and that the beta cells may be producing actually moie than the 
noimal quantity of insulin in lesponse to “tissue requirements”, that under 
these ciicumstances, fatigue of the beta cells vnll soon supeivene, as evidenced 
by letiogiessive cytologic changes and decieased secretoiy actnnty It will 
be agieed, howevei, that if A C T H ueie still being admmisteied at this 
time, lesistance to exogenous insulin still would be evident It is deal, then, 
that resistance to exogenous insulin giv^es no infoimation lelative to the total 
pi oduetion of insulin by the panei eas As judged bj^ the amount of function- 
ing panel eatic tissue which is needed m man, following paitial pancieatec- 
tomy, to pi event the appearance of diabetes, ACT H-indueed diabetes is com- 
patible with a verv significant deciease of the capacity of the beta cells to 
make insulin It is to bo lecalled, too, that paitiallv' depancreatized animals, 
even though not diabetic, aic much moie susceptible to the diabetogenic effect 
p (anteiioi pituitaij’’ extiact) than aie animals with pancieas intact 
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The assumption that a ckci cased functional capacity of the beta cells 
occurs during A C T II adnunistiation (as a icsult of the metabolic nbeiration 
described) is casih reconcilable Milh the classical e\peiimcntal results of Best/® 
IToiissai,'' and Lul ens' and tlicii uspcttue issociatcs Best and couorkers^® 
shoiied the CMstencc of a dcci cased coniait of pancicattc insulin of dogs b^ the 
third dm of A P E administiation On the basis of associated letiogicssive 
changes in the beta cells it uas concluded Mith justification, that the phe 
nomcnoii uas the result of cxtiapancieatic, Inpcigljccmic oaeistimulation of the 
beta cells That this mechanism is an osseiitial pait of the evolution of beta 
cell degeneration goes without saving Iloiissaj and covvoilcis” observed a 
decreased vi^ndin producing capanti/ of the pancieascs of A P E tieated dogs 
after three daih injections of the niatciml but vvcic unable to duplicate these 
findings in dogs given no APE but ^iven glucose in sufficient amount to mam 
tain a hvperghccmia of the same theue and foi as long as that observed in the 
APE treated animals It was shown too that ns the functional lescrve of the 
pancreas is diminished (bv incicnsing degrees of partial pancicatcctomv ), in 
creased sensitnitv to the diabetogenic effect of A P E occiu*s Dohan and 
Luhens^ have demonstiatcd that hjpciglvccnua per sc if sufTtcicniJij intense 
ond if sufficiently prolonged is capable ol inducing degenerative changes in 
the beta cells The e\ticmc usistaiict of noimal lieta cells to degeneration 
bv means of hvperghccmia alone is notcwoithv in then cxpciiments This is 
far diffcient fiom the cxpeiicnce of nil who have vvoil ed with APE In the 
latter case, both functional and ictrogicssivc cjtologic changes of the beta 
cells are demonstrable in thioc to four dajs duiing which time the hvpei 
ffljcemia is much less intense than that winch was found necessary in the 
glucose experiments of Dohan and Lukens Wc suggest that the diffeienee 
niav be explainable on the liasis of the mci eased viilneiahihtj to hjper 
glvcemia of beta cells which have been damaged functionally hj the metabolic 
Upheaval of puiine and glutathione metahoiism induced hv A C T H 

'Whntevci may he the mechanism oi combination of mechanisms which 
initiates impaucd caibohydinte tolerance and hyTieiglvcemia when punfied 
A C T H IS administered, it is reasonably certain that in highly lesponsive 
induidinls such ns Subject B S continued administiation of the mateiial 
'vould eventually result in pcimaneiit diabetes Ohvnously, such an expeii 
meat is not justifiable That thcic is gicat individual vaiiation in the suscepti 
bihty of caihohydrate metabolism to injury by the measuie used is cleai 
The vaiiation may reside in diffieienccs in the capacities of noimal individuals 
to maintain a reasonably noimal level of leduced glutathione and of othei 
^uUhydryl healing compounds under the conditions imposed This factor 
appears to he a detei mining one with respect to the diabetogenic potency of 
administered alloxan m animals One could speculate that this factoi may be 
iiAolved in the well known familial susceptibility to diabetes mellitus 

A final comment is lequired concerning the changes in protein metabolism 
which were observed m the subjects of this investigation Upon administra 
bon of A C T H the exhibition by a given subject of negative nitrogen 
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balance, nitiogen eqinlibnnm, oi positive mtiogen balance is dependent veiy 
likely upon the lelatne piopoitions of audiogenic (piotein anabolic) and of 
eeitain of the 11 and 11-17 OMgenated eoitieosteioids (piotem catabolic oi 
antianabolic) that aie leleased in iesi>oiise to the stnnulns But glycosuiia 
occuried in all of oni subiects legaidless of the status of mtiogen inetabohsin 
"l^Biile ghcosuiia and loss of caibohjcliate toleiance aie more intense iii those 
nho demonstiate negative mtiogen balance, the lattei is not a necessan accom- 
paniinent It is believed that the emphasis, lathei than being upon excessive 
gh eoiieogenesis fioin piotein, should be upon the fact that A C T H causes ,iii 
over-all i eduction of the capacity of the bodi to utilize noiinalh those elemenls 
nhich enter into the “eaiboln diate pool,” legaidless of then souiee Loss of 
body piotein and deei eased eaiboliydiate toleiance aie metabolic effects piol) 
abh piodueed via the same types of eoitieosteioids In diffeient individuals, 
ho'iveAei, these effects may lan independenth of each othei indicating (1) 
that each is not dependent foi its existence upon the othei and (2) that such 
vaiiatioiis may be manifestations of individual diffeiences in end oignii 
responses to similai stimuli, oi manifestations of iiidmdual diffeiences in the 
production of specific steioids belonging to the 11 and 11-17-oxysteioid family 

SUJIMARY 

A state of metabolism similai in all respects to clinical diabetes mellitus 
has been piodueed in normal human beings by the administration of a puiified 
piepaiation of adienocoitieotiopic hoimone It seems eviclent fiom the lesuHs 
that peiiiianent diabetes mellitus m man could be piodueed inth this matciial 
weie caution not exeicised uitli lespeet to duiatioii of administiation and dosage 
emplojed The diabetes evidenced during such tieatment was found to be rela- 
tively lesistant to exogenous insulin This fact does not indicate neeessaiih 
that resistance to endogenous insulin is the mechanism In which loss of carbohv- 
diate toleiance is affected by A C T 11 

Anahsis of the metabolic data discloses a consistent coiielation betneen 
loss of tolerance for caiboln diatc, inci cased endogenous puiine metabolism, 
and depressed Iciels of blood glutathione It is suggested that A C T II mai 
affect changes in the composition of intiacelhdai fiuid uhieh include (1) in- 
eieased concentrations of intcimcdianes of pniine metabolism and (2) de 
creased roncentiatioiis of sulflndnl healing compounds It is suggested, 
fuithei that since the beta cells of the islets of Langeihaiis aie knomi to he 
moie sensitire to in pin hi the afoiementioned intiacellulai alterations (piob 
abh br Mitue ot then insulin-pioducing function) than aie am othei cells of 
the bodi, a functional impanmcnt of tlicsc cells occurs vhieli increases their 
I'ulneialiihti to hvpeighccmia 

Isegatiie nitrogen balance is not a nccessaii accompaniment of ghcosuiia 
piodueed In A C T IT Although greater loss of cailioln diate toleiance is oh 
seiied 111 subiects nho lose hodr piotein, the tuo metabolic phenomena aie not 
mutuaJh dependent Specific steroids of the 11 oi 11-17 oxrgenated trpes mar 
be responsible for each phenomenon 
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INTENTIONAL ISOBQIUNIZATIONS AGAINST THE ANTIGEN D (Elio) 

Egbert E Waller, jM Sc 
Eichmond, Va 

With the Technic^u. Assistance of jMaeion AVjVller, B A 

N ATUEALLY occuiiing anti-Eh antibodies either do not exist oi aie exceed- 
ingly lare Those produced by isoimmunization in piegnancy aie fre- 
quently of Ion titei and many times contain a mixture of antibodies, all factois 
making them an unieliable and sometimes undesiiable source of this highly 
sought aftei laboratory reagent 

With the lepoit by Hib, Haberman and Oiozco^ on prepaiation of anti-Eh 
seia by injection of Eh-positive cells into previously immunized Eh-negative 
Momen, a method became available to increase the supply of this valuable 
reagent * Pieviously it had been shoivn that experimental sera produced in 
vaiious animals not onlj-- have the disadvantage of small quantity and low titei 
but exhibit a certain lack of speeifieitj, particularly when tested against cord 
cells or cells fiom newborn infants 

The next important contzibution towaid pioduetion of specific and potent 
sei'a was made by Wienei and Goidon- who earned out intentional immuniza- 
tions of noimal Eh-negative men by injection of Hh-positive cells of a known 
specificity Then injection schedule called for tivo intravenous injections of 4 c c 
each of a 50 per cent led cell suspension at four-month intervals, followed by 
bleeding of the donora appioximately ten days after the last injection By this 
method they sensitized five of nine indmduals but obtained only two seia suffi- 
ciently potent foi laboiatory purposes In an addendum they lepoit a yield of 
five useful seia fiom six injected indmduals immunized over a peiiod of one yeai 
wuth injections at six-week inteivals 

While the studies deseiibed below weie in progress, Van Loghem^ repoited 
the pioduetion of anti-C (ih') and anti-E (ih") sera bj means of aitificial 
immunization of volunteer donors 

The puiposes of our investigation were to deteimnie the types of anti-bodies 
produced as well as the order of then appearance, the incidence of indmduals 
who could be immunized by the method used, and the minimum quantitj of led 
blood cells requiied to produce immunization An additional impoitant con- 
sideration was oui endeavmr to obtain a supplv of potent anti-Eh serum 


METHOD 


Ten vliite Bh negative volunteers wlio Ind never received transfusions or intramuscular 
injections of blood as far as could be ascertained were selected for tins experiment Each of 
them received an initial intravenous injection of a 50 per cent cell suspension of the tjpe 


From the Department of Clinical Patholoej Medical CoIleBC of Virginia 
Aided hj a grant from Hie Virginia Academ} of Sciences 


Received for publication Oct 24 1948 

*U the Intemation-il Hcmntoloffical nnd Rh Conference (Dallas Texa'^ 1946) D Diamond 
renorted unpublished experiments with intentional Immunizations dating back to 1912 
194C he had treated over gKtv-flve subjects 111111 75 per cent success 
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0 Dec (Rh ) * On the hnsis of n -47 per cent hematocrit tins was calculated to contain 
opproxuuntel^ 117 cc of packed cella All subsequent injections ivcre administered at 

T) p 

SIX week intcrials nnd (jroup 0 t\po homozvgous) cells xvere used for these and 

all other injections Each doso compri'»cd a packed cell volume of 1 cubic centimeter 
Before the initial injection and at the tune of each subsequent injection, sera were obtained 
from all ton individuals and tested for the prcsenco ot antibodies bj means of the saline 
Bgglutinalioa technique, the 20 per cint bovine albumin, and the Coombs nntihuman pro 
cipitm technique,'* using the injected cells nnd a coll of the tvpe DCE as antigens As 
soon as anj sensitization could be detected the injection schedule for the particular in 
dniilual was changed to ten dav intervals in order to speed up the process of nntibodv 
fonnatioji All sera containing nntibodies nire fe«ited for their specificitj with appropriate 
colls- 

RESULTS 

Tile first antibodj response oeciiired siimiltnncouslj in three indiiiduals 
nftei the third mjeetion The cell loliimc lujcetcd up to timt time comprised a 
total o£ 3 17 e e each After the foiiitli injection, foin subjects responded with 
antibodj fonnation, and attei the fifth nnd sixth injections seicn nnd nine 


TaWE t 


EnssssssB^^n 

\UMnFItOF 

iNjcrrrovs 

1 APPrOilMATE CELL 

I roi PVir INJECTED (C C 

0 

1 

1 17 

0 

2 

217 

3 

3 

3 17 

4 

4 

4 17 

7 


517 

0 

G 

6 17 


sensitizations rcspoctnelj could be delected The maximum total volume of 
colls injected info anv one voluntcci iias 6 17 cnbio ccntimcteis These results 
sre summarized in Tabic I 

As shoHTi in Table II, the three individuals uho pioduced antibodies aftei 
only three injections responded with foimntioii of saline agglutinins to a titer 
of about 1 10 The reactions obtained in 20 per cent bovine albumin weic found 


Table II 


SUBJECT i 

TITEP 

SALINE 

AGO^UTI^ATIOV 

j 20 PER CENT I 

1 BOV^NF AIBUMIN 1 

COOMBS 

BEAOENT 


Ma 

10 

10 

ICO 


Bu 

10 

10 

ICO 


ire 

<10 

<10 

<10 




to bo within approximately the simc lange, whereas the Coombs reagent in two 
out of the three sera demonstiatcd antibodj titers wh ch far exceeded those 
obtained bj either the saline or albumin techniques 

All four subjects who required onij thiee oi foui stimulations produced 
initial ly saline agglutinins which in the course of further injections showed a 


BAA suspension was prepnred bj n Ithdraw ins 30 ml of \enous blood from the donor 

Sd.m'ving It with an canal amount ot 3 6 per cent sodium citrate In a sterno bottle The 
‘eaeaiAg. suspension nas thoroughly mixed by shaklnE: and 5 ml were used tor each Injection 
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clefinitne use and fall in titei, even to a lei el of complete disappeaiance At 
the same time the leaetious elicited lu 20 pei cent bovine aihumiii media in- 
ci eased in titei eonsisteiitlr The titei of antibodies detected hi means of the 
Coombs technique exceeded the titeis in hoc me albumin in two of the foui 
cases wheieas identical lesults weie obseiced m the othei tvo The abo^e- 
mentioned titiation dilfeienee amounted to between tiuee and fom double dilu- 
tions Ti pical samples of these findings aie shovn in Tabic III 


Table IH 


MjMBEP 

OF 

INJECTIONS I 

1 iiTFr 

1 SUBJECT WA i 

1 SUBJECT 'ME 

SAMLE 

1 AGGLU 
TIMVS 

120 PFR CENT 
BOVINE 
' ALBtJMIA- 

COOMBS 

FF\GFN"T 

1 SALINE 

1 AOGLL 

' TIVIA S 

1 20 FES CFAT 1 

BOMAE j 

AI BUMIA 1 

COOMBS 

I REAGENT 

1 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

3 

s 

8 

12S 

<s 

<8 

<8 

4 

s 

128 

312 

32 

:>o 

32 

S 

256 

256 

1024 

256 

25b 

256 

6 

16 

256 

2048 

0 

512 

512 


The lemaimng fise cases which lequiied five oi moie injections foi piocluc- 
tion of antibodies failed to show sahne agglutinins The titration values in 
bovine albumin and those obtained mtli the Coombs leagent langed fiom 1 2 
to 1 64, but in no ease did the Coombs technique detect antibodies of significantlv 
gieatei stieugtli than those deinonstiated in albumin media One subject (C B ) 
who lesponded aftei the fifth injection was found to haie lost all detectable 
antibodies aftei a subsequent injection Because the original titei was low these 
lesnlts weie seiioiisly questioned, but on ie-e\amination of the old specimen 


Tibif IV 


■■ 

! TITFP 


1 SUBJECT F i 

3 

1 SUBJECT K 

1 SUBJFCl C 

B 

NUMBFI 


20 PFB 



20 PER 



20 PBF 


OF 

S\LINE 1 

CENT 

[ COOMBS j 

SALINE 

CFNT 

\ roojics 

SMILE ; 

CENT 

1 COOMBS 

INJFC 

ACCLU < 

BOMNE 


VCGLi; j 

BO\I\F 


VCGIU 1 

BOMNE 


noNS 

rixnxs 1 

1 ALBUMIN 1 

.PFAGFNT 1 

TININS 1 

AIBUMIN 

'filAGFNT 

TIMAS 1 

\LBUMIN 

1 lAGFNT 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

n 

0 
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0 

0 

s 

IG 

0 

4 

4 

0 

1 

2 

0 

0 

32 

64 

0 

S 

S 

0 

0 

0 


pieseiied at icebox tempeiatuie the antibodies found pieiionsh could still be 
detected One of the ten cases failed altogether to show anj antibodi icsponse 
aftei six admmistiations of six-weeldv injections amounting to appioximatch 
6 cc of packed cells Ti pical examples of the late immune i espouse aie shown 
in Table IV 

Tlnec of the doiiois haMnc seia with maximum titcis of 2048 512, and 64 
lespectnelv weie letested eight weeks aflei their last inicetion Xone showed 

*The itvon nidde Lr\ine and ‘WiS’od in of ibofnimunlzation in 

picgnanc\ (Por'sonal comnninicntion ) 
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(iimimitioii m titei oi qii ilit iti\< m antibodies Tlie STinc sen weie 

igaiii rctitnted nfici si\ nioiitlis ol stonjtp at +7° C and tlic results Mcie 
identicTl 01 Mitlim one doulik diliitiou wliitli is coiisideied to be Mithni the 
limtls o£ tlio c\pci imtiital eiioi 

7\itli rcfcicncc to tlie siitcifmts ot the intibodics piodttced in the nine 
lolunteei's, eight neio found to eomspond cotiipletch to anti D (Rho) One 
imliiKltial CMt ), honnii, u is Imind to hi\t piodueed anti C (ih') md 
intiD (Rb„) antibodies of equal titoi md qiialiti Btouise of tins une\peetcd 
i-csalt the scniin Mas siibniittid to Di Philip 1 eiinc mIio mbs able to eonfiim 
otir obscnation Conseqiicnth bei nisi it m is siispci ti d that the cells used foi 
our imiiiiiniz ition Mcie attmlK 1)1 i iKInl and not Dec (Rh„) oi DcE (Rh ), 
the) Mere subjected to i Inttcn ot anti ( sei i in oni Inboiatoii as Mcll as in 
Dr IjCmiio s All tests failed to disi Iom tin piesciiee ot a C antigen Because 
of the expeticnce of A in I oglieiii mIio b\ inieition of cells piesumibh of tape 
(ICc (rh 1, but actiiilh I) Ce olitiimd in anti B + t (Rli'„) seium the cells 
used la oui CNiiciinuiits mcic siibioittid to Di R R Race in London foi detec 
tion of an intciincdnto (J niiti^m Di Race lepoitcd the absence of C, C“, C”' 
or c", thus leading us to bcliccc tb it ilie \oliinlcci imtst ntccssaiily hate lecened 
other Rhposituo blood at i pitMoiis ouasion Fiiitbor search into his listen 
hi close questioning and eoiifeieine miIIi Ins motlici failed to meal ant pievious 
incidence of mtraienotis oi inttaiinisi ulai injection of blood It is of inteiest 
to note that this same nidiMdiiil mis the onh one Mho lepoited a reaction* 
after eierj injection including the fiist one and Mas the onh one Mho during 
the series of injections dc\ elo[ied iiitei lions hep ititis 

DISCUSSION \ND SllMJI IRN 

With the method picsentcd, it Mas possible to iiumuinze nine of ten human 
subjects using SIN intiaicnous injections to a total of about 6 ml of colls Piee 
of the iiidnidual seia piodueed mcic sufficiently potent to he used as laboiatoii 

fcageuts 

The mimuiic icsponsc betMceu those mIio leejiiiicd oiila thiee oi foui injec 
tions and those icquning moic seemed to diffici sigiiificantlj The absence of 
saline agglutinins in the late unmimizntioiis is lathei stiiking As ohseired in 
some sera tlieio Mas a mail cd diffcicnce hctMceii leactions obtained in albumin 
"'cdia and those obtained with the Coombs leagcnt Although it is mcU kiioMii 
that this loagent is moie sensitne than am othei method used for the detection 
of sensitization it is difficult to nndci-staiid win this diffeicnce m titer should 
“PPeai onh in some soia and not m all One possible eNplanation may be the 
presence of a thud oidei antibodj ns prcMOUslj postulated hj Hill and Haber 
t"aa ' It is of intciost to note tlint this disci epaiiej in titer Mas observed only 
'a those lohmteeis who mcic immunized Mitli lelatiie case 

As legnids the stibilitj of the antibodies piodueed they Mere found to be 
least as stable as oi moie stable than those oceuinng in eases of isoimmuniza 
tion In pregnancy 

rain In ejcUills nnil lumbnr rcslon slisht elm alien ot temperature and chills 
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Tho disappeaiaiiee of antibodies aftei a subsequent iii3ection of the antigen, 
as occur! ed in one ease, is compatible with the phenomenon of negative phase 
of immunization -whieh was leeently obseived to occur even during natuial 
immunizations against Rh ® 

The presence of anti-C in addition to anti-D m the serum Jfa cannot be 
explained satisfactoiilj Although nonspecific antibody pioduction is knoun to 
occui, as foi instance desciibed for the M and N sv&tem bj^ Landsteinei and 
Levine,’' this is usually obseived in low titeis The fact that the nonspecifie 
antibody observed in our case uas of high titei and equal to the specific one 
makes this explanation less likely In attempting to explain the phenomenon 
obseived, the following possibilities should be kept in mind First, the histoiy 
maj' have been mcoiiect and oui volunteei possibly received an injection of 
foreign blood as a child This appears most likely because of the reaction le 
ported by him even aftei the fiist injection Second, it is remotely possible that 
tho cells used foi injection contained a hitherto undetected variation of the 
antigen C, capable of pioducing anti-C antibodies Thud, one should consider 
that other antigenic stimuli, even the attack of homologous serum hepatitis, may 
have been responsible for the nonspecific antibodies observed 

In comparing the mmimum amounts of cells necessary to produce im- 
munization against C (ilT) and E (ih") in the senes of Van Loghem® and 
those found necessary in oui experiments, the following results can be obtained 
(Table V) 

Table Y 


ANTIGEN injected 

1 » 

1 c 1 

E 

Minimum amount of cells necessarj 
to immunize (c c ) 

3 17 

65 

13 0 


From these findings it appears that with the decrease in antigenicity of the 
cells the quantity of antigen must be doubled Whether these results are sig- 
nificant 01 accidental can be established only by a larger series 
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LABORATORY METHODS 


DfiTERJIINATION OF PHENOL IN BIOLOGIC MATERIAL 

G Gomori M D Pii D 
Ciiicvno III 

T here me a munbei of coloi reactions for phenol nnilahle some ot ivhich 
lend themsches leadih foi the detei mmation of phenolic siihstances in 
hiologic iiiateinl Icsts foi phenol «eic leiicMed hv Gihhs* in 1926 and 
their applications to hiology ha Deitliinaiin and Sehafei in 1942 

Eoi hiologie uses the most comnioni} eiiiplojed methods are the molyh 
denuiii hlue method of I olin and CiocalteiP and the azo dje method intro 
duced hj Theis and Benedict* The lattei method is distinctl} piefeiahle he 
cause of its fai gicatei sensitiMtj and spceificita Its main disadi aiitage is 
the lahilitj of the diazo reagent ailiich niiist he inepaied ficsh daih To oh 
Mate tins disadaantage it uas attempted to utilize one of the comnieioially 
aaailahle stahilized diazo salts Mliieli undei siiitahle conditions hate good 
keeping piopeities Fifteen such eompouiids ueie tested and, although sea 
eral of them pioacd to he usable diarotizcd 5 intro 2 aminoanisole* aaas se 
lected as the leagent of choice hecause of the intense oiaiige led shade it giaes 
on coupling avith phenol This shade is quite stable in the piesenee of 4 to 6 
per cent alcohol avlieieas in a piiielj aqueous medium it graduallj fades 
Alcohol in conceiitiations in e\tess of 7 pci cent inhibits full deaelopment of 
coloi With phenolic substaiiees otliei than phenol itself the optimal con 
centiation of alcohol maj he highei oi loaici also the shade and intensity of 
the coloi of the azo dj e inaj he different Cei tain substances such as salicj lie 
acid and p substituted phenols giae pale shades Table I shows the molar 
efficiencj (i e , the latio of 

molar c oncentration of phenol 

molai concentration of substance in question ’ 

gi'ing the same coloi imetiic leadings) of the method in the ease of aarious 
phenolic substances In addition a numhei of nonpheiiolic compounds con 
sidered likelj to gn e color aie also listed 

From the Department of Medicine The ■bnl\ersltj of Chicago 
_ This work has been done under grants from the Douglas Smith Foundation for Medical 
Research of The Unlversltj of Chicago and from the Pathology Study Section of the United 
States Public Health Service 

Recehed for publication Sept 7 30-18 
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Table I Sexsitivitt of Azo Dye Method to Vapious SuBSTA^CES 


SUBSTA^ CE 

jMOLAK EFFICIENCY | 

BEilARKS 

* 

Phenolic compounds 




Phenol 

1 



Salicvlic acid 

0 055 



Tywosine 

0 09 



Thymol 

1 17 

17% alcohol, purple 


0 Cl phenol 

113 



Guaiacol 

1 32 



0 Cresol 

1 34 



p Cresol 

018 



Eesoreinol 

0 77 



Alpha naphtliol 

151 

40% alcohol, blue 


Nonphenolic compounds 




Acetone 

0 00013 



Arginine 

0 005 



Histidine 

0 015 



Tryptophane 

Less than 0 001 




As shown, the molai efficiency for substances of nonphenolic natuie is so 
low as to lule them out as sonic es of eiior 

METHOD 

'Reagents — 1 Siturated solution, of borax m 15 per cent alcohol To 1,000 ml of 15 
per cent alcohol add about 35 Gm of porrdered borax (Na B,0, lOH O) and shake repeatedly 
Some of the borax wall rem im undissolred This reagent is stable 

2 Diazo reagent Dissolve 0 25 Gm of Bed B Salt (or any of the other brands men 
tioned) in 100 ml of ice cold uater and filter Add 1 ml of 5 per cent H SO< This solu 
tion noil keep in the ice box for over two weeks 

SiandardtsaUon of Curve — Prepare a stock solution ot phenol (reagent grade, purity 
±99 per cent) containing 1 mg of phenol in 10 milliliters Make a senes of dilutions by 
pipetting 0 5, 1, 2, 3, and 5 ml of tlie stock solution into 100 ml volumetric flasks and filling 
them up to the mark with iiater Measure 5 ml samples of each (covermg the range of 2 5 
to 25 fig of phenol per sample) into colorimetric test tubes, use the same amount of water 
ns a blank Add to each tube 1 ml of water and 4 ml of borax solution Invert tubes 
twice Add 0 5 ml of diazo reagent Invert tubes twice Bead betwen three and sixty min 
utes after mixing, using a 490 m/i (blue green) filter Plot data on semiloganthmic graph 
paper A straight line should be obtained 

Determination of Phenol in Vnl noion — Unknown (urine, serum, and so forth), 1 ml , 
water, 5 ml , borix solution, 4 ml , diazo reagent, 0 5 milliliter Bead against blank as be 
fore In case the specimen is not colorless, two blanks must bo used A, specimen replaced 
b\ water, B, diazo reagent replaced bv water Both unknowTi and the blanks are read against 
pure water, and the sum of values for A and B is deducted from the value for the unknown 
If, owang to large amounts of phenol present, the shade is too dark for reading, both un 
known and blink are diluted to a convenient larger volume (eg, 25 or 50 ml) with 4 per 
cent alcohol, and the v ilucs are multiplied bv a correspondmg factor The amount of diazo 
reagent given is sufficient up to 120 f<g of phenol For special purposes, the technique mav 
be modified For mstance, in the case of a Folin Wu filtrate, take a 5 ml sample, add 1 ml 
of 0 3K hTaOH (to neutralize the acid), 4 ml of borax, and 0 5 ml of diazo reagent 

RESULTS 

The piesent method was used for the deteimination of phenol m serum 
(ten cases), m rolin-AYu filtiates of senun (fiv e cases), in histanune-stiinnlated 
gastiic juice (191 cases), and in mine (foity-nine cases) The leadings on 
seium weic iiivaiiablj highci (range, 17 to 32 pg/inl ) than in the eoiiespond- 
mg Fohn-AYu filtiates (range, 7 to 10 4 pg/ml ) because phenoJie gioups in 
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proteins also react The nii„c in gaatue jiiice was 1 4 to 56 pg/ml , in urine, 
09 to 44 pg/millilitei All iiiiius eontiimng more than 25 /ig of phenol weie 
positnc with Ehi hell’s dnro leaetioii 

OTIIEIt mUClTlONS or the phenol liEVCItON 

The reaction desciibed can he used foi the detcnnination of phosphatase 
actnitj, both in the nc-iti and nil aline laiige with the adiaiitage that the step 
of dcpiotcim/ation becomes unnetessniv The introduction of a new sub 
stratc (phciijl benzoate) pci nuts the detcimination of lipase (esteiase) ac 
tnat V in a highlj nccui ntc, simple and ineNpcnsii c w nj 

Tabiz it Effict 01 Bofvtl o i IIiDroLifiis or Piiosenonc Fstehs 

(Enzimo Solution of purified oMriet of top intestine 1 500 dilution, 1 ml Substrates 
0 OOdtt in 0 OdNI buffer of pit a _ Nip 0 OOoM Vctintp expressed in 
eg of r liberitid iii 1 hoar Temp ,37 C) 


fiUPSTn\TE 

1 ll\r»IT\L CUPFEr ( 

BORVTF BUFFER 

GJjccropho«:phatc. 

J02 

57 

Phcnvlpho<;phatc 

93 

90 


Phosphatases — The substrate is King and Aimstiong’s” diNa phenol 
phosphate The hulTei in the acid inngc is acetate while in the alkaline range 
it IS borate The lattoi is a cheap and efficient buffer at the optimum range of 
aihahne phosphatase in case of phcnilphosphatc as a substrate (around pH 
S8)' In piehminan c\pcimients it was shown that boiate docs not inhibit 
the hjdroljsis of pliciijlphosphate while it strongh inhibits that of glyceio 
phosphate (Table II) 

reagenh — 1 Substntc <li Nn plirnyiplio^tphatc Approximately' 0 05il TJso a ffood 
/Trado chomicalj Ion m plionol or, if euch is not nrailnWe extnet about 1 1 Om of di Na 
phcnylphosphato \vitli about 100 ml of hot alcohol, dry and dissolve it in 100 ml of distilled 
TTafer 

2 Acetate buffer, 0 05^^, pIT *5 Dis-solro 4 75 Om of Na acetate and 0 9 ml of acetic 
Jicid la I 000 ml of uater 

3 Borate buffer, 0 lAT, pH 9 *’ to 9 8 Dj«sohe 95 Om of borav and 30 to 35 ml of 
*per cent NaOU m 1,000 ml at water 

4 Tiveutp per cent solution of ningnesium chloride 

Detenninntion of phosphutuso uctmty A, Alhalinc phosphatise Buffered substrate 
(borate buffer, 90 ml substmte 10 ml Mg solution, I ml mistnrc wall keep in the re- 
frigcrntor for sercral months), 5 ml , serum dilution 1 25 1 milliliter Blank buffered sub 
rlrsta without serum Incubate tubes nt 37 C for one hour Place tubes in ice cold water 
Add to blank I ml of scrum dilution Determine phenol ns described 

B Icid phosphntnse Buffered substrate ncetute buffer, 90 ml , substoate 10 
mllililera This mixture mil undergo slow liydroljsis eren in the refrigerator and should 
»»t be kept for longer than two weeks Procodoro otherwise is identical with the previous one 

There aie a numhei of nrhifrart units of phosphatase actiiity described 
w htenture four of which are being widely used (Bodansky,’ King Arm 
strong » Huggins and Tnialaj ’s* phcnolphthalein, and Bessej and co workers’* 
mtropheiiol units) It is suggested in order to facilitate direct comparison 
“f results obtained with laiious methods that the actnities of all liydrolidic 
•inzymes be expressed m terms of micromoles of eslerio linkages split in one 
hour by 1 ml (or 1 Gm ) of biologic material preferablj undei optim il con 
ditions or m some eases under the special conditions of the experiment re 
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gaiclless of the eompoimd actually cleteinimed coloiimetiicallj oi by anj^ othei 
means, and legaidless of the actual length of tune of inenbation Table III 
gnes a compaiison between the vaiions nmts of alkaline phosphatase activity, 
the determinations having been peifoimed with human seium exactly ac 
coiding to the authois’ specifications It should be lemaiked, howevei, that 
neithei the Bodaiiskj^ iioi the King-Aimstiong teehiiique utilizes optimal con- 
ditions Both omit the addition of Mg, and foi this leasoii the Mg coiiceiitia- 
tioii IS suboptimal (10"^ M oi less, instead of 10'^ to 10‘- M) , moieovei, in the 


Table III Equivalems op Units of Aik,vline Phospiiatvse Actimti 


UNIT 1 

DEFINITION 

1 EQUnVIENTS 

Bodnnskj 

1 mg of P/h/lOO nd 

1 21 

King Armstrong 

1 mg of plienoI/30 mm /1 00 ml 

2 60 

Nitroplienol 

1 mM of nitrophenol/h/1,000 ml 

0 69 

Nen method 

1 /iM of phenol/ll/ml 

1 


case of the lattei one, the pH of the buffeied substiate is belov the optimum 
(9 3 to 9 35 instead of 9 8) The latios may be significantly different iii the 
case of alkalme phosphatases othei than that of human serum (unpublished 
data) No diiect eompaiison between the phenolphthalein unit and the othei 
units IS possible because the lelatioiiship between the amount of phenol- 
phthaleiii libeiated and the amount of enz-yme is not leetilineai 

The phosphatase actiiities of fifty-one unselected human seia were de 
tei mined by the new method The lange of noimal values at alkaline pH 
Mas fiom 2 3 to 6 6 ^kl/miUilitei Poui seia fiom patients with obstiuctive 
3 auiidice lead 9 2, 12 6, 13 4, and 16 2 /nM/millilitei lespectivelv The lange 
of ^ allies at acid pH was f i oui 0 64 to 1 48 ^M/millilitei 

Estciasc (Lipase ) — Teclmiques utilizing the Waibnrg apparatus aie ob 
\nously not suitable foi the puiposes of a clinical laboiatoiv, those based on 
titiation of acid libeiated'® " aie not sensitive enough, the lesults of the stalag- 
mometiie method'" do not lend themselves to a stiict quantitative evaluation 
The first eoloiimetiic method sufficienth sensitive and simple to be used in the 
clmical laboiatoiN is the p-mtrophenol estei method of Huggins and Lapides 
Its disadiantage is the labilitv of the substiate, necessitating the frequent 
piepaiation of fiesh solutions and the i mining of the test at a non optimal pH 

The method to be desenbed utilizes phcnvl benzoate as a substiate This 
ester is custallnie, aiailable piactically phenol-fiee,®' and faiily stable both m 
alcohohe and aqueous solutions Fattv acid estei-s (acetate, piopionate and 
butiiate) of phenol weic found to contam significant amounts of fiee phenol 
uhich It vas impossible to renioie Phein 1 benzoate is onh veiy slighth soluble 
in vatcr (about 40 mg /I at 23° C ) but as vill be shown, the saturated solu 
tion IS entirelv satisfacton for the mcasinement of estei ase actniti within 
mde Limits 

Phenil benzoate is leadilv In di oh zed In both lipase and estei ase as sliown 
m Table IT The rates of In di oh sis of metlnl but} i ate and of Tvoen 20 were 
deteimined In the follomng adaptations of the author’s methods foi eliolmc 
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cstcnscs there ■\\as a repheement o£ substrates (mctinl ]mt^ratc, 001 AI 
Tueen 20, 0 25 pci cent), in nddition, instead of using prostigmmc, enzjTnatic 
activit} uas stopped bj immersing the tubes in ice cold uater To the blanks 
tlie enmne was added just befoie titiation oi tuibidimctnc leading Gelatin 
uas omitted fiom the CaCl solution because it caused a tuibiditj uith Tueen 
20 Ihdrohsis of oluc oil uas detemmed b\ titration in 80 pci cent alcohol 


Tadie It Pates of II'ipnor\sis op Vapiois Substrates bt Lirvsr A^D Estepase 
(EnzjTncs 2 10 Iiornogtnnfes of gtitnca pig pmereas and lirer and Jiuman «erum Actiritics 
expressed in //M of acid liberitcd 1 ml in 1 hour ) 


SUDSTP VTE 

1 FSTEPASE (lUTPl j 

LIPASE 1 

(pancreas) I 

SEPl M 

Olivo Oil 

None 

IOj 

None 

Tween 20 

46 

116 

8 

Jlcthyl but j rate 

COO 

190 

45 

Plienjl benzoate 

440 

120 

41 


The dependence of the rate of indrohsis on pll is shoivn m Table V The 
optimum IS between GO and G5 uhich Gallic is considerably lou cr than in the 
ease of most other substrates (around pll 8) 

Table \ Effect of pH ov R\te oi n^oroL^sis of Piiejtvl Benzoate nr Pancreatic 

Lipase 

(EnzjTno tnuour s pancreas powder 1 % suspension diluted 1 oO Buffer tri«i(h)droxy 
mothjl) anunometliane malcatoi^) 


pit 

( 50 

1 55 

■QQB 

65 ( 

70 1 

75 1 

bO 

of plicnol/h 

11 

13 5 

15 5 

15 

13 

65 

53 


n-vdrohsis is proportional to time for at least tno hours pi ended not more 
than 30 pei cent of the substiate (cqiiivatcnt to 28 /ig of phenol in a 5 ml 
sample) is used up (Table VI) 


Table ^ I Colrse of II\ppol\sis in Time 
(Eiizjnie human erum diluted 1 150 ) 


TIME (MIN ) 1 

|BQH 

.’0 1 

30 1 

■aa 

mom 

1 GO 

1 80 

I 120 


1 s 

39 

bU 

78 

0 7 

11 6 

17 4 



ProMded not more than 30 per cent of the substiate is split in the course 
of tlic e-xpeiiment, theie is a linear lelationsliip within wide limits between the 
amount of enz-vme and the rate of b>drol>sis (Table VII) 


Tvble VII Effect op Bnzime Concentrations 
(Enzyme as jn Table V ) 


1 

Enzyme dilution 

500 

-50 

200 

100 

50 

2^ 

20 

lb 

13 

10 


PelatxvL amounts of 
enzyme 

2 

4 

5 

10 

20 

40 

50 

03 

75 

100 

3 

Mg of phenoIA 

06 

1 S 

2 2 

43 

84 

16 6 


25 4 

29 4 

31 5 


4 of phcnol/relative 0 30 0 45 0 44 0 43 0 42 0 41 0 42 0 40 0 39 0 32 

amounts of enzyme 
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METHOD 

Reagents — 1 Phenyl benzoate stock solution Dissolve 2 Gm of phenyl 
benzoate in 100 ml of methanol This solution will keep m the lefngeratoi 
indefinitely 

2 Phosphate huffei, 0 1 M, pH 6 3 Dissolve 5 35 Gm of Na 2 HP 04 12 H 2 O 
and 7 0 Gm of NaHjPO^ HoO in 1,000 ml of water 

3 BufCeied substrate into 500 ml of buffei blow 1 ml of siibstiate stock 
solution Stii Keep in the ice box The buffei ed substiate ivill undergo 
veiy slow hydiolysis, pioducing slightly coloied blanks, but will remain 
usable foi about two weeks Shake before use because some of the ester wiU 
pi ecipitate in the cold 

Determination of esterase activity — To 5 ml of prewarmed buffered sub- 
strate add 1 ml of enzyme (serum dilution 1 200, gastric juice 1 25, and so on) 
Proceduie is otherwise identical with that for phosphatases 

BEStJETS 

The esterase actiinty of fifty-one human seia and of 242 gastric jmces was 
deteimmed The range in the sera was between 14 5 and 41 2 /oM/millilitei in 
forty-eight cases out of fifty-one Three cases had activities of 52, 47 5, and 
54 ;jiM/millilitex, respectviely The fiist two weie cases of diabetes, and the 
thud one was a psychiatric case In thiee cases parallel deteiminations of 
serum esteiase activity by Huggms and Lapides’ p-mtrophenol piopionate 
(PNPP) method and the new method weie done It was found that 1 PNPP 
unit was equal to 0 3 /iM/millilitei according to the new method 

The lange of eoncentiation of enzyme in gastiic juices corresponded to 
12 and 200 /iM/millilitei, 220 out of 242 eases having an activity lower than 
40 /nM Gastiic juices contaimng gross bile were especially numeioiis among 
cases uith VQiy high activities, indicating zegiiigitated intestinal and pan- 
el eatic juice as the possible souiee of the excess enzyme On the othei hand, 
many juices containing gioss bile showed low activities Table ^HII shows the 
statistical distiibution of esterase activity in gastric juices 


Table VEtl Distpibutios of Estep \se Activiti in Gastric Juices (242 Cases) 


PA\GE 

12 5 

5 10 

10 20 

20 30 

30 40 

40 50 

50 70 

70 100 

OVER 

100 

Number of cases 

7 

57 

101 

40 

14 

2 

3 

8 

10 

Gross bile 

2 

17 

18 

6 

4 

None 

1 

6 

6 


Theie is a marked iriegulaiitv in the shape of the fiequency distiibution 
curve betveen 30 and 70 micromoles Foi tins reason, the cases shoivmg 
activities 01 ei 70 /iM weie analyzed sepaiately in lespect to diagnosis Nine 
patients had no demonstiable gastiic lesions, fiie of them had 1101 mal acid 
■values, and foui ■weie anacid Of the lemaining nine, tvo had caicinoma of 
the stomach, six had duodenal ulceis tieated by x-iay 11 radiation (five anacid, 
one noimacid), and in one the diagnosis vas atrophic gasfiitis vnth acliloi- 
hydna As f ai as the 1 elationship beDi een acid values in general and esterase 
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letuitj IS conceincd, Fig 1 shows a scatteigram of eighty two coses selected 
at random from all langes of ncidiU and esteiasc actnitj Evcept foi the 
fact that oerj high actiMtics arc almost iinainhh associated with low acid 
lahies 01 with ainciditj tlicie is no appaient coiielation between aeiditj and 
esterase aetii itj of gastiio juico 

IM 

to 

03 

fO 


io a 30 *0 jo to n SO 90 100 uo 110 ijo ito iK 

Md «T 

Ura tl Ity 

Fljr 1 -“Relationship betnten free eclti \alues and esterase actlvlls 


SUMM \tt\ 

A now and simpJo azo dj e mefiiod for the detcnmnation of phenol phos 
phatascs, and cstoiaso in biologic material is described Eangc of phosphatase 
and esterase \ allies asdctcnnincdwiththonew method isguon 
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A SIMPLE i\rETHOD FOR THE DETERMINATION OP FECAL PAT 

AND FATTY ACIDS 

Joseph L Zucicerman, Michael C Z\maris, B S , and 
Samuel Natelson, Ph D 
Brooklyn, N Y 

I N CLINICAL diagnosis of sprue, ^ celiac syndioine," and cj’’stic fibiosis, fecal 
fat deteiininations are often of value Tlie most commonly used methods 
are those of Kaye^ and Tidwell and Holt ^ The Tidwell and Holt method is 
time consuming, lequirmg 200 ml of solvent which must be evapoiated to dij- 
ness on a steam bath The Kaye method is even moie tedious and lequires 
elei en hoiiis of e\ti action 

In the new method which we piesent heie a result may be obtained within 
two and one-half houis aftei the stool is diy This procedure is paiticulaily 
applicable to loiitme hospital deteimiiiations in that foity deteiniina- 
tions may easily be earned out in one woiking day 

We haie found that stool niav be dried to constant weight at 60° C ovei- 
night An advantage of drying at 60° C is that no objectionable odors are 
evolved At 100° C some pyrolysis takes place as indicated by the acrid odors 
gnen oft Diniig at 60° C mar therefore be done in an electric oven vntliout the 
use of a hood By homogenizing the stool and taking approximately a 2 Gm 
sample which is spiead on the liottom of a 50 ml beaker or Petri dish, appiox- 
imately foity samples may be dried in a standard electric incubator at one time 
Where the origmal sample is small, as for infants, the stool is collected m shal- 
low, wide-moutli jais which are placed diiectly in the 60° oien 

The dried stool is piilieiized and samples are weighed into test tubes 
To the test tube is added dilute HCl to fiee the fattv acids from the soaps and 
a petroleum ether -diethyl ethei mixture to extract the lipids One drop of 
ethyl alcohol is also added This senes to pi event the mixture from emulsify- 
ing when shaken The exti action is now accomplished by shalang in a stand- 
aid shakmg machine on which has been moimted a special caiiiei designed 
to accommodate large mimbeis of tubes This caiiiei has been pievioiislj 
described “ The tubes aie then centrifuged and the ether mixture is aspirated 
off This process is repeated The combmed extracts aie evapoiated to dry- 
ness and w eighed Studies hai e show n that by these twm extractions 98 to 
99 pel cent of the fat is exti acted Furthei extractions are therefore iinneees 
saij foi loiitine determinations 

If flee fattj acid determinations are desired, alcohol is added to the cx- 
ti acted lipid and the solution is titrated wuth alkali Thus by this method 
both total fat and fatli acids mai be deteimined at the same time Recoveries 

From the Department of Blochemlstrv of the Jewish Hospital of BrooWm 
RecelNCd for publication Sept 27 lOlS 
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Here made up In dissohing one part of stearic acid in tno paits of molten 
laid, 185 mg of this mixtnie were added to 500 nig of dried stool Table I 
summarizes the icsnlts of ten such lecoi cries 


Table I Uecoitj’l of Fit asd P\m Vein Added to Ten Saiiplzs of Dfied Stool 


B 

W'UGnT OF PRTEn 
STOOL S\MPLE 
(MG) 

^TVE/OliroF TOTiL 
F \T EXTn.\CTED 

1 (MC ) 

F\T \DDED 
(MO ) 

FAT FFCOVrrED i 
(ME.O.) 

(ilO ) ] 

[ A^ ETcACE 

DmiTTCN 
FPOM ME.VN 

1 (%) 


500 

133 

18o 

18o 

±0 40 

B 

MEL\S nTTcATION 1 
OF FAT EA j 

Tn.\CTED FFOM , 
STOOL j 

(OllN 1 

ME\N TlTFcVTION 
OF F \T \DDED 
(ISd MC ) 

MEAN TITHATIOV 
OF FVT 

1 PECOVERED 

A\ EKAQBDEYIA 

TION rroM 
'ME*VN TITRATION 


2 49 ml 

1 ■'» ml 

1 78 ml 

±0 03 ml 



Table II shows tipicsl icsults obtained m noimal adults and cluldren 


Table IT Pet Cent Fit in Stools of Nofaial Adults \n-d CiiiLDrms 


C\SE 


IV EIGHT or FAT 
FECOVEPED , 
FPOil dOO MG , 
OF STOOL 1 

(MO) 

PEP CENT 
r\TiN 

DPT 

STOOL 

C\SE 



PEP CENT 
FAT IN 
DRY 
STOOL 

I 


48 

96 

10 

5 

99 

19 8 

0 

40 

70 

15 2 

11 

1 

63 

12 0 

3 

36 

84 

10$ 

12 

2 

9S 

19 6 

4 

1 

99 

19$ 

13 

52 

94 

ISS 

5 

53 

128 

25 6 

14 

21 

64 

12 S 

6 

20 

29 

0 8 

15 

50 

93 

186 

7 

5 

111 

22 2 

16 

5 

104 

20 8 

8 

35 

50 

11 2 

17 

34 

47 

94 

0 

45 

32 

64 

18 

25 

33 

66 


REAGENTS 

J Hydrochloric Acid (IN) — Made up hi diluting the concentrated acid 
(12N) to twehe times its volume inth water 

3 Petroleum Ethel Ether Mixture 1 1 — Made hi mixing equal quantities 
of redistilled petroleum ether (boiling point 70 to 90°) and redistilled dieth}! 
ether 

3 Ethyl Alcohol 95 Per Cent (Redistilled) 

i Sodium Hydroxide 0 iN — This must be standardized daih agamst 0 IN 
standard sulfuric acid 

5 Standard Fat for Recoveiy—To 8 Gni of lard melted at 100° C were 
added 4 Gm of stcanc acid The mix was stnred until homogeneous and al 
lowed to cool The solid fatty mixture was dissoh ed in benzene and dned 
over CaCl oiernight The CaCl was filtered off and the benzene was evapo 
rated off under vacuum The lesidue was brought to constant weight in a 
'aeuum desiccitoi 
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PROCEDURE 

The total stool oi approximately 2 Gm of the homogenized stool aie diied 
in a heakei by placing it in an electiie oven at 60° C overnight Duplicate 
500 mg samples aie weighed into clean, dry 15 ml test tubes with eithei 
giound glass oi Tygon stoppeis To each tube is added the following 

5 ml INHCl 

5 ml petroleum ethei -ether mixtuie 

1 drop 95 pel cent ethyl alcohol 

The tubes aie caiefully stoppered and shaken for twenty-five minutes in a 
shaking machme 

The Tygon stoppeis aie eonstiucted b}'^ sealing both ends of a short piece 
of glass tubing (8 mm outside diametei, 15 cm in length) The sealed tube 
IS inseited mto a piece of Tygon tubing (outside diametei 15 cm, length 
17 cm ) These stoppeis aie then exti acted with peti oleum ethei to lemove 
any possibility of fatty materials being piesent This should be lepeated 
each time the stoppeis aie used 

Aftei the tubes haie been shaken, they are centiifiiged at 2,500 revolu- 
tions pel minute foi fifteen minutes The contents of the tube should then 
appeal as in the following description The bottom of the tube contains a 
sediment Above this sediment is the aqueous layei and above this is most 
often found a layei of nonfat matenal in the foim of a button In the event 
that theie is an emulsion formed at the inteiface of the aqueous and ether 
layei, add a fev moie diops of alcohol, shake thoroughly, and lecentrifuge 
Above the button of nonfat material is found the layei of ethei mixture The 
f 01 Illation of the button facilitates the lemoval of the ethei layer , 

The ethei mixtiue lavei is now aspiiated off into a weighed beaker, caie 
being taken to avoid contamination of the ethei lavei with the aqueous layei 
Five milliliteis of the ethei mixtuie aie again added to the tube The tube 
IS placed again m the shaking machine and centnfiiged as befoie The ether 
from the second exti action is added to that of the fiist and the mixtuie is 
eiapoiated to dryness on a steam bath The beakei contaimng the lesidue 
fiom the diniig of the ethei is now bi ought to constant iveight in a lacuum 
desiccatoi and weighed A blank is lun in similai manner without added 
stool The blank should be negligible If more than 0 2 mg of i esidiie is 
obtained the soh ents need to be ledistilled 

If fiee fatty acid detei minations aie desired, 10 ml of ethjd alcohol are 
added to the beakei and it is heated to just belov the boiling point of the 
alcohol This dissolves the fats and the solution is titiated with 0 IN NaOH 
vhile still hot A blank consisting of 10 ml of alcohol is titiated at the same 
time The indicatoi used foi both titiations is a 1 per cent solution of 
phenolphthalem in alcohol If the equipment is available, electrometric titra- 
tion may be substituted 
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CALCUDATIOV 


1 AVeight of boakci and fat - weight of beaker = Weight of fat 


2 


^yclght of fat 

Di-j weight of stool sample 


xlOO 


Pci cent fit in stool 


(Titntion of fat - titration of blink) 

X 1101 nullity X 2C8 x 100 

A\ eight of fat in milligi aiiis 


■= Pei cent fatty acids in fat 


III the thud equation the nuiiibci 268 is denied fiom the aierage 
molecnlai weight of fattj acids assumed bj Tidwell and Holt* 


DIbCOhlON 

The method described lequiics no special cqiiipnicnt othci than a means 
of shaking laige mimbcis of test tubes sinmltaneoush In this maiuiei de 
temimatioii of stool fat can be used with giealcr ficqiiencj as a diagnostic 
aid eieii in laboratoiics possessing limited equipment Puither, large numbers 
of dotcrmmatioiis iiiai be done simiiitaneoush without the nccLSSitj of handling 
cunibei'some equipment No sepaiatoii funnels or Soililct estractors need be 
used 

Pi 0111 Table I it tin be seen that the lesiilts ns obtained on lecoieiies 
indicate an ooeuiaej in the oidoi of the moie tedious methods 

Table II lists icsults on normal idiilts and children These results are 
comparable to those pros louslj i epoi ted on normal nidnidu als “ 

The method deseiibis the detei miiiation of total fatty acids and total fat 
No attempt to fiaetionnte neutial soaps was made for it has been showm that 
the amount of fiee fattj acid as compaied with neutial soaps vanes with the 
method of diyaiig the stool* Kaje bj a mild method of di-jing was able 
to get a higher peicentage of free fattj acid foi less was comerted to calcium 
soaps than hi moie seieie heating Furfliermoie the latio of sodium salts to 
fatty aoids in stool is a function of the pH as would bt expected from the 
basic equation 

„ „ , Sodium salt of fatty acid 

pH-pK + log Fnttj i^Id ~ 

Thus, all the information lequiied can be obtained fiom determinations of 
total fat, fatty acids, and pH In oiii piocedure the fatty acids are freed fiom 
combination wath the alkali metals by shaking wath the acid during the ex 
fraetion 

This method has been in use in our lahoratoiies for more than a jear 
During that time it has showai itself to be piaoticahle and easily learned by 
the average technician 

SUJtMtBl 

1 A comenient method is described for the detei mmation of fattj acids 
and fats m stool 



2S6 zuckekjij\:n', zymaeis, and katelsox 

2 This method is simple, reqiuiing no special equipment othei than a 
shaking machine 

3 The exti action is eairied out in test tubes 
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SIMPLIFIED EQUIPJIENT POE DETBEJIINATION OP 
UEOBILINOGEN IN UBINB AND STOOL 

L^^\ItE^OEE Youno, M D E AVcndellDuis, 51 D . and Jane IIogestw, B A 
Eociicster, N Y 

N U5IEROUS obsei \ ors,' = lia\ e m rteent vears stressed the iisefnlness of 
mc'ismcmcnts of uuinn and fecil inobihnogen jn drflerentiai diag 
nosis and in following the eonisc of ccitam diseases AY itson and assooi 
ates* ’ bale desenbed a siniiilificd method foi dettimiiiation of urobilinogen 
uhich IS quantitated In using a lonipaiatoi block uitli pontacjl dae standaids 
Tins method has found cNtensne use but aeibal icpoits indicate that raam 
laboiatoiies haie not cmploaed the pioecdnic because of difficulties in pro 
paling eompaiator blocks with iiiatciials at hand The pm pose of this paper 
IS to dcsciibo the use of (1) a tommeicmlls available compaiatoi block and 
(2) nccessoij equipment emplovmciit of which fuithei simplifies this pio 
cedure 

CONSTRLCTION OF EQUIPMENT 

A commcrcialh available compaiatoi blocl ,* showai in Fig 1 was adapted 
foi use in estimating the Bin In h reaction In inserting sealed vials of pontacjl 
dye solution in the designated places uid sealed vials of distilled vvatei in the 
alternate positions The pontaevl dye standaids wcic piepaied acooiclmg to 
the diicctions of AA^'afson and co v orkcis* in such a way that their color 
densities oonesponded to those developed m the Bhilich reaction by the desig 
natod donoentiations of uioliilniogcn ’ Plat bottomed tubes in the comparator 
block have the same diamctei is the vials eontaining water and poiitacyl 
dye Then capacity is 7 ml and thev have a single maik at 5 milliliteis 
Tubes and vials of laigei diamctei would piovide greatci aeoniacy ni the 
lowet laiige of density hut those here employed have the advantages of com 
paetness and cuuent av ailahility 

Seveial types of simplified pipetting equipment were subjected to m 
tensive use by medical students iii the hospital lahoiatoiy and ns a result 
of such trials the pipettes with attached rubhei bulbs shown in Fig 1 were 
deemed best suited foi this puiposc The pipette used for measiiiing mine or 
fecal filtiate and that used foi transfennig Elulich’s leagent fiom bottle to 
tubes have single marks at 1 25 millilitci-s The pipette used in measmmg 
and tiansfeiiing the solution of sodium icctnte has a single mark at 2 5 
milliliters 

From tlie Departments of Medicine and Pediatrics of the Unlverslt> of Pochestcr School 
of Medicine and Dentistry 

The obaervatlon*! described In thN paper xrero made In part in connection Avlth a con 
tract betAveen the Dnlversltj of Roebesttr and the Office of Na\al Research 
ReceKed for publication Oct 2 1948 

•The compantor block A\as obtained from the W A Ta\lor Companj Baltimore Md 
through the "Will Corporation Rochester N 1 As a result of the observations described in 
this report, the \MU Corporation is non In a position to supply comparator blocks SlreadA 
filled with vl^s of dye standards and water The acc*' sorj pipettes rubber bulbs cork 
stoppers and w^idemouthed bottles are also procurable from the Mill Corporation (The 
catalogue number for the entire unit (s 17185) The solutions of dye are stable and If con 
lamination and unnecessary exposuie to light arc iiolded the color densities should remain 
unchanged indefinitely 
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METHODS 

The equipment desciibecl is used as follows in determinations of uio 
biluiogen by the methods of AVatson and associates •* = 

Tivo-IIoui Specimens of TJiine — A. two-honi uiine specimen is collected 
in the nuddle of the afteinoon when uiinaiy uiobilinogen excietion is usually 
maxmial The patient loids at 2 00 p m , discaids the ninie, diniks a glass of 
watei, and voids at 4 00 p m The volume of the lattei specimen is leeoided 
and the Ehilieh leaction is measured ivithin one-half lioui aftei -voiding 



"With the dioppei pipette maiked at 1 25 ml , this amount of mine is tians 
feiied to each of the two 5 ml tubes accompanvnig the compaialoi block 
To one tube 125 ml of Ehilich’s leagent aie added fioni the diopper bottle 
by use of the maiked pipette The contents aie mi-s.ed by inveision and 2 5 
ml of a satuiatcd aqueous solution of sodium acetate aie added without delaj^' 
and thoionghty mixed To the otliei tube, w^hicli is to seive as the blank, 
the leagents aie added to the uiine in reieise oidei to pi event coloi de 
velopment Fust 2 5 ml of the solution of sodium acetate aie added and 
the contents aie mixed thoioughly, 125 ml of Ehrlich’s leagent aie then 
added slowly ivith constant shaking 

The blank and leaction tubes aie placed in two adjacent openings m the 
compaiator block and the sliding scale of dye standaids is adjusted as neces- 
sary to bung the standaid fust selected foi matching behind the blank and a 
■vnal of Avatei behind the leaction tube as illustiated in Fig 2 If the match 
of colois obtained by holding up the set in fiont of a light is not satisfactoiy, 
a stiongei oi weakei coloi standaid is moved into position behind the blank 
until the best match is found Intel polatioii may be made if it is evident 
that the color intensity bes between twm of the standaids If the blank de- 
-V clops a pink coloi or if the intensity of the unknown is higher than that of 
the color standard coriesponding to a urobilinogen concentration of 0 G mg 
pel 100 ml fuithei dilutions of the mine should be made, that is 1 2, 1 4, or 
1 8, and so on, using the 125 ml diawn-oiit pipettes to measuie mine and 
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distilled Mate! into anj ordimrj test tube The total amount of urobilinogen 
for the two hour peiiod is calculated as follows 


Coneentrstioii of final 
solution in inillignms 
per 100 ml ns dctci 
raiued from match 
with standards 


X 


1 25 


X 


Milliliteis 111 me 
exercted m 2 houi s 
100 


X Any further 
dilution 


Ehrlich units 
per 2 hours 


Example 020 x 4 x . ■ = 0 GO riiilich units pei 2 horns 



Flff J— Cut a^'Q.j flmnlns comparator block shonin? position cf blank and unknown tubes 
In relation to tubes containing nntcr and jontac>l d>o standard 

Normal adults usuallj caoicte less than 1 0 Ehilieh unit dming the two 
hour afteinoon peiiod Results aie evpresscd in Ehrlich units rathei than 
in milligiains heoausc nonurobilmogcn chiomogenic substances may eon 
tribute to the coloi measuied bj this simplified method 

If biliiubin IS present m the uiinc it maj interfere with the deteimination 
of urobilinogen, hut m such eases the Ehilich i taction can usnaEy be ear 
ried out satisfactoiily aftei mcielj diluting the uiine inth one oi two paits 
of watci Poiiihobiliiiogcn which is picsent in the uime of patients suffering 
from acute leeurient poiphjiaa pioduccs a pink aldehyde compound avath 
Ehilich’s reagent, like that piodiiced by urobilinogen These two substances 
can be diffeientiated readily honeaci, by adding a few imlhhteis ofaihloro 
foim to thg icaotion tube The aldehyde compound of poiphobilmogen re 
mains in the aqueous fraction while that of uiohihnogcn is e\ti acted by the 
ehloioform, as shown by Watson and Schwaitz ’ 

Feces — A 10 Gm aliquot of a single avell mixed specimen is thoroughly 
groiuid wath 90 ml of water This is most easily accomplished by use of a 
Waring Blendor,’ but an oidinaiy mortal and pestle wall sufiice The fecal 
suspension is added to 100 ml of fleshly prepared 20 pel cent solution of 
feirous snifata (20 grams FeSOt 73 0 + 92 e e 3 0) in a 500 ml Eilenmeyer 
flask Unless the specimen is acholic, 100 ml of watei are added after first 
being used to rinse out the a essol such as the AVaring Blendor used in pro 
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paring the suspension One Imndred milliliters of 10 pei cent NaOH aie then 
added slowly and with gentle shaking to the niixtuie in the Eilennieyei flask 
The flask is stoppeied and placed in the daik foi one Iioni, oi until the super- 
natant solution IS iieaily coloiless, at the end of which time a small poition 
of the inixtuie is fllteied The Ehilich leaction is eairied out on the flltiate 
in the same mannei as with mine Dilution of the flltiate with watei (most 
convemently 1 10) is usually necessary unless the concenti atioii of uiobilino 
gen in the stool is low Calculation is earned out as follows 


Concentration of final solu- 
tion as detei mined fiom 
match -with standaids 


5 ,, 400 (oi 300) 

125 ^ 10 


X Puithei — Ehilich units per 
dilution 100 Gm feces 


Example 


45 X 4 X 


400 

10 


X 10 = 720 Ehilich units pei 100 Gm feces 


Noimal adults exciete fiom 50 to 300 Ehilich units pei 100 Gm of feces 
Foi moie aecuiate measuiements of hemoglobin metaholism oi of the degree 
of biliaiy olstiuction, it is advisable to collect stools ovei peiiods of from 
two to foui days and to detei mine fecal uiobilinogen excietion pei diem by 
use of the method of Sehwaitz, Sboiov, and Watson" whick includes exti ac- 
tion uith peti oleum ethei The moie elaboiate method is also recommended 
foi detennmations of uiobilinogen m tuent'\-four lioui specimens of mine 

Watson and co-uorkeis^ found that measurements of uiobilinogen by use 
of Ihe compaiatoi bloek do not diffei significantly fiom those made with a 
photoelectiie coloiimetei emplojung a 565 mfi filtei Oui expeiience ivith the 
commeieially aAailable equipment has been equally satisfactoiy Biologic 
Aaiiations, difficulties in collection of specimens, and the picsence of chio- 
mogenic substances othei than uiobilinogen* undoubtedly affect the results 
of these detei minations to a considerable extent Eiiois inheient in the use 
of the compaiatoi block foi loutine clinical pm poses aie theiefoie consideied 
inconsequential Since matching of densities of coloi is most difficult in the 
lowei lange (01 mg pei 100 ml and below), it is adiisable to use dilutions 
of flltiate if possible uhicli uill pioduce densities compaiable to those found 
in the highei lange on the block 

In the Stiong Menioiial and Eochestei Municipal Hospitals a comparatoi 
block and accessoiy equipment neccssai\ for handling tv o horn mine speci- 
mens aie placed in each divisional laboiatoij The moie elaboiate equipment, 
including coiked tubes containing 20 Gm amounts of feiious sulfate foi 
piepaiing fecal filtiates, is located m a cential laboraton This equipment, 
vhich IS used bv inteins and medical students, is kept in stmdA boxes in 
01 del to miiumize bieakage and exposuie to light and dust The boxes aie 
inspected fiequentlv, missing items replaced, and smeaied compaiatoi standaids 
aie cleaned vith a damp cloth 


•Xonurobllinocrcn cliromogcnic siibstmces ire cllminntcd bj the more cKbornte method 
of cebu-mz Sboro” "nd V at-=on’ in -nldch «tercobilino''en and mcioblllrubinozcn ore e^tr•^ctod 
b' pet^leum ether nitrates or urine or feces the i;rc-=cnt paper stercoblllnopcn and 

raesoblliniblnogen are considered collects cl> os urobillnocen 
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The equipment described lias pio\cd most useful in malang serial measuie 
ments on ti\o hour specimens of urine Such determinations usually can be 
made in about t\\o or tliicc minutes, c\cn bj inexperienced personnel A1 
though the results are not strictlv quantit‘iti\ e, thej are much more casilj 
interpreted than those obtained by the sciial dilution method of ‘Wallace and 
Diamond 


SUMM VRV 

A comparatoi block and nccosson equipment foi measuiement of uro 
bihnogcn in urine and stool arc deseiibed This equipment has the ad\antages 
of commercial ai ailabilitv and simplicity 
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A SBIPLIFIED VACUmi DEHYDRATION TECHNIQUE FOR THE 
PREPARATION OP SECTIONS BY FREEZING-DRYING 

K J W ^’G, i\I S , AND M I Grosssian, M D , Ph D 
Chicago, III 

T he teclmique of drjnug fio7en tissue m vacuo at reduced tempeiature for 
the piepaiation of microscopic sections lequnes appaiatus which is too 
elaboiate and expensive to be employed in many laboiatories (GeislP) The 
piocedure described below for the prepaiation of the fiozen-diied sections in- 
volves a simplified method for dehydiation which can be applied at a considei- 
able economy of time and matei lals 

I vppARATus (pig 1) 

1 A Ceneo-Supeivac pump of the mercuiy vapor diffusion tjqie (A) 
This pump opeiates by the application of heat fiom an electric heatei (R) 
to the mercury in the boiler (IMethod of use is described in the directions in 
Catalogue No 93201 for the steel Supervac pump of the Central Scientific 
Compaiij’’ ) 

2 Forepump (C) The diffusion pump requires a foiepump capable of 
keeping the piessuie in the condensing chambei sufficiently low to insiiie 
vapoiizatiou of the mercuij’’ The Cenco Iliwac Pump, Catalogue No 91105, 
IS recommended for this purpose These pumps aie kept continuously function- 
ing during the period of dehj diation 

3 The Supeiwac pump and forepump arc connected by a glass tube (K) 

4 Heatei (R) The boilei of the pump should rest evenly in the ciiculai 
opening of the heater (R) The heater should be put into opeiation aftei the 
meieurj’’ pump has been evacuated bv the forcpump and after the cold water 
has been staited cii dilating thiough the watei lacket 

5 The dehidration chambei (R) and the surioiinding Denar flask (F) 
A Piuex test tube (R) (diametei, 21/2 cm , length, 20 cm ) was used as the de- 
hydrating chambei Dncrite (8 mesh) (CaSOj) nas placed in the bottom of 
the dehydrating tube to a height of about 2 cm as a drying agent to pick up 
the watei as it comes oft in the vapor state (-0) 

6 The connecting tube (E) A cylinder made of coppci gauze contain- 
ing a small amount of Diicrite (P) was placed into the connecting tube (E) 
just before this tube n as connected to the dchy diating tube R 

7 The fi cozing tiap ((?) and the surrounding Denar flask (//) In oidei 
to pi event mereuix vapor fiom baclnng into the si stem being exhausted, a 
freezing tnp (G) between the Supcriac and the connecting tube (E) has been 
used This trap was suiionndcd bv a mixture of solid caibon dioxide (dry lec) 
and acetone nitlun a Piiex silicied nidcmoutlied Denai flask (H), thus main 

rvom the Dep■^rtmcnt of Clinical Science UnUersitj of Illinois Jfedical School 
I^cccivcd for publication Jso\ 1 194S 
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taming a temperatiiie of about -80° C One end of the freezing trap was con- 
nected to the connectmg tube {E), and the othei end connected to the Supen^ac 
pump {A) bp the coimeetmg tube 2 

8 All the connections should be made ivith the gieatest care After wiap- 
ping with para lubber tape (Cenco Catalogue No 94220) the joint is covered 
ivith puie white shellac 

9 A high-frequency spark coil (Cenco Catalogue No 80730) for testing 
vacuum assembhes for leakage was used aftei all the jimctions were connected 
and the pumps had been staited Ant lealcs that weie detected were repaired 
■with additional lubber tape 

II METHOD 

1 Fieezing Tissue removed fiom the recently sacrificed animal uas fiozen 
in isopentane uhich was dulled in liquid an at -195° C checked by a toluol 
theimometei The isopentane should be stiiied constantly to pieient it from 
becoming too tnscous (Hoeir^) For most tissues dry ice and acetone (-80° 0 ) 
can be substituted foi the liquid an in cooling the isopentane 

2 Deh 3 rdrating The frozen tissues were at once tiansfeiied to the drying 
tube (Z>), which had been cooled pieviousl}^ to -80° C by solid caibon dioxide 
in the Dewai flask (F) Dining the transfer of the block to the cold dehvdrat- 
ing tube, the tempeiature of the block should not rise above -50° C After all 
the biocits are tiansferied to the dehj'diating tube, it is then connected to the 
connecting tube (E) by para rubber tape, the foiepimip (F) is staited and 
thii’tj’’ minutes aftei ward the heatei (B) of the meicmy lapoi pump {A) is 
turned on fiist staitmg cold water eii dilating through it at J 

3 To maintain the temperature of the vacuum delij drating tube (D) at 
a temperatuie below -21° C , we have used a veiy simple method The method 
consists of suiroundiiig the dehydrating tube with a Dewai flask (diametei, 
7^/2 cm , length, 26 cm ) eontannng a laige amount of solid caibon dioxide 
and a sufficient amount (near 2 lb) of dimethoxj’-teti a glycol (Union Caihide 
and Caibon Coipoiation) Soon aftei mixing, this mixtuie will have a tem- 
peratme of -80 to -60° C The tempeiature ot this mixture goes up giadu- 
ally and becomes stabilized at -31° C in fiom eight to twenty-four hours 
Once the mixtuie leaches -31° C it will maintain this tempeiatuie for a 
period of fiom two to thiee daj^s This piopeity of dimethoxytetiaglycol and 
dry ice mixtures was fiist pointed out by Wikoff =* The tempeiatuie should he 
checked ivith a toluol theimometer each day and a small amount of cliy ice 
should be added when the temperatuie uses above -31° C An excess of diy 
ice should be avoided because it will bung the tempeiatuie below -31° C and 
will prolong dehydiation Similailv a use in tempeiatuie above -21° C be- 
foie dehydiation is complete should be avoided, because collapse of the tissue 
and unsatisfactory fixation wull lesult In piactiee we have found that a 
single addition of a sufficient amount of diy ice to i educe the temperatuie to 
-31° C on the thud day of dehj'diation will lesiilt in good fixation for most 
specimens The total length of the dehydiation peiiod is usually five days 
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After the addition of dij ice on the third day, the temperatuie of the bath 
surrounding tlio dehydiating chamber is alloived to rise giadiially tonard 
room tempei atm c tisuallj reaching -ibout -15° C on the fifth daj 

4 Most of the \ntei icmoicd fioni the tissue dining dehjdiation ivill be 
condensed in the fieezmg tnp (G) and a part of the iiator in the dehjdration 
tube is absoibcd In the Diiciiti m tlie drnng tube (0) Onh a small portion 
of the ivatci lapoi is absoibcd b\ the Drieiite (P) in the connecting tube (E) 



,oc ■’—Ecu poT\er photosranh of the Bostrlc mucosa of dOB frozen in Isopentane at 

^ dried In our \acuum sjstem at -31 C Elpht micron section stained bj Hotchkiss 
method (polj saccharide staining ultli periodic acid) Shows uniformit) of nxation and 
dehydration xl^O 

5 When the drying is completed the Dcivar flask (F) surrounding the de 
bjdration chamber is removed and the electric heater on the mercurj pump is 
turned off The forepump is stopped about thirty minutes later The dehydrat- 
ing tube (D) should be allowed to warm up to room temperature before the 
tissue IS removed Usuallj half an hour wall be sufficient, so the dehjdration 
chamber can be opened at the time the forepump is turned off 

<5 Melted paraffin (58° C ) is added to a warmed Eilenmejer flask and the 
dehjdrated tissues aie placed in it to be infiltiated with paiaffin by evaeii 
ation of the air in the flask by an oidinary oil pump, similar to the procedure 
of Gersh ' Embedding and cutting aie done in the usual way Eig 2 is a 
photomicrograph of a section of dog’s stomach prepared by this method 
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SUMMARY 

A Simplified method for the preparation of tissue sections by the method 
of freezing-diying is described The method utilizes the constant tempeiature 
(-31° C ) which a mixtuie of diy-ice and dimethoxytetraglyeol will maintain 
ovei a long peiiod of time as a means of holding the temperature of the tissue 
at a siutable level dm mg dehydiation 
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"SlUDlJ'b A\JTH tOLLOIDS ( ONTAlNIN(4 RADIOISOTOPES OF 
ITTRIUM, ZIRCONllM lOLLMMUM AND LANTHANUM 

I Tiif Chfmicvl Principles vnd "Methods Iv\ol\'ed in Prepvration of 
Colloids OF Yttrium Zirconium Colunibiuji vndLvnthinum 

John "W Uofm \n M D Ph D 
Behkele\ Cflif 


introduction 

F or a nuinbei of ini cstigntioiis inchuling fiincHmeiital studies of ndiation 
effects on liMiig tissues md therapeutic utilization of ladioisotopes it is 
laUiable to base methods foi the selectne localization of ndioisotopes m cei 
tarn tissues Pineh dispersed aiihsdious eliioniic phosphate has been found 
useful bi Jones, AYiobel and L\ oils' in sclectnelj n radiating the liver and 
spleen uith P' beta particles The present studies, icported in this and the 
folloiving coinniunicafion • aie concerned uith methods for controlled selective 
localization of colloids (incoiporating radioisotopes) in the liver, spleen, or 
bone marroM, and uith an analjsis of some of the factors imolved m the 
phenomenon of localization 

Choice of Elements fot the Prepaiation of Colloids — The elements zii 
coniimi eolumbuim yttiium and lanthanum are paiticiilarlj suitable for the 
present iiuestigatioiis PiiNt it is possible to sjnthesize a aariety of typos of 
colloids ineorporating ladioisotopes of these elements Second, there is avail 
able for these elements a laige niiinbci of radioisotopes of differing nucleai 
pioperties This gioup includes isotopes of shoit intei mediate, and long half 
life some of uhich emit onlj beta particles some onlj gamma lajs, and 
others both beta and gamma ravs Table 1 gives a desciiption of the nucleai 
properties of the av ailable radioisotopes 

‘Pile Chemistry of the Picpaiation of Colloids of jCxieonxum, Tttrixxm, and 
lanthanum — Seveial tjpes of colloids of the elements ziiconinni yttrium, and 
lanthanum, vaijnng in sign of chaige stability tovvaid flocculation by added 
electrolytes chemical stiiictiiie and paiticlc size inaj be prepared As is 
shown in the following eomnuiiiieatioii, both the cbsappearance rate of such 
colloids fiom the blood stieam of animals following intravenous injection and 
the site of uptake of the colloids can be made to v ary through wide limits by 
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Table I RAoroisoTOPES op Yimuif, Zirconium, Coeumbitjm, and Lanthanums 


ELEMENT 


TTPE OF MCAI 

ENERQT OF RADIATIONS IN MEV 

1 BETA 1 

1 OAMMA 

yttrium 

Y91 

yss 

65 hr 

57 dajs 

105 dajs 

P , no y 

P , no y 

K rapture, y 

22 1 

153 1 

None 1 

1 

None 

None 

0 95 

192 

Zirconium 

Zrss 

ZrBT 

Zrs» 

65 days 

17 hr 

7S hr 

P . r 

P , y 
fib, ( ?) y 

0 594 (98%) 

10 (2%) 1 
21 j 

10 

0 73 
(0 92) ? 

08 

1 

Colmnbium 

Cb^sn ' 

Cb95 

1 

SO hr 

35 dajs j 

1 T , e , X rays 

P , y j 

e 0 32 
e 0 23 

015 

i (?) 

(Highly convertefl) 
j 0 75 

Lanthnnum 

Lai^o 

1 

40 0 hr j 

1 

1 

fi , Y 

! 

1 

0 SO (20%) 

1 4 (70%) 

2 12 (10%) 

i 0 335 ( 1%) 

1 0 49 ( 7%) 

1 0 83 (14%) 

1 1 03 (74%) 

'23 ( 4%) 


Note None of the Isotopes of half life less tlian 17 hours hate been listed All those 
described In this table are ataflable from Oak Kidge or from cyclotron bombardment 

Symbols Electron emission positron emission K K-electron capture IT 

isomenc trsnsltlan e- contersion electron emission 


alteiatious m the iiatiiie of the colloidal aggiegates The chemical principles 
involved and the methods used in the piepaiation of seveial of the colloids 
used in this tvoik aie gn en belon 


A Prepai aUon of Znconium Colloids of Relatively Laige” Paittcle Size 

1 Ziicontiun oxide peptized tn dtltife intiic acid Owens' has sliovn that 
fiesMy precipitated hydrated znconium oxide may be resuspended in dilute 
nitiie acid (insufficient stoicluometiically to dissohe the hydiated oxide) to 
pioduce positiveljr chaiged colloidal ziiconiimi oxide The effective peptizing 
agent is piobahly the zneonjl ion pioduced hv the leaetion of the ziieoniiim 
ovide vnth h}-diogeu ions 


Piepaiation 0 5 ml of OIM zneomiim oxychloiide solution (containing 
01 Zi®® tiacei )'is titiated to the phenol led end point with dilute sodium 
hydroxide, lesulting in the quantitatiAC pi ecipitation of the znconium The 
hrdiated oxide precipitate is centiifuged out, the snpeinate being discarded 
The precipitate is suspended in 2 5 ml of 0 0231 nitnc acid and then shaken 
twelve houis in a mechanical shaker to peptize the zirconium oxide FoHou- 
ing this the mixture is centiifuged tluee minutes at ~500 G The supernate 
from this centrifugation is the final colloidal solution This sol is msiWy 
clondr, demonstrates a biight Tyndall effect, is poll dispeise, and of such 
narticle size that the maiouty of the suspended ziieoninm is sedimented in 
Ldinaiy eentnfiiges at -2,000 G in sixty minutes Befoic use in bio ogie 
expeimieute this sol is mixed nith an equal loliime of 10 pei cent dcxtiose 
solution to lender it appioximately isotonic 
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3 7ircomum pho':i>halc in dilute diwdium acul phosphate 
Vrcpaiaiwn 01 ml of 0111 ziieoimim o\i chloride is mi\ed inth 2 3 ml 
of 5 per cent dextrose solution and to this niixtme ls added 0 1 ml of 0 ClI 
(lisodium acid phosphite lluie Ksulfs a tuihid sol iihieh demoiistiates a 
marhed Tvndnll efleet on ilhiniinition ISo caident flocculation of the colloid 
occurs cien nftei thiiti immitis ot he itiiit at 100° C 

Glucose IS present foi the purpose ot rendering the sol nearlj isotoiue, 
since 0 9 per cent salme solution piodutes immediate tloeculation of the col 
loidal zirconium phosphate Should foreign ions flocculate the colloid, le 
peated extraction of the precipitate «iih the oiiginal aoliime of 5 pci cent gin 
cose solution containing disodmm uid phosphate (0 02411) icsults in colloidal 
rcsuspension of the zirconium phosphatt 

3 Zirconium oxielc peptued in sodium lactate solution 0 5 ml of zir 
column oxjchloiide solution is tili itid to the phenol red end point iiath dilute 
sodium hadroxidc, the hidratid /iiconium oxide centrifuged out, and the 
snpernate diseaided The prccipit iti is suspended in 2 5 ml of 0 OOSlf sodium 
lactate solution and sh il en tuthi hours to piptize the hadroxide Centrifuga 
tion for three minutes at ~500 G icmoies the largest aggiegates, leasing 
a supeniatant sol that is iisihh cloudi and siioiis a maihed Tnidall effect 
The mechanism piobahh opciatiii in production of this tjTie of colloid, 
aamclj zirconium lactate complex ion foimation is fullj discussed in the next 
section This colloid is mixed with an equal lolunie of 10 pci cent dextiose 
solution liefoio being used in biologic experiments 

•B Anionic Colloids of /neonium and Titiiiim of 1 anjmg Particle Size 
Zirconil ions fonn complexes in aqiuous solutions I'lth taitiato, laetate, and 
citrate ions of such stabilits tlicimodinanucalh as to prcient pi ecipitation of 
the insoluble hidrated ziiconium oxide cicii at lelatneh lugh hydi oxide ion 
concentiations Yttiium ions form complexes hniing similai pioperties inth 
citrate ions 

It has been show n b) Ow eiis and Thomas’ that the addition of such salts 
as Sodium citrate, taitiate or lactate to ziieonium oxide hjdrosols produces 
a marked use in the pH of the hjdrosol This effect is attributed by them to 
the penetration of the micelles bj the organic anions with replacement of 
hjdroxide ions fioui the micelle, resulting in an increase in the free hjdroxide 
ion concentiation in the solution Owens’ has interpreted the conwersion of 
positively charged hadiosols of zirconium oxide to negative sols in the pres 
cnee of added citrate, tartrate, and lactate ions in the light of the above de 
scribed complex ion foianation and has shoim fuither that bi increasing the 
concentiation of the eomplexing ion the colloidal aggregates maj be broken 
down to particles diffusible through collodion membranes 

In our studj of the zirconium In droxide lactate (or tartrate citrate) and 
of the jttrium hydi oxide citrate sa stems it has been found that at a particn 
lar pH (eg, 7 0), bj contiollcd variations of the mole latio of eomplexing 
ion to metal ion added to the solution, aggregates are obtained from the ex 
treme of rapidly sedimenting maeroparticles thiough smaller and smaller 
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Tabif II Vafiations ia CHfjncAL CovrosmoA aad Papticle Size ja the Yttriem 
F iDBOMDE Citrate Sastem IYith Chaagfs in the Mole Katio op 
YTTP iUAr TO Citrate at pH = 7 

[Total Volume = 10 ml Piml pH ~ 7 0 (Phenol Red End Point)] 


1 

1 

! 

1 

i 

ATTFIUM* 
(MILU 
MOLES) 
TOTAL ! 

present 

citrate) 1 

(MILLI 

MOLES) 

TOTAL 

PRESENT 

IIYPROilDE ! 
(jiim 
MOLES) 
BOU^D 

HIDROXIDE 
(MILLI 
MOLES) 
BOUND PER 
MILLIMOLE 

XTTPrUAI 

APPEARANCE OF SOLCTIOS IN TllF FIRST 
THREE HOURS AFTEP 

TITRATION 

1 

02 

MMl 

0 03 

015 


2 i 

02 


0 15 

0 70 

Rapidh sedimenting precipitate with 

3 

02 


0 22 

11 

clear siipernate 

4 

02 

i 

^ 1 

0 07 

0 22 

1 1 

Rapidh sedimenting precipitate with 
clear supernate 

5 1 

02 1 

i 

0 08 

0 22 

1 1 

Rapidh sedimenting precipitate uitli 
clear supernate 

0 

1 

02 

0 09 

0 23 

1 2 

Rapidh sedimenting precipitate vith 
clear supernate 

7 

02 , 

i 

1 

0 10 

0 28 { 

14 

Slowly sedimenting precipitate with su 
pernafe showing moderate Tjoidall 
etfect 

S 

02 

0 015 

0 19 

0 95 

Veri slowlj sedimenting precipitate with 

9 

1 02 

0 125 

0 18 

j 0 90 

1 supernate showing marked Tyndall 

! effect 

10 

02 

0 138 1 

0 18 

0 90 

[intense Tyndall effect in supernate with 
! minima! quantitj of lerj slowly set 

tling precipitate 

11 

02 

0 15 

0 IS 

0 90 

Moderate Tjoidall effect, no precipitate 

32 

02 

0 20 

! 0 15 

i 0 75 

Faint Tmdall effect , no precipitate 

Clear solution, no precipitate 

13 

02 

0 25 

0 10 

0 50 

14 

02 

1 0 30 

' 0 063 

0 31 

Clear solution , no precipitate 

15 ' 

02 

1 0 35 

j 0 035 

! 018 

Clear solution, no piecipitate 

16 

02 

' 0 40 

0 013 

0 065 

Clear solution , no precipitate 

17 

02 

0 45 

0 0084 

0 042 

Clear solution, no precipitate 

Clear solution, no precipitate 

18 

02 

0 50 

0 0056 

0 028 

19 

02 

0 55 

0 0016 

0 0080 

Clear solution , no precipitate 

SO 

02 

0 60 

0 00 

0 000 

Clear solution, no precipitate 


• Vdded a« a solution of j ttrium nitrate in mtei 
tAdOed as sodium citrate solution 

Fioni the data in Table II it is seen that on reaching the ratio citiate/jttriuni = 3 there 
is no hjdroxide bound bi jttrium As nouid be expected from equilibrium considerations this 
continues to be the case at eten Iiigher citrate/jttrium ratios 


paiticles to aggiegates ivliose sols (oi solutions) no lougei give a Tyndall 
effect In any one of these pieparations, the nunihei of moles of hydio\ide ion 
bound pel mole of metal (ziicomum oj yttimm) vanes ivith the nnmbei of 
moles of complexing ion piesent Table JI gives the titiation values (moles 
hydi oxide bound pei mole vttuum) foi jttniim in the piesence of vanous 
total quantities of citiate ions (bound plus fiee) at pH 7 At the mole intio 
vttimm/citiate = 2, and at pH 7, ivlieie 14 moles of hydi oxide are bound 
pet mole of yttnum one obtains lapidly sedimenting maciopai tides As the 
citiate/ittiium mole latio is laised, the numhei of moles of hydi oxide hound 
pel mole of yttnum deei eases sharph, and simultaneously the aggiegate size 
diops fiom paiticles sedimenting lapidij, thiough those sedimenting moie and 
moie sloulv then thioiigh those uhose sols show an intense Tindall effect 
ivithout sedimentation at fields of ~ 2,000 G domi to those nhose sols (oi 
solutions) pi oduee no Tyndall efieet Similai data for the j ttnum-hydroxide 
eitiate si stem at a final pH of ~ 8 3 (phenolphthalem end point) are giien m 

Table H 
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1 \BLE III I AFIATION IN ClIIMlCM CoMl-OSITION ^^U PaPTICI I SIZE IN THE 'iTTRIUM 

lIiiiitoNiDL CiTPVTi System With chances in the Mole Ratio oi 

iTTriLM TO CITUME NT I H = 8 Z 

[Totnl Nolume = 10 uil Finnl pll ^83 (Plicnolphtlialcin Lnil Point)] 



^TmL^^ 
(MILII 1 
MOILS) j 
Toru 
rrESENT 

CITlwVTL 
(Mini 1 
MOIES) ; 
TOT\L 
irrsisT 

innroviDi 
(Mil l I 
Mons) 
mu M» 

(Mini 
MOl LS) 
ROI NO I LK 
MIt 1 IMOl I- 
MTPIl M 

\IIfAl\NCL OI SOLUTION IN THE URST 
THREE HOOTS ATTER 

TITRATION 

1 

U J 

0 0 

0 ld<> 

1 8S 


- 

03 

0 025 : 

0 10. 

1 1 Oh 

JltilJidU * 11.(111110011115 precipitate, Mith 
faint Tjmliill cftcLt in hupiriintt. 

3 

02 

0 Od 

0 il4 

1 1 

((apKll} ‘ledinicntin^ precipitate plus 
strong Tindall elTcct in supernnte 

4 

0- 

U Old 

0 300 

1 1 jO 

No precipitate liquid shoirs strong 
ixndnll elTect 

5 

«- 

0 10 1 

0_ S 1 

I to 1 

No precipitate no Tindall effect in 

G 

0 _ 

0 IJo 1 

0 _bs 1 

1 y 

lupnd 



0 Id 

0.4) 


No precipitate no Tvndall effect in 
liquid 

S , 

0 2 

0 17d , 

0_4O 1 

1 -t 1 

No precipitate no Tjndall effect in 
liquid 

9 

0- 

0 20 

Owl) 1 

1 JO 

No precipitate no Tnidall effect in 
iKluul 

No precipitate, no T\ndnll effect m 
hquiii 

10 ; 

02 

0 2j 

0 2-0 1 

1 

1 14 

11 

0 2 

0 30 

0 23 . 1 

1 IG 

No precipitate no Findnll effect in 
IkjukI 

No precipitate no T\ndnll effect in 
lupnd 

No precipitate no TMidnll effect in 
' liquid 

No precipitate no T\ ndall effect in 
liquid 

P 

0- 

0 3d 

0 

] 10 

13 

02 1 

0 40 

' 0-1 

I OS 

14 

0 2 

045 

O.IS 

1 00 

lu 

0 2 

OdO 

0 -Oj 

1 02 

No precipitate no Inidall cffct,t in 

)h]Ui(! 

No precipitate, no Tindall effect in 

liquid 

No precipitate no Tindall effect in 

Jupiid 

16 

0 2 

100 

' 0 -04 

I 02 

1( 

02 

4 00 

0 HS 

0 04 


On coHipniiiig- (Iita iii Tnlile 11 ivitli that in Table 111 it is seen that the 
hjilroMile bindiiit to jttiniiii is much moic stable at pH 8 3 than at pH 7 0, 
so thit at the highei pH eieii with citnte/jttiium ratios of 20 1, theie is 
still approMiiiateh 1 millimole hj dioxide bound pei millimole of yttrium 
lurthei, oil eompaiiiig the pioducts obtained at anj paitieulai citiatc/ 
'ttiiinii latio bj I using the ])H fiom 7 0 to 8 3, it is noted thit in addition to 
ehaiiguig the extent of h\ di oxide tttiium binding the paiticle sizes aie 
smallei at pH 8 3 than at pH 7 0 (at kast tluoiigli the laiige of mole latio 
of citratc/Nttiium tiom 1 4 to 1 1) QualitatiNc expciaments leseal that on 
still fiiithei I using thi pH (i e ahoii b 1) a ie„ion is leached uheic the 
aggregate sizt begins a„ iin to incieise with |)H inciease 

It IS CNident fiom tin abo\e mentioned dita that it is ))ossible to piepaie 
colloidal sols whose iiaiticlc sizes mat be made to taij thiough a wide range 
t" nlteimg the citi atc/tttiium molt latio at a paitieulai pH Oi if a partial 
eiti Iti/Nttnum i itio is ehosin out Pan tait iiiitick si/es bj alttiing tht 
Iniiil solution pIT Tht aggitgates obtained by the second of these pioccduics 
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aie chemically diffeient fiom those obtained by the fiist pioeednie, as is eii- 
dent fiom the increased hydio\ide binding at pH 8 3 eompaied with that at 
pH 7 0 Colloids piepaied on the basis of these data may be used to imesti- 
gate both the eftect of paiticle size and of chemical stiiictuie upon such 
physiologic piopeities as blood stieam eleaiance, lapidity of phagocytosis bj 
elements of the letieulo-endothelial system, and site of uptake of the colloids 
in vii 0 

In the ease of ziieonyl ions, in a system mth hj dioxide and citiate, tai- 
tiate, 01 lactate, a set of data siinilai to those foi yttiium may be obtained 
by vaiying the latio of complexmg ions to zireonyl ion at any paiticiilai pH 
One factoi which difieis is that the leaction between ziicoipl ions and hj'- 
droxide ions at loom tempeiatuie and above pioduces some bonds that, once 
foimed, aie veiy sloul}' bioken b)’- back titiation As a lesult, eaie must be 
exeicised in piepaiing colloids of ziieomum to add alkali slowly until ade- 
quate stilling, in the cold, to aioid such an occuiience dining the piocess of 
titrating to the desii ed final pH value 

For seveial im estigations described in the subsequent communication, 
colloidal piepaiations of zueonmm and yttiium piepared aecoiding to the 
above-desciibed piinciples have been used In the ease of both these elements, 
the colloidal paitieles thus piepaied are much smallei than those in the 
piepaiations deseiihed in the section on “lelativelj’- laige paiticle size” 
colloids These lattei sols, piepaied aceoiding to the following diiections, 
show only a faint TindaU eftect, and the paitieles aie nonsedimentible using 
the centiifugal fields obtainable uith oidinaiy centiifuges (2,000 G) Studies 
aie now in pi ogress to obtain a qiiantitatne measine of paiticle sizes in such 
piepaiations as veil as infoimation as to paiticle synimetiy and the extent 
of polx dispel sitj of the sols Poi the piesent the designation of “lelatively 
laige” paitieles and “iiitei mediate” paitieles uill he used without commit- 
ment as to actual paiticle diameteis 

C Prcpajahon of Zncoiunvi-ffydiorij-Laciafe Colloid of “Inieimrdudc” 
Pm tide Size One millilitei of 0 4 jM zuconium oxichloiide solution (contain- 
ing the desiied ziicoiunm ladioisotope) is mixed uith 1 2 ml of 1 OJI sodium 
lactate solution, 1 diop phenol led indieatoi solution is added, and the 
mixtuie diluted to 6 0 ml with uatei This solution is then titiated caiefully 
uith IM NaOS to the phenol red end point, aluays maintaining the tempeia- 
ture neai 0° C On heating this solution at 100° C the indicatoi eoloi i everts 
to yellow After ten minutes at 100° C , the solution is cooled to 0° C and 
again In ought to the phenol red end pomt with NaOH The alternate heating 
and cooling uith lepeated titiation is continued until the end point (coloi) 
pei-sists even aftei ten minutes of heating Tins final solution is then diluted 
to 10 ml heated at 100° C foi ten mimites, and cooled Dtiiing the couisc of 
the titration to the phenol red end pomt it is imperative to aioid additions 
of alkali ulnie the solution is uaim foi leasons picMonsh mentioned in the 
general discussion Colloids pi epai ed aceoi ding to these dn ections maintain 
their oiigmal piopeities at least o\ei a period of tuo months uhen stoied in 
ordman^ rubber-capped Pjnex i essels 
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D Vrcpatatwii of \itnum II i/diory Citrate Colloids 0 5 ml of 0 2JI 
^ (NOj)s solution (ineoipoi itiiig the tlesiicd jttiuim ladioisotope) is mixed wnth 
OIG ml of 0 5JI sodium ciu itc solution, 1 diop iihcnol icd indicatoi is ndded, 
and tlio iiiixtuie diluted to 2 1) ml with wntci Tins solution is heated file min 
utes at 100° C A piecipitatL will loim at tins step, or before heating, but the 
proccdiuo IS tamed on without sopni iting the jnecipitate, which later lesuspends 
spontaneously Tlit solution is llitii titnted with 1 OM NaOII to the phenol 
red end point On i eaelnng tht end point the solution is heated at 100° C foi 
file uiniutes, cooled in ice wntci hath and if the end point has faded, is le 
titrated with sodium Indioxnk Jii coiitiast with the ziiconium pioeedine, 
this retitrntion is neccssaij only once The final solution is diluted to 4 0 
ml and then heated one houi at 100° C m a lubbei capped Pyrex seium bottle 
Such colloidal prepaiations show no change in appeal aiice oi biologic prop 
erties oier a period of font to six months These colloids have been heated as 
long ns eight houis at 100° C w ithoiit dcmoiistintiiig any change in piopeities 

-C Colloids of Lanthanum Siinilai pioccduics haco been utilized to piepaie 
colloids 111 the lanthanum hy dioxide citiatc system, the qualitatue details in 
this system being similar to those ot the yttiium hy dioxide citrate system, but 
with diffei CHOCS existing in the thcniiodyiiamic stability of the bonds imohed 
Since we hayo not yet studied the biolOoie piopeities of lanthanum colloids, 
the detailed cliemical picpaiatioii is not gncii 

F Colloids Containing Coliwibiuin In using the radioisotope Zi’^ (65 day 
half hfc), tlieic is the pioblem of the 35 day Cb'* daughtci Lsotopc to coiisidei 
A chemical scpaiation of the two isotopes can be made, but of eouise the Cb”* 
will soon legiow in the Zi°’ pitpaiation AVe hay e im estigated the ziieonium 
colloids described in this comniuiiicatioii using the Zi®' isotope (inth a stable 
yttiium daughtei), and using cciuilibiiiim mixtuies of Zi” and Cb“ No 
quniititatiy e dilftiences in biologic behavaoi hayc been found, so that foi these 
particulai studies it appeai-s that if the Cb’* isotope (without camel) is ni 
corpoiated into the zucoiiium colloid it shaics the same luetaboho fate as 
does the Zr”° isotope Foi this lenson no sepal ation of these isotopes need 
he made for the paitieular pui poses described in the following comniimica 
tions 

SnaiMARV 

1 For studies concerned wnth sclectiyc localization of ladioisotopes in 
the bone maiiow, liyei, and spleen colloids incoipoiating such isotopes aie 
useful 

2 Colloids of zirconium, eolumbiiim yttiium, and lanthanum haye been 
chosen for study of selectiye localization of colloids because of the ayailability 
of radioisotopes of a yyade innge of iiucleai properties and because of the com 
Paratiyc ease yvith which conti oiled vai rations in ehemical stiuetiiie and 
particle size of colloids containing these elements may be made 

3 The methods foi prcpaiing ziiconium and yttiium colloids of various 
chemical types and ranges of particle size are described A discussion of some 
of the chemical piinciples of these preparative methods is giyen 
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STUDIES ITir COELOIDs COMT \INING EADIOISOTOPES OF 
ITTRIUJI, ZIECONIlUr COLUltBIUM, AND LANTHANUM 

II Thf Controlled Selectixf I oliiifvtion of EADioihOTOPEs of Yttrium, 
Zirconium, vnd Coi umbii m in tuf Bonf JLirrom , Liver, and Spleen 

ErnfstL DoR'iON M V loHV W &0FMVN, MD , Ph D , 

IIiRDiN B Tones, Pii D Lon S Kfiii BA andLeovirdA Walker BS 
BiRKFLII ( ILIF 


INII oni ( TION 

S LIIEAL uoiKci's lm\c nIiuhd iIiiI <citiin eolloiclillj dispeiaed mateiials 
me lemoiecl from the hlomi sin mi In the Inei and spleen Jones 
Yiobel, and Ljons' liaic utili/id Mispeiisioiis of anlndious chiomio phos 
pinte foi the selcefne ii radiation ul the inei ind spleen iiith P’ beta 
particles Gersh ^ denioiistntcd that colloidal ealciiim phosphate is taken 
up hj the Inei and spleen lit stressed the taihiie of lone mairoii phago 
cjtes to take up this eolloid m i its and dogs (though he lefened to possible 
uptake in the mail on of rabbits iiiidoi special conditions) and commented on 
therelatne “lefraetoiincss ’ in gcneial of the bone maiiou as compaied mtli 
liver and spleen uith icspect to the uptaki of colloidal dies fiom the blood 
stream Some histologic dat P indicato lhat Thoiofiast (a colloidal thorium 
(lioNide preparation) is deposited in the bone maiioii as uell os in the Inei 
and spleen, hut no quantitntnc data as to the lelatne distiibution nie avail 
able 

In the preceding communication* the methods foi the piepniation of col 
loids incorpoiatnig ladioisotopes of jitiiiim coliimhuim and zirconium were 
gnen The pieseiif studies aic conecincd with the localization of such colloids 
primanlj in the hone matron oi piimiiih in the spleen and Inei, with an 
inaljais of some of the factors which mat lie lesponsitile for diffeieiiees in 
Idealization 

1 Selective Localization of liaelioisotopcs of /vconimn Columbium and 
Yttrium in the Livei and Spleen — Seicial different coUoids have been studied 
”11 of which show the common piopeiti of localizing in the liver and spleen 
df mice lats and labbits In cvcij case the colloids having this distribution 
”'e those of "relativelj laige” particle size sedimentible in large part in 
drdmarj centnfuges These sols aie fuiliid and pioduce an intense Tyndall 
rffect on illumination Frnthei in general tot the colloids which localize in 
Hie livei and spleen, the disappeaianee rate of intravenously injected colloid 
from the blood stream is rapid, the blood colloid level deci easing approN 
imatelj exponentially with time, the halt tune foi blood clcaianee (and liver 
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Table I Distfibution of I^traveaously Ikjected Zikcomum Colloids of EELATm:L\ 
Lapge Particle Sizes in Mice (Zro- and Cbss Eadioisotopes 
Incoppopated Into Colloid) 


ORGAN 

ZIRCONIUM oxide 
IN DILUTE HNOj 
(1) 

(% INJECTED DOSE)^ 

ZircONIUM PHOS 
PHATE IN DILUTE 
\ a HPOj 
(2) 

(% INJECTED DOSE) 

ZIRCONIUM OXIDE 

IN DILUTE 

SODIUM Lactate 
(3) 

(% INJECTED DOSE) 

Liver plus spleen’* 

07 3 

90 8 

95 0 

Lungs 

06 

09 

Included inth 

Blood 

04 

1 8 

carcass 

07 

Entire remainder of carcass 
including bones 

17 

65 

45 


(1) House sacrificed six minutes after Injection 

(2) House sacrificed tliree minutes after injection 

(3) Mouse sacrificed fi\e minutes after injection 

‘Data on many animals for spleen alone shou uptakes varjing betiieen 1 per cent and 4 
per cent of injected dose 


BLOOD STREAM DISAPPEARANCE FOR ’RELATIVELY LARGE PARTICLE SIZE’ COLLOID IN THE RABBIT 



Fig 1 

and spleen uptake) being in the neighboiliood of oO seconds to 1 minute 
Repiesentatii e distiibution data foi the thiee colloids (1) piieonium oxide 
peptized in mtiic acid, (2) ziiconinm phosphate peptized in disoduim acid 
phosphate and (3) yirconiiiiii oxide in dilute sodium lactate in the mouse aic 
o-iven ni Table I The preparative pioceduie foi these colloids is given m the 
preceding communication 
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In the ease of all of these colloulb the blood disappcaiance cunes show a 
snnil percentage (betuecn 1 and 10 pti cuit) of mole sloavlj cleniing com 
ponents in addition to that componi iit ha\ iiig the Ti of 30 seconds to 1 mm 
utc The methods of pi cp u ation loi these sols are such that polj dispersitj 
of the sols IS expected Sen rat tapes ot cxpeiimeiitnl data lend support to 
the idea that the smallei paitiebs in such polj disperse sols aie lespoiisible 
for the sloavl} cleaiiiig fraction Inst, cxpeiimeiits haae been peifoimed, 
using the mouse, ailicie a colloid haamg ~ 1 pel cent of the total actnity in 
the sloulj disappeaiing Iinition has been eentiifuged to lemoae the larger 
particles 


BLOOD STREAM DISAPPEARANCE FOR INTERMEDIATE PARTICLE SIZE 
COLLOID IN THE RABBIT 



The siipeiiiatant colloid a\as then injected and avas shown to have i 
slowlj disappeaiing fiaetion of ~ 8 pei cent These data appeal to support 
the idea that the smnllei paitieles constitute the sloavlj disappeaiing fiac 
tion Further expeiiments aaith a colloid of ziiconium oxide suspended in 
sodium lactate aa ere done m the rabbit Fig 1 gia es the blood disappearance 
curae* This partioulai pi epai ation has an appieciable peieentage of sloavly 
clearing components in addition to the major fi action of aery rapid blood 
clearance rate 

The rapid disappearance rate cannot be Interpreted as simply due to mlxlnff phenom 
since much evidence accumulated shows that In the rabbit mixing phenomena are of 
neglleibie proportions after one minute The data used In Flff 1 demonstrate rapid disap 
Pearance after this mixing period Figs ^ and 3 demonstrate that mixing phenomena do not 
result in on apparently rapid disappearance curve at times after one minute following Injection 
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BLOOD STREAM DISAPPEARANCE FOR INTERMEDIATE PAR- 
TICLE SI2:E COLLOID IN THE RABBIT 



At tBo iiouii altei injection (A, 1), all the lapidl-i disappeat- 

ing fiactiou had been cleaied, seium Avas collected and the labbit saciificed 
The seinm containing the slow^- djsappeaiing component nas injected into a 
second labbit The second labbit was saciificed aftci its blood had been 
cleaied, and the tissue distiibution ot the colloid ivas dctci mined The data 
aic gn en in Table II 


Tahip n 


OPGAS 


Bone plus ninrron 
Liver 
Spleen 
Muscle 
Lungs 
Kicinei 


WSTBlBOTION 01 ZlECOMUM 
COLLOID lA IMTIVL PVBBIT 
(ISCLLDISG RAPIDLS CLEAPXAO 
PKACTIOA ) 

(9c isarcTED DOSE 
estikf opgvn) 


DISTRIBUTION OP 7IRC0MUM 
ACTIMTI lA AMMAL lAJECTPD 
WITH SERUM PROM INITIAJ 
ANIMAL 

{% INJICTED DOSF IS 
ENTIRE ORGAN) 


93 

43 0 

S5 0 j 

23 0 

32 ! 

30 

3 3 

17 0 

1 0 

--- 

OS 

14 4 
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It IS seen that the livei lecenctl the majoi fi action of the npiclh deal- 
ing colloid, wheiens the hone plus bone niaiiow leceiied the iiiajoi fi action 
of the slowlj clearing colloid component Thus in all the experiments tabu- 
lated (and 111 seieial others loi siinilni colloids) where the colloidal particles 
are relatiielj laigc in si/c scdimeiitibk in laige pait eien with oidinaij 
centrifuges pioducing sols that nio tin bid and demonstiate an intense Tjndal! 
effect we haie found the blood elciiaucc latc to be sen lapid (Tj = 30 see 
nnds to 1 minute) and the site of uptake of the colloid to be the liiei and 
spleen piiiiiniil} I lom the inagiiitiiile of the blood cleaiance late it is certain 
that much of the colloid is eleaied iii a single pissage thiough the livei so 
that foi these colloids the latc of blood flow thiough the Inei relatiie to that 
through the bone niniiow piobabh plais a niajoi lolc in securing locali/ation 
of the colloid 111 the liiei plus spleen latlier than in the bone iiiaiiow Foi 
ihrniiiic phosphate suspensions also it is now known that theie is association 
of relatneh large paitiele si/e lapid blood cleaiance and liiei and spleen 
localization just as wath tlie aboio dcsciibed ziiconiiim colloids The inech 
anisiii responsible foi the lapul uptake bj the Inei and spleen of lelatiielj 
large particles is not act cleai iioi has the significance of fnctois othei than 
particle size alone been eialuated in determining blood cleaiance latc and 
site of uptake of the colloids 

B Selective LocaUeatioii of Radiotsoiopci of /iitoiiiiiiii, Cotiiiiibiiim anil 
1 (triiim Pnmanly in the Hone Matron, unci Scconclaiilij in the Spleen and 
filer — As desciibcd in the pioctding tommuniention anionic colloids ot /ii 
ionium and yttrium iiiaj be iiicpaicd of much smallei paiticle si/e than those 
lust shown to deposit piiiiiauly m the liiei plus spleen These colloids an 
of the rirconiiim hj droxy lactate and the j tti iiim hj di oxj citiate type In 
contrast to the rapid blood cleaiance of the relativclj laige size” aggregates 
these lattei colloids of iiitei mediate particle size aic cleaied much moie slowh 
in the rabbit, rat cat and mouse showing exponential decav fioni the blood 
stream wath half times from 30 to 80 minutes (sec Figs 2 and 3) the colloid ic 
maining qiiantitatn elj in the plasma until cleaied In the labbit, cat, and lat 
the slowlj disappeanng colloids locali/c )iiimaulj in the bone iiiaiiow, with 
spleen and Inei lecening the next highest ciunntiti (all expi eased on specific 
ictnity basis) * The distiilmtion data iii the inbbit foi the zncoiiium 
hidroxj lactate colloid are gnen in Table IV and foi i ttiaum hj droxi citrate 
colloid 111 Table HI In the case of ziiconium and jttiium colloids which lo 
cahze primarilj in the bone niaiiow we find associated these featuies (1) 
particle size much smallei than in those colloids localizing pnniarilj in the 
spleen and Inei (less iiionounced Tjaidall effect nonceiitiifuBibilitv with 
ordmary centrifuges) (2) slow disappcai aiice fioiii the blood stream (Ti = 30 
to 80 minutes contiasted with 30 seconds to 1 minute foi “liver and spleen” 
colloids) 

in 1^” inou L the li\er nnd jl cn take up tlic major fnictlon of tin. lowly tllsajmcar 
ne Colloids although the bone marrow uptikc is greater than for the large p irticle colloids 
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T^UJLE III DlSTPlBUTlON OF lATJLVi LNODSOT INJECTED YTTKIEM H-SDrONY ClTPATE CODLOID 
lA THE Tissues op the Babbit ("lATTErsirDiATE" Particle Size) 

(Half Time for Blood Stream CleiTsmce — 70 mm ) 

(Animal Sacrificed IS After Injection) 

(yoi Tracer — 1 0 c c Injection) 


ORGVN ] 

% 01 INJECTED 

dose in entire 

OPGAV 

% OP injected DOSEf 
PFP GRAM OF TISSVE 
(SPFGIPIG ACTmrY) 

Bone and marrow 

35 0 

0 07 

Bone (rib)*' 



0 21 

Bone ( femur 



oil 

Marrow (mb) , 



0 45 

Marrow (femur) ; 

1 

0 71 

Spleen 1 

10 

0 67 

Liver 1 

45 0 ! 

0 22 

Badnej s | 

1 2 1 

0 056 

Urine (first IS lir after injection) i 

3 6 ! 



Gastroiutestiiial tract 

24 

0 013 

Heart 

012 

0 057 

Ljnapli nodes 

— _ — 

OOl 

Muscle 1 

0 54 

1 0 0003 

Testes 

0 05 

0 006 

Brain 

' 0 02 

0 002 

Lungs 1 

0 53 

0 02 


»It IS difficult meohatncallj to remove all the marroii so that bone specific activities al~ 
ivajs tend to be falsely high when most of the colloid is m the mairoiv 

tThe specific activitj Is the realN significant value foi calculation of Irrafliation fiosc 
received bj a tissue following localization 


As was shown in the pieeecling connnumeation, it is possible to piepaie 
pai tides of different chemical composition (but of the same size laiige) by 
altering the final solution pll at a paitieulai metal lon/complexing ion latio 
m the yttiinni'hydroMde-citiate system 'With quantitative measnie of pai- 


Tvble IV Distribution op iNTB-tvENOUfiLT Injected Zirconiuvi'* Hidpow Lactate Coi 

LoiD IN THE Tissues op the Rabbit 
(Half Tune for Blood Stream Clearance 70 nun ) 

(Animal Sacrificed 24 hr After Injection) 


ORGAN 

Bone and marron 
Bone (femur) 

Marron (femur) 

Spleen 

Liver 

Kidnets 

Heart 

Lungs 

Urine (first 4 hr after injection) 
Muscle 

Lympli nodes (~ 60% of lota)) 

Gastromfostinal tract 

Thymus 

Pituitary 

Adrenals 

Brain 

Eves 


% OF I\JECTED DOSE 
IN FNTIKE ORGAN 

% OP INJECTED POSE 

PER GRAM OP TISSUE 
(SI ECIFIC ACTIVITY) 

44 0 

oil 

1 

0 03 

j 

0 84 

Ts 

0 65 

37 0 

OSS 

2 7 

015 

0 00 1 

0 045 

0 04 i 

0 022 

32 

— — — 

32 

0 0007 

05 


30 

0 018 

0 025 

1 

0 001 

1 

0 003 



0 01 

0 0014 

01 

0 014 


• V mixture of Zia and Cb^ radioisotopes was used in preparation of this colloid The 
fate of Die zirconium collolfi 
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tide sizes of these tjpis, it is plaunal to tij to gam some insight into the pos 
sible effect of \'iiintions m chcmic'il c ompositioii (at the same paiticlc size) 
on hlood sticnm clisappcai met i ite and site of nptnlce of colloids, and thus 
perhaps obtain a cleaici idea of tin mechanism opciatue in selective localiza 
tiou in one clement oi iiiotlui of the icticulo cndothchal system Fiom the 
present data it is not possilili to dttiimino Miietliu oi not polymeiization of 
the slo\\lj disappemng colloids is a nocessai\ piolimmaij to leticuloendo 
thehal deposition oi -whethci the paitielos icmain m the seium at the oiigmal 
size and are slo^s h i cmo^ ed it this size 

C licicniion of 1 ft) non and /uconium Colloids in lissnc Following Initial 
Vptal e— For seici \\ applic itions of such colloids m selectiac inadiation it is 
necessaij to 1 noM to Mint extent the colloids lemain fixed m tissues once 
deposited 


Table a Fxtkst of Petentiov op Itti n m H\aBOx\ Citilite and ZircoviuM Hydrosi 
L.\ct\te CormtDS is Ti!»«ieFS of Dlpositios in the Rabbit 


INJPCTEU POSE STILL PRESENT IN ENTIRE ORGAN 
TTTnu M 1I\DR0X\ I /irCOMUM HlproxY L.VCTITE 
CITI \TF C0LU)1D | COILOIP 


PA\S AFTER INJECTION 


OrOAN 

Z/i 

n 

1 1/0 

1 1 

W^S 

IH^HB 

Done anti marrow 


v3 0 

44 0 




Spleen 1 


04 

13 1 

1 29 

18 


Liver 1 


29 0 





Kulnejs , 

1. 

07 

1 27 

1 20 

1 31 


Lungs 1 


03 






, *pAta In this table ^erf obtalnod by Injectinr; sepnrate rabbits with the colloida and 
*a'‘riflcln{, the animals at tlie stated Umc intervals after Injection. 


Poi the zuconium pliobplntc colloids (laige paiticle tjpe) ni the mouse, 
analysis shows that theie is it ten days after injection 9G 5 pci cent of in 
jected zuconnim in liier plus spleen, 0 3 per cent in the lungs, and 3 3 pei 
cent in the entiie leinaindci of the carcass Comparison of these data wnth 
those foi the same colloid in Table I shows that no significant loss of actiMti 
or change in distribution occuis foi this colloid ovei this time mteiial 
Similar data foi the yttiinm hydroxy citrate and zuconium hydioxy 
lactate "intcimediate paiticlo size" colloids are gii en in Table V 

Excretion data m the labbit show negligible losses of yttrium colloid via 
the nnne after the first da\ xvliile y_ to \ per cent of the injected dose is lost 
<laily iia the feces 

Except foi a possible tiend toward slow loss of activity from the livei, 
itps seen that the hulk of the yttrium and zirconium colloids tend to remain 
localized at the site of deposition, at least for the periods of time given in 
Table V 

■D Experimental and Iheiapeuiic Applications — ^For expeiiraental work 
requiring specific niadntion of the Incr, spleen, oi hone maiiow or com 
fnnations of these organs the colloids desciibed are useful AVith the range 
nf short and long ii\ed i adioisotopes of yttiium, zirconium, and columbium 




312 


DOBSOK, GOFAIAX, JONES, ICELLY, \ND WALiKER 


available and with the evidence piesented that colloids incoipoiating such 
isotopes mav be letained in tissues of deposition for at least seveial weeks, it is 
possible to achieve continuous specific ii radiation of tissue at any desired 
intensity level eithei foi shoit oi long peiiods of time 

In ceitain neoplastic diseases of the hematopoietic system, as the leu- 
eemias, myelomas, or othei neoplasms im olving the livei or bone marrow, 
and in polycythemia, the theiapeutie use of yttiium oi zirconium colloids 
seems feasible With these colloids iiradiation is localized in thiee tissues 
vhile minimizing tlie iiiadiation of othei tissues With a lange of half lives 
of beta-emitting isotopes fiom 17 0 houis to 65 days, one may have a gieat 
latitude in choosing duiation and intensity of theiapeutie iiiadiation A 
clinical eimliidtion of these colloids, ivith incoipoiated ladioisotopes, is now 
being made both vath lespect to tissue distribution in human beings and with 
respect to theiapeutie efficacy in polycythemia, the leucemias, and ceitain 
othei selected diseases While no gieat diffeiences fiom other foims of radia- 
tion theiapy aie anticipated, it is possible that some impiovement in the man- 
agement of these diseases may result 

SUMMAR\ 

1 Colloids of ziiconium of i datively laige particle size show lapid dis- 
appeaiance fiom the blood stieani (T^ = ~ 30 seconds to 1 minute) and ate 
deposited mainly in the hi ei and spleen 

2 Colloids of smallei particle size, both of zirconium and yttiium, dis- 
appear much moie slowly fiom the blood stream (Tj = 30 to 80 minutes) and 
are deposited piimarily in the bone marrow and spleen, secondarily in the 
liver — the liver specific activity being appiovimately one-third that of 
maiiow 

'3 Both types of colloids, once deposited in these organs, show no signifi- 
cant change in distribution pattern, at least over a period of two to foui 
weeks, and only slow ever etion fi om the body 

4 The distiibution of the colloids and the availability of the isotopes of 
a wide range of nuclear properties render them suitable for experimental 
studies lequiiing specific iiiadiation and foi therapeutic utilization in certain 
diseases 
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Ai\ J \I>] RIJIL^T \L bT[ D\ OP TIIL LFFLCT OF ZIRCONIUJI AND 
SODIUJr CITKiTF TREATAfKNT ON THE METABOLISM 
OF PLUTOMOt -VND RADIOS TTRIUM 

I h S( IIUDFKT, Pn D 
( iiicACO III 

ISTItODlTtTIO'. 

T he imitme pnicissm" iiul liaiulliiit ot laigc and c\ei lucreasing quaiiti 
ties of 1 idiot lenipnts iit now in iilinlitj ^\ hen these ndioelemeiits find 
then \taj into the liod\ this mas i inst ndiation iiijnn in a iiianiiei similar 
to ndmm lioisoning Intcinnlli fi\ed ndioeleiiients lie of special concein 
suite the aniouiits needed to pioiliici iiijiiii are tiifling compired mth the 
quantities necevsin to cause equnaleiit damage from evternal sourees of 
radiation Most ot tlitse puttntiilli daiigeioiis ladioelemeiits aie metals 
The pill pose of this and snlisetpunt studies is the deielopnient of rapid, safe, 
and cfTcotnc pioceduics foi me it ising the elimination of potentially haim 
fill radtoelements which haie g lined eiitij into the bodj The magnitude 
and natuie of the jiiolilems nnohed hue been desciilied ablj bv Hamilton 
and associates ' ’ 

It has been postulated and shown that the e\cietion of eeitain metallic 
elements fixed in the liodj should he iiieieased following the administration 
of lelatiielj large amounts of the soluble salts of certain othei metals The 
citrate salt of ziieomuin when gneii to lats was found to cause a consider 
able ineiease in the uiinaij excietion of plutomum and a large deeiease in 
the amount of plutonium deposited in the skeleton An investigation of the 
effects of ziieonmm citrate and salts of othei metals on the excretion and dis 
tnliution of a laige varietj of radioelements is now being conducted in this 
laboiatoiv The piesent study provides a diiect compaiisoii of the verj 
inniked displacing action of ziicoiiunii citrate on plutonium (Pu and 
vttiium (lt“’) Since A"' is a beta emitter and Pn an alpha eniittei, it was 
advantageous to administei these elements simnltniieously and to analjze foi 
each element diiectlj in the presence of the othei without the neeessitr of 
rairjnig out anv eheniieal sepaiations 

EXPFRIVIENTVL 

General Procedure '! — The experiments described in this papei utilized 
200 gram Sprague Davvlej female ints and a growing mongrel dog Experi 
mental details which i elate to the dog will be desciibed later The rats were 
kept individuallj in metabolism cages which were especiallj constiucted to 
facilitate the dailj collection of urine and feces separately All injections 

F'rom the Medical and BIolo&> of the Argonne National Laborator> 

This papei Is based on work performed under Contract Ko V, 31 101 eng 38 
Heoehetl for publication No\ 17 1348 
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weie Diade by the intiapeiitoiieal loiite Eight lats iieie given a single injec- 
tion of 2 0 mi of the Pu-®'' plus Y®^ solution Thiity minutes later thiee of 
the animals ueie aclministeied 4 0 ml of the ziieoniuni citiate solution (a total 
of 514 mg as Zi) and two otheis neie giien 4 0 ml of a 5 pei cent sodium 
citiate solution (eaity tieatment) Of the remaining thiee contiol lats, one 
was given 4 0 ml of the ziieonium citiate solution seventy-two houis aftei 
the ddministi ation of the ladioelements (late tieatment) 

The lats weie saciiticed six days after leeeiving the ladioelements The 
liiei, spleen, kidnej's, femuis, and caieass were analyzed sepaiately 

Eadioclement 8oluiio7i — -The ladioelement solution was at a pH of 5 6 
and had the following composition per milhlitei 40 /tg of +4 Pu®®® (2 7 x W 
counts per minute undei the eoimtmg conditions), 2 3 /iC of Y®^ (13 x 10® 
counts pel minute undei the counting conditions), 2 per cent citiie acid, 0 15M 
in Na'^ and 0 05M in CP 

Pj 62^07 afw)i of the Zircoimnn C7t7aie Sohihon — The zii comum was con- 
leited to a soluble citiate comiilex foim The solution of this complex salt is 
stable towaid wide changes in temperature, pH, dilution, and to phosphate 
ion A 100 ml batch is piepaied as follons To 18 ml of a filteied solution 
of ziieonyl ehloiide (ZiOClj) containing 130 to 140 mg as Zi per millilitei 
add, nhile stiinng, 80 ml of a 12 5 pei cent solution by weight of sodium 
citiate, NasCGHjO. 2 H 2 O A precipitate uhich fiist forms, piesumably zir- 
comum hydi oxide, subsequently dissolves Tno millibters of a 20 pei cent 
solution of NaOH aie added and the ziicomum citiate solution is filteied 
thiough quantitative filtei paper The final solution is cleai and coloiless It 
has a pH of 3 and contains about 25 mg as Zi per milliliter and the equiva- 
lent sodium and citiic acid concentration of a 10 pei cent sodium citiate solu- 
tion Because of its hypei tonicity (~1 IM in 2sV) it is adiisable to dilute the 
solution at least 1 1 mth distilled watei, as was done in the present experi- 
ment Foi intravenous injection a fourfold dilution juelding a near isotonic 
solution and 6 mg as Zi pei milblitei is piefeiable 


T^miF I Excbetiox of Zircomum iv Hats Follovtxg Imraperitoneai AI)’^mvIS^PATIO^ oi 

Zircontom; Citrate 


DAYS EDAPSED 
AFTER FirST zr 
INJECTION 

Ol 
1 2 
23 

3 i 

4 S 

j 6 

7S 
9 10 
11-12 
13 14 


i TOTAL MG AKJ> PER CENT OF TOTAL INJECTED DOSE OF ZR 

KATS INJECTED VITH 

100 MG ZK OX 0 ANT) 3KD DAY 

PvATS IN-JECTLD WITH 

50 SIG ZP ON 0 AND 1st DAY 

uria-t: 

FECES 

^ URINE 

FECES 

MG ( % 

MG I % 

mg 1 % 

MG 1 % 
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Tlic yircoiimm :n tins solution is psit of on anion complex and the appio\ 
iiiinto foimuin of the ehel ikd compound* formed is Na [ZrO(Con 507 )] 

Exaction of yitconimn — In a stpnritc expciimcnt the exoietioii late 
of the ziiconnini eitnto uas studied (Table I) Within the tli-st tuentj four 
hours following the administntion of ziieonium citntc, the bulk of the dose is 
evereted in the uiiiie The iiiahses foi zucoiiiuiii wcie iinde be giaeimetiic 
method 111 uhith the phosplisto ot ziiconium is piecipititcd from 10 per cent 
sulfuric noid ’ 

Toxicilij of Zticotmim and Olftei Metals — In rats the zucoinum citiatc 
salt appeal's to ho iiiiiociious and docs not seem to result in ehroiiic intOMcation * 
Large ficijiiciit doses ns hi_li as 1 3 Gin per Inlogiain os Zi did not cause an} 
dciths Im cstigitioiis witli i similar citintc salt of zirconium showed that 
the LD n foi acute toxic Icnis is 1 7 ( m ss Zi '' As much as 3 C Gm per Inlo 
gram of /i IS tolciatcd In nts when sdministeicd once dailj in doses of 0 45 
Gm pcrkilognm 

The possibiliti of using I i ( i and Cb foi metil displacement studies 
ms tested Houeicr, it ms found that as little ns 12 mg per kilogram of the 
ehloudcs of La and Co proved fat d to lats within three dajs when gnen intra 
icnouslj Fifti milligiaiiis of < b | oi 1 iloginm in the foim of sodium eolumbato 
ga\e use to simptoms of se\ oio inloxication of a chioiiie iiatine 

Methods of Analysis — Tlu cxtioti and weighed tissues were prepaicd 
for anahsis In repeated ashiii„ with concciiti ated IINOs and 30 pei cent 
II 0 until a white ash lemnined The ash was dissohed in 3JI UNOj and the 
solution tiansfeiied to a loliimetiic flash and made up to volume The 
iiiino samples obtained on the din following ziicoiiiiim admimstiation eon 
tamed a coiisideiablo amount of insoluble oxides of zirconium In such cases 
the solutions weic well shaken befoic an aliquot foi counting was taken so 
as to iiioiiidc a piopoitional amount of the suspended material 

The samples weie assayed foi Y"' actiiitj bj diicctlj coiintiiig a diied 
aliquot thioiigh a thin mica end window Geigci tube The samples foi Pii 
aetnati weie mounted on a IV_ inch platinum disl and the alpha actnitv 
was detei mined m a piopoitional a coiintei The diied sample weights weie 
kept to a minimum in ordei to pi event significant losses through self absoip 
tion Adjustments weie made to insiiie that no Y”' beta aetmtj was beiii„ 
locorded in the alpha counting cnciiit The alpha oi beta activitv in a sample 
Was peiiodicallj lefeiied to a sample fiom the oiigiiial injection solutions 
which were mounted and counted in an identical manner Aliquots of the 
samples fiom the oiiginal iiijcetion solutions weie obtained aftei mal mg 
SCI oral diimiiiv injections into a volinnetiie flask 

HESULTS OBTIINFD VVUTH F VTS 

Comparison of Normal Pu and T Metahohsm — The fact that the Pu and Y 
"ere adiiiinistei ed simultaneously affords a unique oppoitunitj foi directlj 
comparing the metabolism and distiibiition of these elements iindci identical 
circumstances 

The chelnto nature of the compound nnd Its probable formula la based on Information 
kommunlcatott bj Dr Loren C Hurd of the Rohm and Hans Companj Philadelphia Pa 

Actuallj the alt Is sodium zirconji citrate but for our purposes It is con\enIent to refer 
° It as zirconium citrate 
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1 — Effect of zirconium and sodium citrate treatment on the distribution and excretion 
of Pu (I\ ) in rats six dajs after the Intraperltoneal administration of the radloelement. 


excretion of Y The ratio of imnarj to fecal escretion one tlaj aftei injee 
tion Was ahout 20 for Y and about 0 5 foi Pu At the sixth day after injec 
fion the latio was appi oximately 1 for Y and 0 04 for Pu These latios 
emphasize the differences in the nature of the excretion between these two 
elements 

The kidney letamed moie than tiviee as much Y as Pu while the liver re 
tamed ahout eight times more Pu (11 9 per cent and 1 5 pel cent respectn ely) 
The deposition of Pu in the skeleton was 17 times as great as that of Y as 
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DISTRIBUTION AND EXCRETION OF YTTRIUM ( Y®' ) 
IN UNTREATED AND TREATED RATS 


UNTREATED 

CONTROLS 


EARLY SODIUM 
CITRATE 


■ EARLY 
ZIRCONIUM 
CITRATE 


-I LATE 


J ZIRCONIUM 
CITRATE 



Fig 2 — Effect of zirconium and sodium citrate treatment on tlie distribution and e-scretlon of 
Y” in rats six days after the Intraperltoneal administration of the radloelemenL 


inflzeated by the femur content No sigtiiRcant djffeiences in the amounts 
deposited in the spleen yeie found The carcass, which included the pelt, 
muscle, blood, skeleton, and gastrointestinal tiact letained 72 per cent of Pu 
and 62 pei cent of the Y With i aspect to Pu the lesnlts obtained aie in good 
quantitative agreement v ith those reported bj Caiiitt and co-ttorkeis 

The diffeiences m excietion and distiibution bett\een Pu and Y are pioh- 
ahly indicative of the greatei tendency of Pu to become colloidal in the physi- 
ologic pH I egion This point is discussed latei in the papei 

E^cci of Tieatment on the TJiinarij and Fecal Exaction of Pu and Y — 
The over-all distiibution and excietion of plntonmm and jttiium in heated 
and untieafed lats at the end of the six-dav penod aie summaiized in Table 
II and pxesented giaphieallj ni Pigs 1 and 2 The daily excietion lei els are 
shovTi in Figs 3, 4, and 5 Duiing the six-day peiiod the lats lost about 5 
pel cent of their body v eight 
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EFFECT OF ZIRCONIUM AND SODIUM CITRATE TREATMENT ON THE 
DAILY URINARY EXCRETION OF 



0 I 234S60 I 2345601 234 5601 23456 

DAYS ELAPSED FOLLOWING ADMINISTRATION OF PLUTONIUM 
Fig 3 — See text for Information regarding the Injections 


Following a single injection of 514 mg of Zr the uiimij exeietion of 
Fu in the eiilj tieated lafs wns iiici cased from about 1 per cent of the total 
injected dose to about 50 pei cent, a faetoi of 50 At the same time 
the nrinarj oxeietion of Y was incicased fioni about 25 per cent to 60 
Per cent, oi near]} ti\ o and one half fold Of intei est is the fact that 
the nnnai-} e\cretion of Pn (and to a lesser extent of Y) continued to 
tie appreciably greater than that of the contiol animals foi the succeeding 
fne daj's (Figs 3 and 4) The sustained natnic of the heightened xninary 
cxciction of Pu confiims eailiei findings’ 'When a single injection of 51 4 mg 
of Zr was admmisteied three da}s aftei the Pu and Y, the luinary excietion 
of Pn Was still inci eased to a lemarkilile extent namely from 0 08 pei cent 
to more than 5 per cent, a factoi of more than 60 Similarly, the exciction of 
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effect of ZIRCONtUM AND SODIUM CITRATE TREATMENT ON THE 
DAILY URINARY EXCRETION OF Y®' 



-t — ^Ge text for infom\ation legmlinj; the injeetionb 

y AX as incieasecl about teiifokl, M7 0 3 pci cent to 2^/4 pei cent Sodiiini 
citrate did not appeal to significant!} change the iinnai> e\c!etion of 
Pu 01 Y 

The feeal evcretion of Pu oi Y was little affected by 7ueoiiium oi sodiuin 
citiate admimsti ation In the case of Y eailj tieatment inci eased feeal ex- 
cietion In a factor of 2 OAei the six-dav penod while that of Pu as as not sig- 
mficaiith' changed (hhg 5) 

Effcci of Treaimcni on iJie Body Ztisf? dndioii of Pu and i -—The nnionnt 
ot Pu and Y deposited in the skeleton was icmukalils lediited tollossing the 
calls adnumstiatioii of a single inieclion of yiicomuiii citiate The Pu con- 
tent in the femurs deci eased fiom 7 3 pei cent to 1 2 pei cent, a i eduction of 
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EFFECT OF ZIRCONIUM AND SODIUM CITRATE TREATMENT ON THE 
DAILY FECAL EXCRETION OF AND Y®' 



2345601 2345601234560123456 

i ELAPSED FOLLOWING ADMINISTRATION OF RADIOEUEMENT 

Pig 5 — See text Cor Information regarding the Injections 


sitiold, while that of Y tv as decreased from 4 2 pei cent to 1 6 per cent a 
factor of 2 6 In the rats treated with Zr three days after exposure, a small 
decrease in skeletal Pu hut not of skeletal Y was observed The amounts of 
Pu and Y retained by the caicass m the early treated rats tteie leduced by a 
faetoi of about 2 3 

No significant changes in the amounts of Pu and Y deposited in the spleen 
Inei or kidneys tveie found following administration of zirconium citiatc 
111 a previous experiment it was found that the amount of Pu deposited in the 
liver was reduced by a factor of 2 to 3 follovvnng Zr admmistiation Howevei 
the fact that the animals in the previous experiment were saciifieed eighteen 
days after the administration of Pu and Zr may be responsible for the dif 
ference It is of inteiest to add that in the previously repoited expeiiments 
no change in the amount of Pu deposited in the lungs was noted following ad 
ministration of zirconium citinte 

Hamilton and oo walkers' have cairied out expeiiments on the effect of 
zirconium citiate on the distiibiition and excretion of lats injected iiitia 
miisculailv oi iiiti av enously with plutonium oi yttiaum The lesults of these 
expel iments aie in good a gi cement with those lepoi fed hei e 
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DAYS ELAPSED FOLLOWING ADMINISTRATION OF PLUTONIUM 


Pir e Effect of zirconium citrate on the rate of excretion of Pu bj a Kro\\ Ine dog fol- 

lowing intraxenous administration of 0 423 mg of Pu (XV) The zirconium citrate u as glien 
intravenouslj The dog weighed 7 3 kg when injected 115 kg 150 days after the Pu in- 
jection and 12 kg after 890 dais 


RESULTS OBTAINED inTH A GROWING DOG 

A giowmg mongiel dog weighing 7 27 kilogiams was injected mtia- 
icnoiisly on Oct 25, 1945, with 0 423 mg of Pu (0 058 mg pei kilogiam) in 
the foim of nitiate The late of uiinaiy and fecal excietion of Pn iias quite 
lapid duiing the subsequent tuo ueeks and then i cached a neailv constant 
level about thnty days aftei the administration of Pu (Fig 6) Dining the 
tuo weeks immediately following the injection of Pu the dog excieted 11 
pel cent of the injected dose m the uiine and 2 7 pei cent in the feces, oi a 
total of 3 8 pel cent On the thirtieth day aftei the injection the ai erage 
unnarv excietion of Pu was 0 007 pei cent of the injected dose The average 
daily fecal excietion of Pu vas about 0 0085 pei cent and the latio of aveiagc 
urinaiy to fecal excietion u as 0 8 This latio is in substantial agi cement vnth 
data obtained vifh human subjects at thnty days ■= Foin months after injec- 
tion the ininaiy and fecal excietion of Pu vas essentiallv unchanged fiom 
the thnty-dai lalue It is of inteiest to note that at this time the conccntia- 
lion of Pu pel millilitei of circulating blood was 0 02o /ic oi lO- pei cent o 

the injected dose 
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Fne months nflei the dog locened Pu, 2 ntin\enoiis admimstiation of 
small nmoimts of /iiconuim eitinte aias begun At this time the dog's ueight 
lias 115 lilogiams An injection of oiilj 415 ing pei hilogiam of Zi was 
followed hj a definite inciensi m the uiinaij c\cietion of Pu (Iig C) Sub 
sequent laigei doses of ?iiconium citiate indicated that the extent of the 
incieaBO in the cxciction keel ot Pu was piopoitional to the amount of Zi 
injected The incicasc in the exeiction lead was gieatest duiiiig the few dux's 
inimediatelj following the admimstiation of ziieonium citiate How oxer, the 
iiici eased rate of cxeietion w is (ontinucd foi it least two to thiee weeks after 
cessation of Zi tieatniciit I ollowing injections of 415, 7 85, and 15 8 mg 
per kilogiam of Zi the axei i„e pti tent iiicicase in Pu excietion on the tenth 
day aftei each Zi injection was 35 75, niul 1G5 per cent lespectixely Inns 
much ns the dosage lex els of Zi iveie consideiahlj less than the maximal dose, 
prohahlj by a factor of at least 10 to 100 it appeals that the biologic half 
hfe of Pu in the bodj can be ledutcd to a significant extent exen in cases 
of chrome poisoning The fact that the tieated dog had iindtroOnc a 60 per 
cent increase in hodj weight bj the time the zitconnira citrate was admin 
isteied speaks well foi the effoctix eness of the tientment because the burjing 
or oxeilajeiing of the deposited Pu hx ncwlj laid tissue would piobnbly fend 
to deeiease the displacing action of Zi 

Nenilj two and one lulf xoai's after the injection of Pu the urinaij 
excretion lex el had dtoppod to 0 002 per cent of the injected dose This is 
Probahlj lowei than would be the ease if the dog had i cached its full growth 
before receiving plutomum foi the nhox e mentioned reason It is of interest 
to note that injection of 17 mg pci kilogram of Zi at this late date was foi 
lowed bj a twofold incicasc in the uiinaiy excretion of Pu 

The fecal excietion of Pu was starcelj affected bj the admimstiation of 
tircomum citi ate 

DISCUSSION XND OPNEIUXI, THEORETICAL CONSIDEEA’nON'3 

The distribution and excietion of metals aie, in many instances, gieatlj 
dependent upon the loute of adnunistiation the chemical state of the metal 
■md the solvent With metals possessing colloidal tendencies these factors aie 
Oven more eiitical The effcctix encss of zirconium citrate treatment for any one 
metallic radioelcment may xaiy considerablv particularly with those having 
Colloidal tendencies In inteipieting the behaxaoi of cationic elements in the 
'lody It IS necessaiy to consider then chemical properties xeiy closely, es 
PeeialJy those i elating to the formation of hydroxides soluble complex ions, 
ond insoluble compounds 

A radioelement is hound to xaiious tissues by chemical oi physical forces 
or a combination of the two depending on the environment The displacement 
process is essentially an exchange reaction When the exchange reaction is 
lome in iiatuie then the displacing piopcrtx of a cation is dependent ^ on its 
ooncentration, valence and hydiatcd ladins, and bodily distribution The 
lugher the valence and concentration and the smallei the hydrated radius 



324 


SCHUBER'l' 


the gieatei is the displacing ability The ideal cation should combine 
maximum displacing properties -with a minimum toxicity Fuitheimoie, 
its displacing action should be sustained for long peiiods Thus a metallic 
cation which is not destioyed by metabolic piocesses would be piefeiable to 
metabobzable substances such as citiates and acetates 

Some eatiomc i adioelements aie bound to sui faces by insoluble compound 
foimation, as, foi example, wnth bone phosphate In a physical chemical sys- 
tem, and piesumably undei biologic conditions, elements bound in such a 
mannei can be displaced by cations w'hieh foim similai insoluble compounds, 
the degiee of displacement being dependent upon the solubility and concentra- 
tion of the displacing cation lelative to the adsorbed cation Complexmg 
agents facilitate the lemoval pioeess 

Colloids and suspended matter aie often ineieisibly adsorbed by sur- 
faces" In a biologic system the only safe manner foi effective lemoval of 
such substances is through the solubilization action of complexmg agents 
The sbght action of sodium citrate in elevatmg the uiinaiy excietion of Pu 
and Y is probably due to the complexmg action of the citiate ion on the 
otherwnse undiffusible fi actions of these i adioelements A laige part of the 
Pu 111 blood and unne is not ultiatilteiable Howevei, the addition of OOOIM 
citnc acid is followed by a marked mciease m the diffusible fraction of Pu, 
that IS, the foim m which it is available foi excietion thiough the membianes 
of the kidney and bow^el A discussion of the action of citiate ion undei 
physiologic conditions, and with paiticulai lefeience to lead poisoning, is 
given by Kety® The use of complexmg agents such as citiates may be of 
supplemental y value foi lemoimg those ladioelements with which they foim 
veij stable complex ions 

The deposition of the alkaline earths m the bone difteis markedly from 
that of plutonium, yttrium, and zirconium Thus, ladiostrontium is deposited 
mainly m the inmeial stiuctuie of the bone while Pu, Y, and Zi are con- 
centrated 111 the osteoid matrix ' It was not expected, therefore, that zir- 
comum citrate would exert an appieciable displacing action on stiontium m 
Mew of its marked metabolic and chemical differences In expeiiments which 
will be leported at a latei date it was found that no significant increases m the 
uiinary oi fecal excietion of Si iveie obseiied and neither was its con- 
centiation m the bvei or skeleton changed as the lesiilt of ziiconium oi sodium 
citrate admmistratioii 

The most effective pioeeduie foi hastening the lemoval of mobile deposits 
of plutonium oi -vtiiium fiom the body would be to admimstei /iiconium 
citiate at least twice daih oiei an extended period The soonei tieatment is 
begun and the laigei the initial dose, the greatei should be the net i eduction 
m bods content, particulaih m the amount deposited m the skeleton The efiect 
ol oial administration of ziiconium citrate is undei miestigation 

It IS hoped that a con elation of the lesults of these and subsequent metal 
displacement experiments with the chemical and metabolic proper ties of the 
ladioelements invohed will facilitate the deiising of effectne piocedures for 
remoMiig 1 adioelements fiom the body 
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SUMM M \ 

A studj ins made of the effect of a single dose of zii comum citiate on 
the CNCietiou and distubution of plutonimn and ladiojttrium in rats and 
a gioiMiig dog It ms found that oailj adiiiiiiisti itioii of ziicomum citrate 
to nts iiiei cased the CNciction of Pn fioiii 1 pei cent to 50 pei cent and that 
of Y fiom 25 pel cent to GO poi cent of the injected dose during a tiventj four 
hour peiiod The amount of Pu and Y deposited in the skeleton uas reduced 
by factors of G and 2 G lespectiielj No significant changes in the Pu oi Y 
contents of the f cees, In ci spleen oi kidnej ii ei e found 

The administration of ziieonium eitiate to a dog file mouths and tiio 
and one half yeais after e\posuit of Pu uas folloiicd by a sustained increase in 
tho cNcretion rate The extent of the ineieasc iias piopoilional to the dose of 
zirconium citiate 

A discussion is giicn of the chemical concepts iniolicd in appljing metal 
displacement pimciplcs to the rcmoial of ladioactiie metals fiom the bodj 

Tho writer wishes to express his gratitmlc for the technicnl services of Miss P Boykin, 
Miss C Brown, Mr niter Kisielcski, Mrs T McFall, Mr D Bcvinson, Mrs J Tolmach, 
and Mr H "W allnco Jr 

Tho adneo and generous coopcntion of Dr A M Bnics Dr n I isco, Dr M P Finkel, 
Mr E K Eusaoll and Miss M N Sv.ift nre grc'xth appreciated 
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rHE SIGNIFICANCE OP THE AMINO ACID COMPOSITION OF THE 
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T he lien that the nephiotie sindioine is the lesult ot a geiieial mctshohc 
disoidei IS not as yet adeqiiateh suppoited by the evidence, tint tlieic is no 
question among clinicians that the piobleni ot inanaging the disease is a 
metabolic one' Tlie pioblem stated in its simplest teims is to achieve a com- 
pensatoiy lepletion of piotews lost to the ojganism bj excietion into tlie iiiinc 
and abdominal fluid Although the solution of this pioblem may oi iiiai not in 
Itself corieet the piiman cause of the disease, it niaj accomplish a favoiable 
prognosis bi mitigating the hazards ol the concomitant malniitiition To 
lealize the magnitude of the cachexia induced bi this disease, it is onh neccssan 
to lecall that on the basis of Rubnei s values- each giam of piotein lost via tlic 
mme alone is equivalent to a loss of 5 3 Gm of bodi tissue — and a dailv output 
of 25 Gm of uimaiv piotem is not uncommon in nephiotie childien 

In cognizance of this aspect of the disease a vaiieti of piotoins and piotei i 
products have been empuically assayed oially and pnienteially in the theiapy 
of nephiosis ynth \aiyiug degiees of success® ^ ® These offoits have at 

tempted piimaiily to replenish inotein losses by augmenting inotein input 
osei and aboie the amount which can be gnen in the foim of noimaj foods 
Since a similant} in ammo acid patterns of the pioteins adimnisteied and 
those lost lu the biologic fluids duiing the eouise of the discise might icason 
abli affoid a gieatei measuie of compensation than those of dissnmJai pattern 
We hn^e uiidei taken to obtain and lepoit data, heietofmc lacking on the 
amino acid composition of pioteins excreted by cbiidicn afflictccl vitli the 
nephiotie sMuliome In addition to fuimsbing a guide as to the liqiGs of 
pioteins most suitable for dictothciapciitic treatment, these icsults disclose 
(a) that the composition of the uimaiy pioteins vanes vitli the sesenty of tin 
symptoms, (b) that the composition of the pioteins found in the abdominal 
fluid inaA 01 niai not simulate that of the pioteins occuinng siiiniltaneonsh 
m the mine, and (c) that onh m the nnpiosed stages of tlie disease does the 
alhiimm of the mine appioximate the alhnmin of the blood in ammo and fom- 
position 

ExrrmMEXT \i 


‘Since "ne verc concerned primarilv mth determining tlie total qiinntiti of ninino 
ntid** lo^Jt in the excreted proteins is a xihole rather than the xarietx of protein specie'- 
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it u !*< um ulcrtd c\j)((lKnt to \lt frmtioiiite the protein'* tind to forego the nicctic'* of 
olLctro[ilioretic soparntion ^ It rensonable to nasunic that for diototherapeutic in 

terprctatioii'! the overall aimiio acul pattern of the iinnarv proteins irrespective of kind, 
IS the i>rnctical criterion llv the amt token we shall not attempt a detailed classiilcation 
of tlic naturt of the kidnov invohcnient ( onsiderablc disuiiitv of clinical opinion pre 
Milled in several of the cases reported litre regirdinf, tlio extent of glomerular damage 
which coexisted with the nephrotic hvmptoms Differentiation on the basis of nrea clear 
ance could not be iimdc because of tho intonsistencv of these data For our purpose the 
(licmical dat i on the blood and urim provide objective and adequate criteria 

l-ioldUon avd ivnly^f^ of Irnitnts of \tiihrottc Patients — In principle the techniques 
rk (iiliel 1} llilUr nnd co worker have been employed for the separation of tho unnarv 
and nbdoimnnl proteins ami their exptriemes on the relation of the nature of protein mixtures 
evcrctid and severitv of tin di c ise in tlie nlult have been found to apply for the child 

Tlie nniK of the {ivtnnt wa ‘olle t« d and pooled for periods wliicli were considered 
tnticil’' or iinjirovcd ]ilin bv chemu il me isurcments and clinical observations 
Daring iritn il jiorind (eg tin 1 1 no I during wlmh marked nephrotic sjuiptoms were pres 
eat) the albumin globulin i itio of tht unnarv proteins was uniformlj below 3 00 During 
tho perm! of improvement (sub nlmg of mphrotic svmptoms, disappnirance of edema etc) 
the albumin globulin ratio w is found to be 10 0 or above 

To eaOi dnllv eolkrlion of urine was iddod an equal volume of saturitcd ammonium 
nlfate, and tho (ollections wtn pooled for each period usuallj about five daj The clear 

supernat int liquid was siphomsl off into another jar and to tins was added 10 per cent of 

Its volume of 50 per cent trn lilorom eti aeul to precipitate the albumin The precipitate 
from the aiiimonmm ulfite trcitnunt (globulin fraction) was washed three times bv de 

csntition Tlio jireeipitatc ( illmmiiu from the tricliloro icctic acid treatment was washed 

thnsj times in tho same manner witli o jitr cvnt trichloroacetic and Vfter w i hing tlie sus 
ponded proteins were poured into tlio middle compartment of a three chambered elcctroljtic 
cell** and dmJvzed to remove inorganK impuntic Vftcr dialjsis each peeimen was collected 
ni a 2jn ce lentrifuge cup and washed bj dispersion in water and dried bv successive sus 
Ifn ion in 50 per cent 7o per cent and absolute acetone centrifuging nml decanting after 
each w The proti in was «lriol overnight in tho 50 oven ground to a fine powder, and 

slorid in small tiglitl) ^topperod bottles 

In sonu urines of the improvi I ptno I a pronpitate was obtained after treatment 
With aiiimoimnii sulfate ns do cribcil which was found not to be globulin but nlmost pure 
uric acid the c urines contained albumin 

From tin individual protein samples so prepared, lOO rag portions were removed for 
moisture nnd ash determinations two 25 mg aliquots were removed for micro Kjeldahl de 
terminations t, *,00 nig portion was hvdroljzed with 10 per cent NaOII for tho tryptophane 
dctormin ition, nnd a 2 Gm portion was hydrolyzed with 6N HCl in tlie usual manner for the 
determination of other ammo acids 

Tlio proteins of the abdominal fluids were prepirel and analyzed in the same nmmicr 
as the unnarv proteins 

REbULTb 

In Talilc I arc collected the ammo acid dati on the nnnary pioteins of fom 
ehildien who had n long histoiv of ncpliiosis and died of the disease aftei these 
studies vvcic done 

EMmination of the analvtical lesiilts discloses that on the basis of ammo 
ncul contour the uriniiv albumin nnd globulin are distinct piotein fractions 
ITowcvei the uiinaiy nlhumin nnd globulin fiom patients Sm nnd Te which 
‘ccniicd 111 neaih the same albumin globulin latio arc somewhat similar in 
iinino acid composition whcieus tlie piotem fiactions fiom patient Dd which 
''fio domed fioin unnos of a lowoi albunim ^Inbulin intio contain more 
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nigminc, /3 hJclro^.^ n immo mtiogcn and tiyptophane The possibilitj that 
the evcretion of dififetent ilbumins and globulins as indicated bj their ammo 
acid composition piedomiaates at diffeient stages of the disease is further 
indicated by the data obtained bj the analyses of the ininarj proteins of 
patient As n ho passed through an improicd” peiiod before his death The 
accord of the ammo acid pattern of the uimary albumin and globulin of 
“critical” periods I and II of this patient and those of patient Dd which were 
obtained from nniies haiing approaimatch the same albumin globulin ratios 
IS surprising 

Folloning critical peiiod I as indicated bv chemical studies and climcal 
obsen ations, the condition of patient As improi cd either spontaneously or 
because of the administration of 50 to CO Gm daily of an enzymatic digest 
of laetalbumin (Edamiii, Sheffield) The analyses of the urinary proteins 
durmg this "improied” period disclosed the absence of globulin and the 
presence of an albumin f i action qiutc different m ammo acid composition from 
the albiimm of the patient isolatid from the urine of eiitieal period I The 
doyvnivard shifts in the aiginme phenylalamne, and /Shydio-ey a ammo 
nitrogen are the most significant Subsequently the patient relapsed, into 
entioal peiiod II, despite the continued administration of Edamin, and, ns 
noted, the composition of the minary piotoins letuined to that of the piotems 

Table II Analtses of UriwAny PaoTEiNe op NErnronc Patiems IVno Hecoteted 


(The ammo acid values arc given as per coat ammo acid N of total N) 


PATIENT, SEX, AND AGE AT ONSET 

or NEPHROSIS 

! M , MAI E 2 2 

MO MALE £0 TT 

CUnical coudition 

1 Critical ! 

1 Improved 

Improved 

Tune from onset of nephrotic | 

25 




92 

symptoms (vrlv ) 


i 





iilood constituents 







Cholesterol (mg %) 

980 


377 


247 

Ammo N (mg % j 

81 

72 

7 

■ S 

Ifonprotcin N (mg %) | 

4S 

1 

30 


32 

Hemoglobm (Qm %) 1 

75 

98 

119 

Total plasma protein (Qm ' 


2 

59 

66 

A (i ratio 

03 1 

1 1 

1 0 

Urinary proteins 







Average daily output f'Gm 1 

35 

15 

09 

Total proteins (Gm %) 

08 

04 


Average A Q ratio 

1 33 

10 5 

1 12 0 


ALBUMIN j 

OLonur m 

ALBUMIN 

OLOBUrJN 

A1.BU2UN 

GLOBULIN 

•W content fcoxr \ {<7r,\ 

13 3 

13 7 

13 5 


13 9 1 


Moisture (%) 

86 

51 

83 


66 ; 


Ash (%) ' 

00 

05 

04 

Only 

03 ' 

Only 

nydroIyBatcs 







Amino K 

79 3 

74 8 

72 2 


76 8 i 


Arginine 

11 0 

117 

10 3 


9b 1 


HiaUdine 

66 

54 

63 


60 : 


Methionine 

1 7 

25 

10 1 

traces 

1 8 1 

traces 

Cystine 

55 

26 

47 


; 46 1 


Phenylalanine 

45 

32 

30 


1 24 1 


Tyrosine 

9 9 . 

24 

20 


1 8 


IsoleuGine 

23 

36 

21 

1 present 

1C 

I present 

hydroxy a ammo N 

! 39 

! 62 

07 


0 7 


. Tryptophane 

' 18 

1 26 

15 


15 

1 
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of the ciitical pexiod I Howevei, dtiiing the coiuse of making mine collec- 
tions foi ciitical peiiod Id, a twenty-foiii horn mine collection was loiind to 
foim a lieaiy white pieeipitate This was leinoved by centrifugation and 
found to consist of almost puie piotein, wheieas the supernatant mine was 
liec ol jnotcin Solubiliti tests slioued the substance to be insoluble m 
watci, 10 pel cent NaCl, and 10 pci cent HCl, but leadih soluble ni 10 pci cent 
NaOn It could be ic.idily piecipitated fioni the alkaline solution by the 
addition of 20 ])ci cent tiichloioacetie acid oi satin ated ainmomum suliatc 
On the basis of these solubility chaiacteiistics this pioteni would apjieai to be 
an albmninoid This single specimen was puiified by electiodialysis and 
the analjtical lesults weie listed under ciitical peiiod III, the collection foi 
ciitical peiiod IT ivas natuially teimiiiated with the pieceding tiveiity-fom 
houi collection Subsequently the condition of the patient rapidly became 
woise so that fuithei tiventj^-fom houi collections could not be made Frac- 
lionai collections showed no evidence of tins pioteni The analyses of this 
allninnnoid showed it to be quite sinnlai to the gloliulm of cutical peiiod If 
vith the exception of the lowei isoleiicine and Inghei ^-hydiow a-amino 
nitiogen i allies 

In Table II aie collected the data on two patients ivho leeoveied fioni the 
disease and aie at this wilting, two yeais latei, alive and well It is to be 
noted that the ciitical peiiod minaiy pioteins of patient AI which ivere isolated 
fiom mines having an aveiage albmnm globulin latio of 3 3 aie not unlike 
those of Sm and Te (Table I) vliicli weie obtained fiom mine having 
albumin globulin latios of 2 73 and 2 65 respectiveh The albumin secured 
fiom the mine of this patient on Ins nnpiovement and that of patient kic 
(Table IT) whose ciitical peiiod collections weie lost aie to be coinpaied with 


Tabie tit CoMi osiTios OP \sciTic Pi lii> Pi oteiss of Nephrotic Patiexts 
(The nnino tcuI iilues iie gnen ns per cent nmino ncid N of totnl N) 


lATIENl, SEX, AXD AGE AT 
OR SET OF NEPHROSIS 


FEMAL E, 4 0 1 P 
Criticnl 
4,500 

0 15 

1 n 


AS , JIALE, 1 8 1 P 
Critic il II 
4,420 

0 47 

1 61 


Clinic it condition 
Fluid loliime (c c ) 

Tot il proteins (Gin %) 
A G 1 itio 


Nitrogen content (lOir) (%) 
Moistuie (%) 

Asli (%) 

Hidrolj sates 

Ammo N 

ATgiiiinc 

Histidine 

Iiletliionme 

Cistine 

Phennlnlniiine 

Twosine 

j8 Indroxi a nniiiio N 
Tnptoplinne 



1 (fOBVim 1 


1 rronuriN 

14 1 

141 

13 5 

12 0 

SO 

9 6 

3 1 

2 8 

07 

00 

0 8 

0 8 

70 2 

74 8 

68 4 

71 1 

121 

99 

12 7 

12 9 

66 

49 

65 

69 

0 7 

23 

1 9 

1 8 

33 

16 

41 

34 

5 7 

4 S 

45 

3 6 

2 5 

23 

23 

23 

24 

75 

45 

7 2 

22 

3 3 

2 1 

30 
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the allmmiii o£ patient As (Table I) dining the iiiipioied peiiod It mil be 
olisened tint the niiiiiio luiil pitteiiis of these thiee diffeieiit iiioteiii speei 
mens me iii leinnil able eoiiieuleiiei llic ngimiie phein Ininiiiiie /3 hidioxi 
(t nmiiio iiitiogeii and tiipto])li me lonteiit o£ these nlbiiimii fnctions is 
sigiiifiemitlj and niiifoiiiih lomi linn that of the albumin fiactioiis collected 
duiiii„ the eiitienl peiiods Indeed the iininio acid composition of this albumin 
snmilntes that of sciiim nlbiimiii These patients also iieie giieii 50 to 00 
(ml of Jyd imiii daih and then leeoieii iiiiii oi iiiai not hue been influeneed 
111 this thcrapi 

In nidii to moie completelj assess the pioteiii losses dining ncpliiosis 
lie also analiped the aseitie fluid seemed bi abdoniinal tapping of tiio of 
the patients eoincidentlj mth the designated mine eollectioii peiiods 
Scnitnii of these aiialitical lesults (lablt III) discloses that the albumin 
and globulin of the ascitic fluid ol Dd iihieh has onli one tenth the total 
piotem eoncenti ation as the eoiiesponding mine me not oiilj jiresent m a 
different albumin globulin latio fiom that of the iiiinaiv pioteins (Table I) 
hut also as might be espeeted fiom the foiegoing findings possess a lastli 
diffeient amino acid configui ation The ascitie fluid from As iihieh has 
about one thud the piotem eoncenti ation as the eoiiesponding in me pool con 
tains inoteiiis uhieh on the basis of amino acid composition aie quite similai 
to those of the mine and as might he anticipated, the alhuimn and globulin 
latios of the tiio fluids aie in good aceoid These ohseivatioiis suggest that 
the species of pioteiiis iihuh filter into the abdominal cautj are not neces 
saiil> identical iiifli those filtcinig into the mine The quantitatiie and 
qiinlitatiie dispantj oi similaiiti of the piotems occmiing m these fluids 
probnbli leflects the nature and cstent of the existing kidney damage 

It IS olnious that the laliditj of the deductions made regal ding the 
similitude oi dissimilitude of the pioteins desciibed heietofore is senouslj 
limited lij the lack of data on the amino acids foi ivliieh no quantitatiie 
measuiements iicic made Ihis deficiency aiose piimaiilj fiom the lack of 
adequate chemical methods Hoivcici ive iiere able by means of papei 
chromatograms ' to asceitnm, inthin the limits of this technique, the geneial 
distiibutioii of the other ammo acids Thus it ivas found that the lysine eon 
tent of the albumin and glolnilin piepaiatioiis fiom the critical iieiiods of all 
patients iveie about the same and both iieie much highei than the albumin 
of the nnpioied peiiod No maiked diffeiciice in the distiibution of all the 
othei ammo acids of eitliei the globulin oi ilbumm finetiniis could be detected 

DISCUSSION 

It IS eiadent from the results presented heie that the dietotherapeutic tieat 
iiicnt of iiepliiosis must take cognizance of the kind and amount of protein 
lost during the course of the disease The high pioteimiiia of the ciiticnl peiiod 
not onlj iniolves a greatei loss of pioteins than the benign peiiod but also a 
loss of liighei qualitj pioteins as indicated In then gientei content of essential 
ammo acids ITence the nutritional stress is qiinlifntneh fai gieatei than the 
setiial qiiaiititj of excieted piotems denotes 
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Table IV Comparison of the Amino Acid Composition op Human Blood Proteins 
Cow’s ]\IiLK Pfoteins, and Hrinarv Proteins op Nephrosis ’ 


(All values are gi\en m grains amino acid per 100 Gm protem) 


AMINO ACID 

■URINARY 

PPOTEINS 

HUMAN 

plasma proteins 

(BRAND22) 

HUMAN 

GLOBIN* 

CASEIN 

(AMI 

GEN*) 

laotal 

BUMIN 

(EDA 

MIN*) 

ALBU 

StIN 

GLOB 
UI IN 

AliBU 

MIN 

y 

GLOB 

ULIN 

1 P 

\ GIOB 

1 ULIN 

a 

GLOB 

ULIN 

FIBFIN 

OGEN 

Arginine 

54 

55 

62 

48 

68 

77 

7 9 

33 

24 

3 2 

Histidine 

34 

31 

3 5 

25 

28 

2 8 

2 8 

3 5 

3 0 

3 1 

Methionine 

28 

35 

1 3 

1 1 

1 7 

14 

25 

2 5 

25 

26 

Cystine 

54 

37 

56 

24 

34 

15 

23 

03 

04 

1 2 

Phenjlalanine 

5 9 

71 

7 8 

46 

4 7 

4 6 

42 

61 

48 

37 

Tyrosine 

45 

40 

47 

68 

60 

45 

58 

27 

09 

37 

Isoleucme 

3 3 

53 

1 7 

27 

50 

17 

48 

1 0 

4 6 

41 

Tryptophane 

1 8 

2 7 

(02) 

29 

20 

1 9 

3 3 

1 2 

24 

23 


•These ammo acid lalues i\ere obtained in this laboratorj b> the use of the same methods 
emplojed for the analvses of the urmarj proteins 


On the basis of oiu evidence, it seems that some suggestions can he made as 
to the land of pioteins oi ammo acid mi\tuies winch might be expected to 
alleviate bettei the ammo acid depletion induced by the disease Thus, if we 
compile the aveiage composition of uiinary proteins collected duimg the critical 
phases of the disease (albumin globulin ratios 1 68 to 3 30) and compaie these 
ammo acid values mth those of piotems which have been employed m the treat- 
ment of nephrosis, a measure of then possible efficacy can be gained (Table IV) 
It is eleai from these data that none of the human blood piotems provide 
ammo acids m the general pattern m ivhieh they occiii m the uimaiy 
piotems ^ ® Attention is called to the methionine, isoleucme, and trytophane 

deficiencies of plasma albumin, the methionine, cj'stme, phenvlalanme, and 
isoleucme deficiencies of the globiilms, and the cystine and phenylalanine de 
ficiencies of fibiiriogen Human glohm is poor in cj^stine and isoleucme by 
comparison vutli urinary albumin and globulin Turning to the milk proteins 
we find that casein (Amigeii) is laclang m cystme, phenylalanine, and tyrosine,* 
whereas lactalbumm (Bdamm) is low only m cystine and phenylalanme Of 
course any protem given in large enough quantities will compensate foi the 
urinary protem losses, but tins practice mvolves the administration of large 
quantities of unnecessary ammo acids which the already metabolicallj’' em- 
barrassed organism must degiade and theieby mevitably augment the prevail- 
ing high blood nonpiotem nitrogen beyond the hmits of tolerance In view of 
these considerations it would seem more reasonable to assay the value of avail- 
able digests ’which have been supplemented iiuth pure amino acids to simulate 
the ammo acid configuration of the urinary piotems 

In addition to this piaetical application, these findings also seive to 
answer in pait the question of the origin of the proteins excieted in nephiosis 
A comparison of the amino acid composition of the uiinaiy piotems and the 
normal blood piotems (Table IV) indicates that neithei the uiinary albumin 
or glohulm of the critical period could arise lespectively fiom the plasma 
albumin oi any mixtuie of the plasma globulins This leads to the surmise 
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that the hj'popioteinomm of nephrosis docs not lesnlt pnmaiih fiom t loss 
of blood proteins into the nnne bnt fiom the lelegntion of Tmino neicls to the 
fornntion. of the ahennnt proteins ’\\hich me excietcd into the nnne and 
ahdoinma] cantj 


SUMMARY 

Amnio acid anahsos of the proteins found lu the lumc and abdoinmal 
c«uit> of patients sufTciing from nophiosis rc\eal that the nnnai> albumin and 
globulin liaie a different ammo aeid pattern from the plasma albumin and 
globulin Tins finding suggests that the hjpoproteincmia of the disease is due 
to tho utih/ntioii of 'inimo acids for the foimation of the aberiant proteins oc 
cuimig m the cxcrctoi’j fluids lathci than the cxeietion of nomai blood pro 
terns Tlic fuithcr suggestion is made that piotcin picpaiations mIucIi simulate 
the ammo acid patterns of the iiunan piotenis be assayed in the dictothcrap\ 
of the disease 

Wo arc rerj gratofulb jnleblol to Dr George TIu'’«nn Pr John Birmingham and 
Pr Selma 0 &m<lorman of the (luHreji s Medj(«ai bemeo for the nioihcal circ of the 
patients 
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NUTRITIONAL STATUS AND INFECTION RESPONSE 

II ULrcTropHORETio CmcunTiNC Plasha Pbotpin, Hesiwologio, IIf’m\to 
lOIPTIC, ^^D PiTIIOIOOIC Rl>rONsrS to 5I\COB\CTERin'\I TUBEROULOSISi 
(H37RV) I^F^CTIo^ in the Proti in Deficient R \t 
J iCK Mitcoif, 11 S II D Dorotiia Dvkiing JI S, Dork Wilson, B Sc 
AncfloLipi aid iND I J Stirf MD.PiiD 
Boston 11 \ss 

introduction 

T he concept tlint inalmitiition inoicisos siiseeptibilitc oi lecluces lesistanec 
to tulieiciilosis gained impetus altei the AA'oild AA'^ni of 1914 to 1918 In 
(leased nioitnliti in Liuope to tiilicic iilosis duiing tint peiiod nas asciilied 
In eiiidcmiologie infcientc laigeH to iiutiitioiial defieicncies — paiticulailj de 
piuition oi pioteins and tats' ‘ ‘ These epidemiologic ohsemtions Inte 
not heen suppoited In coiitiolkd Hbouiton c\pciiments An ndcqintc on 
pcunicntnl appioath howccei is difficult to lehicce foi thionic tuhcrculasis 
oceiiiiing m man is somcuhat diftcicnt Horn the discsso piodiiced in e\peii 
mental animals 

Since a multiplicitj of faetois undouhtedlc nifluenco the susccptibiliti , 
resistance, and coui’se of tubeiculosis it seemed desinblc to appioich espeii 
mentallj the pioblcni of dietm defieieiict in lehtion to lesistance to and eouise 
of this disease be using an otdinanh losistant animal species The albino lat 
was cliosen since its diet could be well esaluated It has a relatisel} high le 
sistance to e\peiimental tuhcieulosis AVhen ippropiiateK infected In tiiulent 
strains of tuheiele bacilli gianulomatous lesions occui although lats laiciv die 
of the disease Employment of the lat in the study of pioblems associated 
with tubeiculosis is not unique •* Scteial of these studies weie con 
coined with the influence of nutiitional faetois upon eNpeiiiiiental tubeiculo 
SIS'" 12 * 6 31 21 37 11 ) II with the effect of piotein deficienec "" * 

Because of the curicnt iiiteiest icgaiding the lelation of piotein deficiciicc 
to infection response stimulated be Cannon *’ “ it seemed desiiable to lesiew 
this particulai phase of the tuberculosLs pioblem utiliAing moie rccentlj asail 
able techniques Accoidniglj contiolled studies weie done embiacing seieial 
concomitant phases of physiologic and pathologic responses to tubeiculoiis in 
fection and piotein deficienei — including growth food consumption, the con 
ccntration total ciicnlating, and clcctiophoietie disti ibiitioii ot plasma pioteiiis 
hematologic and hematopoietic a iriatioiis, and histologic tissue icsponse AA^ell 
iiouiished and chioiiicalh piotein deficient lats, as well as animals with sub 
sequcntly supeiimposed acute scveic protein deputation weie studied 

, From the Department of Nutrition Har\ard School of Public Health and Departments 
i-rf'g'al Mefllcine and Biological Chemistrj Hazard Medical bcliool 
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METHOD'S 

In. prGiiminarj experiments, consistent infection was obtained and physiologic and 
pathologic responses were noted In this experiment, snxtyfour young, growing, male, Slier 
man strain rats (GO to 70 grams) were used These were isolated in indnidual ware mesh 
cages and kept in a room maintained at 75° F After an initial seven day acclimatis-ation 
period on a basal 18 per cent casein diet,* the animals ivere diiaded into too major diet 
groups Thirty one rats were continued on the basal 18 per cent casein diet Thirty tliree 
rats were reduced to an 8 per cent casein diet * After tn o weeks on these control and 
moderately protein deficient diets, the animals nere divided into experimental groups and 
inoculated as follows 


DIET 


18% protein lei el 
8% protein level 


INFECTED 


19 

20 


Gpoap 

NONINEECTED 

Heat killed Diet control no 

organisms organisms 

6 6 

6 7 


Infection was accomplished by direct intrajuglar injection of 0 05 c c of a suspension 
containing 0 1 mg of a young culture of virulent, x lable, human strain (H37IIV) bacilli t 
A similar suspension of heat killed organisms was mjected mtrajugularly as an infection and 
tissue response control procedure A third group of animals served solely as diet controls 
Four weeks (twenty eight days) after infection and six weeks after the experimental diets 
were begun, approximately half the remaining infected and control animals of each diet group 
were reduced acutely to a 2 per cent casein level Blood samples for the various studies 
were drawn from an appropriate sample of the respective diet groups prior to infection 
and before groups of animals were sacrificed at fourteen, twentv eight, forty two, and fifty 
eight days after infection One milligram of old tuberculin (0 T ) was injected intra 
cutaneously in all rats forty eight hours prior to sacrifice 

'The experimental diets were isocaloric and similar to those used in previously reported 
studies Thej had the following composition 


DIET COMPOSITION PEE 100 GM PJtTION 


FOOD 

ADEQUATE RATION 
(18% CASEIN) 

MODERATELT 
DEFICIENT RATION 
(8% CASEIN) 

DEFICIENT RATION 
(2% CASEIN) 

Casein 

18 Gm 

8 Gm 

2 

Gm 

Sucrose 

73 Gm 

83 Gm 

89 

Gm 

Mazola 

5 Gm 

E Gm 

5 

Gm 

Phillips & Harts salts 

4 Gm 

4 Gm 

4 

Gm 

C> Stine 

0 2 Gm 

0 2 Gm 

0 2 

Gm 

Thiamine Cl 

200 y 

ZOO y 

400 

7 

Pyrldoxme 

200 7 

200 V 

400 

7 

Riboflavin 

400 7 

400 7 

800 

7 

Niacin 

2 5 mg 

2 5 mg 

5 0 

mg 

Ca pantothenate 

1 5 mg 

1 5 mg 

3 0 

mg 

Choiine Cl 

100 mg 

100 mg 

200 

mg 

Inositol 

100 mg 

100 mg 

200 

mg 

Biotin 

50 7 

50 7 

100 

7 


to 34 milligrams 

■iThe subculture used was derived from the original strain isolated in 1904 *’ The via- 
Viiutv of tlie subculture was satisfactorilj demonstrated bj inoculation of flye guinea pigs with 
k tmrteen-dav subculture grown in a liquid medium*' After several animal passages a Dubos 
media voung (seven-da>) growth representing a flftli subcu ture was removed from the media 
bv eentrifulatlon washed three times with Kmgers solution and weighed The organisms 
were resuspended in Ringers solution An even suspension containing 0 1 mg per 0 05 c c was 

for infection A similar heat-killed suspension was prepared bv autoclaving The heat- 
tfilpd ofcanfsms retained morphologic characteristics In the preliminarv experiments bacilli 
mile i^cmered from infected tissue cultured and subsequent^ inoculated into guinea pigs 
producing the tjpical disease pattern in these susceptible animals 




NUTRITION \I STATUS VND INFECTION IlESPONSL 


S37 


Ilcmo^lobin (ox\ljcnioRlobin ) ua detcrmiiicO the Klett Sunimerson photoelectric 
colorimeter (using’ a 540 ni;i filler) The relative coll volume i\ns calculated from it -*8 
Total leucocyte and differential counts i^ere done b\ the u'uial methods Total plasma 
protein concentration nas deterniinod fjra\ imetncnll^ bj the copper sulfate method 
Blood volume partition studios, using' £\aii s> blue d\e T 1824 and a modified single sample 
photoelectric microcolonmctric technique's wero done concurrentlv ^Mth the abo\cmen 
tioned concentration determinations Unit circulating jirotein and hemoglobin \alues were 
readily calculated b^ adjusting total \olumos to a unit surface area (milliliters per 100 
cro S A ) 50 

Sera from the sacrificed animal were pooled be groups for electrophoretic analyses 
Flectrophoreses were earned out o\or a 1-0 minute period in a modified Tiselius apparatus, 
according to the technique of the Deportment of Plnsical Chemistr\ si Owing to poor 
light transmission of the djed pi i nm a 1 > per cent prottin concentration was found more 
practical than prcMOUslj used 2 per cent toncciitrations No significant lanation in 
pattern composition Mould bo evpecte] to re ult from this more dilute protein concentra 
tion The I 5 per cent solution Mas obtained bi dilution Mith ni]d diahzntion against, 
Sodium diethi Ibarbiturato buffer of pH So and 01 ionic strength Jfobilities were calcu 
lated from the descending boundar\ patterns of fixe times cnlJtrged schlieren diagrams 
Compositional data repre ent an axirng derued from planimetnc resolution of both 
ascending and descending boundarx pitterns evcluding the delta and epsilon boundary 
anomalies 

Bone nmrroxv imprints^^ >\erc obtained from the distal diaphjseal third of the left 
femur when the animals xvoro sacrificed Eight to ten consccutne imprints ■were made on 
each of three coxcr slips In addition to the usual Afnx Crunwald Giosma stains, occasional 
section^ were stained wUU the Ziohl Nool en technique Cxtologic da sification and group 
ing were asprexiouslj do«cribcd< 

At specified intcrxals infected and control animals xrere Killed bx ether anesthesia and 
all xiscera grosslj oxamined The tissues xxere then fixed in ZenKer acetic fixative for 
twentj four hours and washed in tap xxntor for a similar period, atfp paraffin blocKs wore 
prepared Eoutine sections xxere made of lungs tracheobronchial nodes, )ieart, lixer, spleen, 
kidneys, adrenals, testes, and skin at the site of inoculation xxath O T The intestine, 
pancreas, and mesenteric nodes of a fexx nninmls were sectioiicd af random All sections 
were stained xxith cosin methj lene blue and xvherc indipated, duplicate sections were 
stained bj the Ziehl Ncolsen technique for tubercle bacilb in tissubs 

RESUliTS ^ 

f Pathology — 

0 Gross Examtnatt07i 

At autopsy no significant gross changes were noted m the noninfected rats, regardles 
of dietarj status Sexernl rats died spontaneously of intercurrent infection or trauma 
incident to cardiac puncture The latter procedure frequently accounted for focal pul 
monary hemorrhage An occa zonal intorcurrent infection of the Jungs obscured gross 
lesions commoiilx exident in expenmentally infected animals, 54 but did not interfere with 
the demonstration of Mycohacteritm tuberculosis m the tissues Specific gross lesions were 
consistently demonstrable m lungs and spleen of infected animals In several control rats, 
^hite specks (microscopically identified ns lymphoid ti *!ue) dottcxl the pleural surfaces of 
the lungs, these nodules usually xxere not greater than 0 5 mm in diameter No appreciable 
pathologic differences existed between control and infected animals at txxo weeks How 
ever as the postinfection period lengthened <imooth, slightly elevated grav white opaque 
nodules became conspicuous and progressively larger on the pleural surfaces of the lungs of 
infected rats These nodules attained an average diameter of 2 mm eight weeks after 
infection 
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I n)W Fig 1C 

1 (x310) Non'jpeciflc ahcolitis "Mam lUeolai phagocjtes but no nodule formation A frequent finding in contiol animals 2, 

(X‘i20) Atelectatic lung Fe\N histioc\ tes but no speciflc pxttern 3 (X240 ) Focus of inti a-ah eolar nodule formation resulting fiom 
toilCi'Cence of histlocv te'? manx of uhlch are slioun in photograph J (X'590) Nodule \xith eaiK central necrosis but no tiue caseation 



NUlI nj()\ \l "Mil 


\ \l> IM J t IION I hsi 0\Sf- 


343 




344 


metcofp, dakling, otlson, lapi, and stare 


In infected animals rounding of the normally sharp borders of the spleen resulted 
from diffuse enlargement to approximately fnice normal size at the end of eight weeks of 
infection Tiny, poorlj defined, pinhead sized nodules projected slightlj above the surface, 
and the entire organ assumed an opaque translucencj resembling glazed orange rind 

Varjing degrees of iniolution of the thjmus were noted in all animals after pubes 
cence The skin of the abdomen at the site of tuberculin inoculation showed slight indura 
tion and a drj, brown crusting in many of the control as well as infected animals after 
fortj eight hours No erjthoma was noted at the peripherj of the indurated area in any 
animal Sj stemic reactions due to injection of tuberculin-c. si, is were not observed 

i Microscopio Examination — Nomnfected Animals 

A. study of the histology of the organs of thirtj joung control rata revealed several 
anatomical characteristics which merit brief comment 

Lymphoid Tissue Ljanphoid tissue was widelj distributed throughout the lung 
parenchyma where it assumed the form of peribronchial and perivascular “collars ’’ 
Occasional!} , in these zones, well dev eloped germinal centers formed large nodules The 
tracheobronchial nodes were well developed, in some instances with prominent primary 
and secondarj follicles The Ijanphoid tissue of the spleen was characteristically dense, 
particular!} the Malpighian follicles in which large, clearlv demarcated secondary follicles 
were consistentlv present In otlier organs, such ns the liver, l}Tnphoid tissue was less 
conspicuous, usuall} consisting of aggregates of Ijmphocjtes and macrophages adjacent 
to the trabeculae 

Lungs The lungs of all rats commonlj revealed large cells liaving small, round or oval 
vesicular nuclei and evtremel} pale cytoplasm frequent]}, the cjtoplasm was identified 
only b} the demarcating cell membrane, occasionally it appeared unusuallj foamj These 
colls were either present in alveolar septa or lying free in alveolar air spaces In the 
septa, they appeared closel} associated with Ijmphoid tissue In the air spaces, they 
rather closel} resembled the alveolar phagocjtes, or heart failure cells, often seen in human 
lungs These cells are thought to pla} an important role in the reaction of the rat to infec 
tion with Myco tuherculosis so 

Liner An inconstant, though frequent, degenerative change was noted in the livers 
of rats subjected to severe dietary protein deficiency Hepatocellular degeneration was 
evident in the peripheral areas of the lobules It was characterized by liv er cell swelling, 
C} toplasmic rarefaction, frequent liyperchromatism of nuclei, and a conspicuous cell 
membrane Because of the cellular swelling, the sinusoids in these areas seemed obliterated 
Basophilic granules (presumablj representing ribonucleic aoidssi •'<>, stj were displaced pe 
ripherally in the cjtoplasm of less severely involved cells and had disappeared entirely in 
cells showing advanced swelling and rarefaction Similar hepatic cell changes have been 
noted in both dogs and rats as a result of protein deficient diets -a. so In this laboratory, 
such lesions have subsequentlv been produced within three dajs in rots on a protein free 
diet 01 

c Microscopic Examination — Infected Animals 

Lymphoid Tissue In contrast to the findings of Lange and Simmonds,io lesions m the 
tracheobronchial Ivmph nodes usuallj seemed tp be uniformlj distributed throughout the 
cortical and niedullarj portions and consisted of discrete nodules made up of eight to 
twelve epithelioid cells which had coalesced As in the lungs, no progression of lesions 
beyond this stage was observed Lesions similar to those of the tracheobronchial nodes 
were found in the spleen These pnncipall} occurred in germinal centers of Malpighian 
follicles, although frequentlv epithelioid cell nodules were seen in the red pulp Ljmpho 
cytes were relativel} rare adjacent to the lesions Neither necrosis nor coalescence of 
nodules was observed 

Lungs The smallest tuberculous lesion consisted of a group of three or four epithe 
bold cells which had coalesced to form a svncytial nodule These epithelioid cells seemed 
identical with those desenbed as alveolar phagocjtes in manv of the control animals 
(Vis 1 ) The coalesced cell nodules usuallj could not be characterized as tj-pical Langhans' 
pant cells since the nuclei remained well defined and central Occasional tj-pical Langhans' 
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cells were noted In mnn} instnn es Ic ions were rcgulnrlj dispo ed beneath the pleura at 
intervals of 2 to 3 mm , froqueuth in or near peribronclinl or perivascular Ijmphoid ti'ssue 
Host lesions showed a few Ivmphocvtos and macrojibagcs at their margins Occasionally 
a ring of Ivinphocvtts surrounded the Lpithelioid cell nodule In most instances this 
arrangement could bo seen to result from tlio multicentric development in l^miphatic* or 
l>mphoid tissue of epithelioid cell nodules which compressed the intervening lymphocytes 

Progres ion of the Ic ion from tins stage consisted merely of coale cence of the c 
syncytial raa«»'jcs into larger noduks constituting n mosaic (Iig 1) An occasional cpithe 
bold cell contained a rather pale nucleus and more eosinophilic cytoplasm than was evident 
in neighboring cell , but frank necrosis was not noted in any lesion Ivo further tendency 
tovrnrd regression or localization of ie ions (eg wnlJed off or circumscribed by iibroblnstic 
proliferation) was noted after eight weeks of infection than was evident one week after 
infection 

I-uer In the liver similar but rclativolv fewer lesions than were found in the lungs, 
tracheobronchial nodes, or spleen were noted Clmractensticallj the lesions were in or 
very near the trabeculae and usually consisted of n single epithelioid cell nodule of sue to 
ten cells surrounded bv a narrow zone of Ivmphocvtes and a few macrophages In one rat, 
larger lesions compo'^ed of coalescent nodules were noted (Fig 1) 

Kidneys Kidnev legions were encountered in two rat One occurred in the cortex 
and the other in a renal p ipilla Both k ions were similar to those usually found in the 
lungs and liver and consisted of several coalescent epithelioid cell nodules, cacli surrounded 
hy a narrow zone of Ivmphocytos and macrophages 

Testes The single lesion found in one testicle was similar to those noted elsewhere 
No lesions were found in the intestine or adrenals Exudates wero present only in 
the erous cavities of two animals winch died spontaneously of intercurrent infection 

Skin All animals irrespective of infection or dietary status 'howed considerable reac 
tioa to 0 T injected latracutaccoush Den e round cell infiltration consisting largely of 
niacropliages and Ivanphocvtc occurred in the deeper livers of the dermis and subcutaneous 
tissues m most rats Edema and slight hemorrhage were commonly seen m the subcutaneous 
tissues at the site of injection Local ulceration of the skin was more consistently present 
m infected and chronically protein deficient animals than in any other group A few neu 
trophiles invariably were seen near the base of such ulcerations 

Organisms In most lesions tubercle bacilli wero found in large numbers (Table I) 
and could often be seen under low power (Fig 1) Most commonly, organisms were found 


Table I Estijiated Average Incidence* of Tobefcle Bacilu in Tissues of Infected Eats 


WEEKS 

AFTER 

INFEO 

TION 

NUaiBEr OF 
ANIMALS PER 
OPOUP 

LUNG 

PERIBRONCHIAL 

NODES 

LIVEE 

SPLEEN 

DEFI 

ClENTt 

1 CON 
TPOLt 

1 DEFI 
CILNT 

CON 

TROL 

DEFI 1 
CIENT 1 

1 CON 

1 TROL 

DEFI 1 
' CIENT 

CON 

TROL 

DEFI j 
' OIENT 1 

CON 

Tpor 

2 

6b 

() 

+ +f 

+ + + 

+ +*> 

+ -1-+* 

+ +b 

+ -^ 

+ 4b 

+ -I- + 

4 

6 

5 


+ ■¥ 

+ -H* 

+ + + 


+ +1 


+ +a 

C8 

4 

3 

-Hi 


+b 

+a 

0 

0 

+‘> 


C 8t 

4 

6 

+d 

+b 


+ 

n 

0 

+b 

+ + 


Graded on basis of 0 to +-I- + 

0 = No orffaniims seen 

+ = Organisms found after protracted search 
+ + = Organisms found readily but not In great numbers 
+ + + = Many organisms 

tOeflclent refers to 8 per cent casein diet control 18 per cent casein 
JBoth 8 per cent and 18 per cent reduced to 2 per cent casein at four weeks thus repre 
sentlng a aupierimposed deficiency 

a Tissues of one animal in this group revealed no organisms 
b Tissues of two animals In this group revealed no organisms 
c Tissues of three animals In this group revealed no organisms 
d Tissues of only one animal In this group revealed organisms after search 

L) mphatlc tissue denoted presence of germinal centers 
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^Mtliiii the nodules foimed lj\ co ilesciiif; epithelioid cells In the liuigSj hoii 

e\ei, tliti Mere ilso fiequeiitli eiicouiiteied in single mononucle ir plngocttic colls sitinted 
along the margins of the aheolir air spaces Intr icellular, acid fast debus often Mas 
piesent in epithelioid cell nodules oi in single il\ eolar plngoci tos iihen organisms ivere 
not leadih found u The aieiage incidence of bacilli in tissues cxaniinel histologicalU 



■) Alterations in bocU weight ad libitum ration consumption and estimated ni- 

trogen and caloiic intakes associated iMtli tuberculous infection and diet protein deficiencj ns 
coinpared with noninfected and diet controls 

appeared to decrease rather inaikedh within six to eight weeks after infection was 
initiitcd Organisms seemed most peisistent in perihronchi il nodes ind spleen Kiel 

differences exerted no striking influence upon the persistence of organisms in tissues (Tihlc 
II Rather r ipid disappearance or dissolution of liacilli in the rat has been prei lousli 
noted -- SI, 3 " 30 10 Difforences in diet bate been thought to influence the per 
sistcnce of lesions or bacilli In some,2c so, 34, 3- not bv others m ■" 





iNimaTION \I Slirus WDIMICIION 


S-^1 

21 Giowth — 

Calo)ic and N^i^Of/c}l Consumption AVcielit inciemcnts of 3 to 5 gi lUis 
pti (lax on the initnl contiol diets icpicstnt aii adequate giowth i itc loi this 
age, st\, nnd stiain lat on this 16 pti cent casein diet "Weiglit gam incieincnt 
witli inciensing age was ulati\el\ c\poncntial Kats subjected to somewliat 
deficient nitio^cii intal es (b pei cent casein diets) continued to glow but at a 
fonsiderabh slowei latc thin did (ontiols A wciglit inclement of 1 5 to 2 
^rams pei dn\ followed initiation of the S pci cent diet and within nine wcehs 
diminished to a -0 2 to 1 0 „i iin pci da\ inclement Supeiimposition of se\eic 
piotcni deficiency lesidtcd m i jnogicssiych gieifei weight loss in the jne 
MousU well nouiishcd annuals Infection icsultcd in no appaicnt distiubmcc 
of oiowth latcs iriespcetnc of dut 

Total lation consumed (,.rams lui twonti foui lioiiis pci lit) was some 
wliit gic ilci at an IS jici cent th m il in b pci cent diet piotem Ic\cl (12 to 
lb leisus 9 to I*} (iiii pel twenty tom houis) TJic unit ealoiic int ikc (pei 100 
^1 iin lit pci twenty foui lioui-s) y\ is siimlai it botli Jcycls of piotcm intake 
(21 to 45 calorics) TIu unit c done int ike diminished with incicasing iieC 
Tile estimated nitiogcii int ike i uued tioni 1^0 to 300 mg lutiogcn pci 100 
pinm int per twenty foui Iiouis in tlic well noiuashed and 75 to 130 mg nitio 
gen pei 100 gi ini lat pci twenty four horn's in the modeiatciy deficient lats 
Rats witli supeiimposed seycie (2 pci cent piotcm) deficiency consumed 15 to 
30 mg nitiogcn poi 100 giani lat pei twenty foui horns Infection induced no 
altention in ad libitum food consumption The similaiity of unit cnloiic and 
nitio^cn intakes at both diet piotcm levels su,«gcsts that pan fed inanition con 
tioUhdi ut not esscnti il in tlusy c\pciiments (1 ig 2 ) 

2II Jilood Studies — 

Noun il Mduos foi hcmorslolnn Icucocylc and jdasma jnotciu conuntiations 
m 1 its of tills ige sc\ iiid stiain li ivc been picyiously lejioilcd^ ' Inlection 
pei sc did not losult in si,.nificant nltoiations in tlie conccnti itioiis of tlicsc 
' ujoiis coinpoiieiits (Taiile IT) 

Total Leueoiijic and Diffcicntuil Counts Total leucocyte couiils did not 
‘Appeal to be icniaiJ ably iltcicd as i icsult of eitliei inlection oi mocleiatc 
dietai-j piotcm deficiency The contiol animal counts in gcnoi il tended to be 
^hglitlj liighei than lepoitecl noimal yalucs foi other lat stiams They wcic 
coasistent with values ranging from 10 to 20 000 AV B C pei cubic niillinictci 
Jiotcd m rats of the same age st\ iml stiam on identical diets lepoiftd in a pic 
vious cxpeiiinent ^ The i mge of cst ibhshcd noimal’ values for i at diiTcicnti d 
counts IS rathei laige The slight mtcrgioup variations noted were well within 
the established range The data suggest a tendency tow aid lelative poh 
morplionucle u leucoc\tosis witli coiiclative Ijmphopenia m both well nouiislied 
Tiid model iteh defidcnt ids within twenty eight jiostmfcction davs This 
tcmluicj y\as ncithci (onstaiit noi piisistciit Tew monocytes y\eie usually 
ohsoiyul in peiipheial snicns 1 initions in those elements yyoic iiCr,Iigihk 
Accordingly, the theory of monocyte Ivanpliocytc icsponse as reflected m the 
pciipheial blood m oxpciimental tiibciculosis® ® could not bo cyaluatcd 
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Table II Aaekagl Coacentration Variations of Bi 


OOD 


DA\S OF INFECTION 


DIFT group 


IMECTION STATUS 


NUMBER OF AMMAIS 


Hemoglobm-'O 
(Hb = Gm /lOO c c ) 
12 20 ± 0 9 - 15 1 ± 0 3 
Tots! protem''0 
(TP =: Gm /lOO c c ) 
6 60 + 0 1 - 8 07 ± 0 07l 
Loucoejte Counts s 
( W B C /mm 3 m thou 
smds) 

8 - 15,000^ 

Pol\ morphonuclear 
leucocj tes'is 
(7o) 

i - 25% 

Lymphocj tesis 

(%) 

75 95% 


PREINFECTION PFPIODI 


1S% 


CONTROL 


S% 


CONTROL 


15 5 


7 26 


12 1 


15 


15 3 


10 


18 3 


12 


86 


1 

14 

DANS 



18% 

8% 


infected! 

1 control 

infected 

1 CONTROI 

infected 

CONTROL 

4 1 

* 3 

5 

1 3 

4 

3 

15 2 

15 4 

141 

14 2 

15 6 

16 7 

8 22 

7 0S , 

6 81 

6 87 

8 09 

7 09 

22 1 

24 0 

26 8 

26 4 

32 2 

17 7 

13 

11 

15 

1 

14 

22 

15 

84 

85 

83 

82 

78 

83 


*SIighUv higher total Ipucocjte counts have been obsened m the control rats of this sex and strain 
tRats previouslv maintained on IS per cent casein diet reduced to 2 per cent casein at tuentj eight 
JRats previousij maintained on 8 per cent casein diet reduced to tuo per cent casein at tuenty-clght 


Hemoglobin Hemoglobin ooncentiation tallies foi lats of tins age, se\, 
stiain, and diet hate been established’® Obseited values shotted no significant 
tariation from ‘'noimal” iirespective of dietaiy and/oi infection status Sig- 
nificant changes in available eiiculating hemoglobin are fiequenllj' masked by 
lack of appal ent change in concentration This phenomenon has been demon- 
stiated previously in lelation to piotiacted modeiate protein deficiency Com- 
parison of initial (pieinfcction) and final (foity-two to fifty-eight dajs later) 
tallies of unit eiiculating blood volume and hemoglobin (Table III) suggests 
that a significant diminution of both attended piotein deficiencj iriespective 


TjVble III AtLRVGF Variations of Circuiatim 


DATS OF infection 


DIET GROUP 


INFECTION STATUS 


NUNIBEB OP ANIilALS* 


Surface area (SA — cm 2 ) 

Total blood volume (cc) 
Ilnit blood volume (BV„ = 
c c /lOO cm 2 SA) 

Unit ciiculafemg hemoglobin 
(CHba = Gm/BV„) 
Total plasma volume (c c ) 
Unit plasma volume (PV„ 

= cc/100 cm2 SA) 

Unit circulating protein 
(CP,. = Gm/FV„) 


PREIN FECTION 


POSTINFECTION PERIOD 


14 DATS 


18% 

8% 

18% 

8% 

18% 

control 

CONTROL 

INFECTED 

CONTf OJ 

INFECTED 

COhiTPOl 

INFECTED 

CON TRW' 

8 

8 

4 

3 

5 

0 

4 

3 , 

275 1 241 6 

11 5 15 3 

4 18 5 28 

0 65 0 82 

6 25 6 93 

2 27 2 70 

018 0 21 

310 0 260 7 

15 9 10 3 

5 01 3 95 

0 76 0 61 

7 29 5 63 

2 77 216 

0 23 0 15 

278 0 268 2 

12 6 10 9 

4 49 4 07 

0 63 0 57 

7 33 6 34 

2 62 2 37 

0 IS 0 16 

334 5 278 4 

13 2 10 1 

3 95 3 03 

0 62 0 00 

709 377 

2 12 1 81 

0 17 015 


POSTIN I FCTIO' 


•In general each 
one rat individuals 


animal was subjected to one plasma volume study 


IThrnumher of animals contributing to each mean Is smAll standard devHtlons from control mean, 

follows BVt = ± 1 07-2 48 BVu = ± 0 51-^ 


) 57 CHbu = ± 0 00-0 10 PVt 


occasionally (t\\elve ticocs) 

. from contro. - 

± 0 G7-1 87 PVu = ± 0 38-0 46 , 








































NurrinoNVL srvTus vnd inffction response 


349 


Cells and Pl-vsma Pfotfin With Diet and Infection 


DAYS ' 

1 42 58 DAYS 





18%t 

1 


S7<.t 

8% 

1 18% 

2% 

s% 

2% 

INFECTED 1 

CONTROL 

INFECTFD ! 

CONTROT 

rNPEOTFD ; 

CONTROL 

INFECTED 

CONTPOr 

INFECTED 

CONTFOI 

5 

2 

4 

3 

5 

3 

3 

3 

4 1 

3 

lol 

15 0 

1G2 

IG 7 , 

loo 

10 4 

15 3 

15 1 

15 0 

14 4 

G81 

C78 

7G9 

7 02 

C2o 

0 tX 

G 68 

6 88 

G38 

5 88 

■’4 0 

2< 0 

22 4 

32 G 

30 1 

34 C 

22 6 

2G 5 

' 12 8 

115 


9 

10 

10 

11 

8 

: 11 

11 

12 

21 

8u 

90 

SO 

8G 

SC 

89 

88 

88 

88 

78 


on 18 per c nt casein diets 

(]a>8 

da} 8 


of infection status No consistent relation between concentration and \olume 
measurements was evident E\pciimcntal tubeiculosis pci se appeared to e\ert 
little significant influence upon unit blood ^olunle or circulating liemoglobin 
These findings aie consistent with those noted m sc\eral patients 

Hematopoxesxs The distiibution of cellular elements in the c\amined 
hone manows of fiftj seicn nts of this senes (Table IV) was similar to that 
noted in fiftj two lats of a prcMous studj*® and to \alues repoited in twentj 
four AVistar stiain ^ and twelve Rockland stiain® lats The tendenev toward 
an increase in mature mjcloid forms with associated peiiplieral leucopenia pre 


t^OTEIN AND HeMOOLOBIN WiTII DiET AND INFECTION* 


I ESIOD 

rOSTINPECTION PERIOD 


42 58 DAYS 

8% 

18% 

1 18%/2% 

1 8% 

1 8%/2% 


CONTROL 

INFECTED 

CONTROL 

INFECTED 

CONTROL 

INFECTED 

CONTROL 




2 

4 

3 

5 

3 

3 

3 

4 1 

3 

114 

3 80 

278 0 

121 

4 32 

343 4 

14 4 

4 19 

354 4 

16 6 

4 09 

318 C 

115 

3 61 

2861 

10 4 
3G5 

2/00 

11 8 

4 40 

288 4 

111 

3 80 

263 9 

121 

4 66 

224 1 

84 

3 82 

0 , 

0 67 

0 68 

0 78 

0 5G 

OGO 

0 67 

0 58 

0 69 

0 54 

C34 

‘>17 

6 56 

2 34 

7 56 

2 ID 

847 

2 39 

6 29 
197 

5 41 

1 89 

6 54 

2 42 

G 13 

2 10 

' 6 32 

2 44 

4 58 

2 09 

015 

0 16 

016 

017 

010 

0 13 

0 16 

015 

015 

012 


scond ^vas (lone after a t\\ o to three week Interval Data therefore represent determinations on slxtj 
Cp statiscally adequate groups of similar rats under similar conditions were as 
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Tabie II Average Concentpation Variations op Blood 


DA\S OP INFECTION 

Ipreinfection ffriod 

1 

14 

DATS 


1 

9S 

DIET GUOUP 

18% 

8% 

18% 

8% 

18% 

I^FECTION STATUS 

CONTPOL 

CONTROI 

infected 

1 CONTROL 

INFECTED ! 

CONTROI 

INFECTED 

CONTROL 

NUMBER OP ANIMAIS 

8 

8 

4 1 

3 

5 

3 

4 1 

3 

HemoglobinGo 
(Hb = Gm /lOO c c ) 
12 20 ± 0 9 - 15 1 ± 0 3 

15 5 

15 3 

15 2 

15 4 

141 

14 2 

15 6 

16 7 

Total protemDo 
(TP =Gm/100cc) 
6 60 ± 0 1 - 807 ±007 

7 26 

710 

8 22 

7 0S 

6 81 

6 S7 

8 09 

7 69 

Leucocyte Count-^s 
(W B C /mm 3 in thou 
sands) 

8 - 15,000* 

12 1 

18 3 

22 1 

1 

24 0 

26 8 

26 4 

32 2 

17 7 

Polj morphonuclear 
leucocj tes'm 
(7o) 

4 - 25% 

15 

12 

13 

11 

15 

14 

22 

15 

Ljmiphocj tes'u: 

(%) 

75 05% 

82 

86 

84 

So 

83 

82 

78 

85 


’Slightly higher total leucocj te counts ha\ e been obser\ ed in the control rats of this set and strain 
tRats previously maintained on 18 per cent casein diet reduced to 2 per cent casein at twenty eiglit 
iRats prei lously maintained on 8 per cent casein diet reduced to two per cent casein at twenty eight 


Hemoglobin Hemoglobin concentiation tallies foi lats of this age, sex, 
stiain, and diet have been established Obseived values shoved no significant 
tariation fiora “noimal” iiiespeetne of dietaiy and/or infection status Sig- 
nificant changes in available ciiculating hemoglobin aie fiequentlj’- masked by 
lack of appaient change in concentiation This phenomenon has been demou- 
stiated pieviouslv in lelation to piotiacted modeiate piotein deficiency Com- 
parison of initial (pieinfectioii) and final (forty -two to fifty-eight dajs latei) 
tallies of unit ciiculating blood volume and hemoglobin (Table III) suggests 
that a significant diminution of both attended piotein deficiency ii respective 


Table III Aiepage Variations op Circuiating 


preinfection 

POSTINFECTION PERIOD 

POSTINPFCTI0'-_ 

PERIOD 

14 DAYS 


18% 

8% 

18% 

8% 

18% 

CONTPOL 

CONTFOI 

inpectfd 

CONTROI 

INFECTED 

CONTROI 

INFECTED 

CO\TRnl_ 

8 

8 

4 

3 

5 

6 

4 

3 _ 

275 1 
115 
418 

2416 

15 3 

5 28 


260 7 

10 3 

3 05 

278 0 

12 6 

4 49 

268 2 

10 9 

4 07 

334 5 

13 2 

3 95 

278 1 

101 

3 63 









6 25 

2 27 

6 93 

2 70 

7 29 

2 77 

5 63 

2 16 

7 33 

2 62 

6 34 

2 37 

7 09 

2 12 

517 

1S4 

0 IS 

0 21 

0 23 

0 15 

0 18 

0 16 

017 

0 15 


DAYS OP INFECTION 


DIET GROUP 


INFECTION STATUS 


NUtIBER OP ANIMALS* 


Surface area (SA = cm ") 
Total blood volume Ccc) 
Unit blood volume (BV^ = 
c c /lOO cm 2 SA) 

Unit circulating hemoglobin 
(CHbu = Gm/BV„) 

Total plasma volume (c c ) 
Unit plasma volume (PVu 
= c c /lOO cm - SA) 

Unit circulating protein 
(CP„ = Gm/PV„) 


•In general each animal was subjected to one plasma \oiun 
one rat mdiiiduals 

tThe number of animals contributing to ^ch mean Is amall 
follows BVt = ± 1 07-2 4S BVu = ± 0 51-0 57 CHbu == ± 0 09-0 10 


standard deiiations from control niMa' 
PVt = ± 0 67-1 87 PVu ± 0 3S-0 46 
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A siij^^cstnc lULitasc of en tliioblasts aiul/oi iioimoblasts also is iiunifcstod 
earl\ b\ infected aninnls Dicsc (hang:cs in cclhihiit\ weic leflcctcd in the 
in\eloid cn tluoid latios 

In "cnci d, difieuiKcs in iieniatopoKsis bct\^ecn the diet nnd infection 
\\cic not stiikiiv ^>nt \ iintions in nn c/oid cn thioid latios seemed 
mou closih iclatid to mfedum than to diet in status l)oi\c\ci mini ils ^\illi 
piufiutcd 01 sc\cit ])ioloin dtfui(n(\ had sliolith louei i itios thin a\c] 1 
mmnsiKd animals, ic^aidfcss ol inUttnc st itiis 

Vkisma Pioicins Sc\cu piotein icstiiction su])tiimpo.sed upon i pu 
Moush modciate diet inottin defi(unc\ icsultcd in slight diminution in plasm i 
protein conccntntion (Tabic II) I stnmtion of plasma luotein concentiation 
hoMc\ei, affoids a pool indieuion ot \ iintion in ciiculating piotems pai 
ticuhih in piotein dcficicnc\ statis Piotcin dcficlcne^ pci so is attended l)^ 
significant dccienscs in unit emulatin,^ piotcms® Se\cic diet piotein do 
fieieiic\ imposed upon i pio\iousl\ well noiiiisbed lat ippearcd to lesiilt in 
^leutoi lelitnc depletion of unit eneulating: piotein thin tint obsened wlicn 
sc\cic piotein lostiiction was imposed upon \ modontch piotein deficient lat 
(Table III) Slight piobibh signifiemt iclatne incicascs in unit cnculnting 
inotenis wcie e\ident in tlic fiist tew weeks of the postinfeetion pciiod in in 
fectod rats iiicspcctne of dictnn stitiis Subseejuenth similar changes oc 
curred in contiasting gioutis Ik nee tin ulutivt influence of diet oi infection 
upon the obsened ciicuhting piotein depiction c mnot be ^ssesscd oi ■valid in 
ferences dnwn In genonl the d it i suggest tint unit eneulating pioteins weic 
slightly but piesunnbh siguificnntlj (2 + a) ineic'ised in infected nnimals 
"itliiii the thi’ce to foui week peuod following infection 

The electiophoietic distiibution of plasma piotein comjionents vaiied wntli 

(betniv status Paiilv ideqiiatc lesolution of the majoi plasma piotein 
rompoiients (alhiimin alplin beta plus fibiiiiogcii and gamma j^lobuhns) was 
possible undei the conditions of elect lophoiesis The piccise diffeienfiation of 
'ilphn 1 and alpha 2 globulins and ot alpha 2 and beta globulins was not alwavs 
satisfactorj in the diluted dvc piotein solution Poor demnication of beta 1 and 
beta 2 ^^lobulins commonh oceiuicd Beta 2 globulins and fibiinogen weic not 
''Cp Hated in tliesc anahses An f ’ component ® with inobilitv gicatei than 
that of albumin was usunlh appnicnt Howcvei assuming si\ components 
gaussian cur\es were didwn and rasolution and propoitionate composition of 
both ascending and descending hound ir\ patterns excluding the delta and 
epsilon anomalies weic obtained In oidu tint the data might be oompaicd 
uitli that pievioush lepoited in the same stiam iindci lathei similai ciiciim 
stances extended compositional desciiption was attempted despite the above 
mentioned limitations With those rcseivatioiis the plasma coinjiosition ol 
several expcnmental gioups is picsented m Tabic V The available data how 
ever peimit compaiison of the influence of diet and infection at foiutcen and 
twciitv eight davs attci infection was initiated ind twentv eight and foitv two 
‘hus aftei model ate dietan piotein depletion was liCcUn 
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TaBM V ElECTFOPHOEFTIC VArIATIO^S IN Plasjii 



NUMBER 

TOTAL PLASMA 








1 

OP 

PPOTEIV 


PFR 

CENT PLASMA COMPOSITION* 




CON CENTKATION 

■■■ 

AIBU 






GPOUP 

MAES 

(GM %) 

BSl 

itlN 

a, 

a 

|3. 

^2 + ^ 

y 

18% control! 

3 

6 85 

1 12 

48 2 

14 0 

74 

63 

17 2 

50 

18% infected 2 

4 

7 44 

1 

IS 

55 6 1 

110 

58 

52 

151 

5 5 

8% control! 

3 

5 68 

25 

36 6 

12 9 

121 

1 71 

1 20 5 

1 83 

8% infecteda 

5 

5 84 

28 

42 8 

12 6 

93 

5 8 

21 C 

51 

S% infected! 

5 

5 68 

14 

444 1 

14 2 

89 

55 

18 2 

73 


1 Tiventj -eisht dajs after Infection initiated foUj-two davs after protein depletion began m 8 per 

2 Fourteen d'l^s after infection initiated tnent> -eight dajs after protein depletion began in 8 per cent 

The unit circulating protein composition data m parentheses represent \ alues obtained in another 

son with the 18 per cent infected rats of this experiment since similar unit circulating protein values iverc 
trol group of this experiment remains unexplained 

•Somenhat arbitrary \ alues derived from relative areal resolution and representing average per cent 

fDerived from the product of the plasma protein concentration of the pool and the per cent areal com 

^Represents the product of the average unit circulating proteins (Table III) derired from tlie plasma 
solved schlleren pattern 

§Unlt circulating protein (Table III) 

As usually noted, piotein deficiency tvas attended by lelative deciease in 
the pioportion of plasma albumin The lelative pioportions of alpha, beta, and 
gamma globulins did not appeal unusually inei eased in the well-nourished, 
infected animals and weie similai to obseived values in the weli-noniished, non- 
infected group This obseivation is in contiast to those reported in tuberculous 
infection of rabbits'^ and man However, in the piotein-deficient gioups, the 
proportions of alpha-2 and beta globulins seemed increased irrespective of in- 
fectious status Diet deficiency intli albumin depletion, commonly associated 
until the moderately advanced phases of tnbeiculosis, may account for the re 
ported changes in the globulin fiactions, as recently suggested"® In accord 
witli tins bvpothesis, consistent decrease in proportion of albumin in the data 
of Seibert and eo-woikeis"' suggests that both animals and patients may have 
been piotein defieient Constancy of simple serum piotein concentiation values 
may be misleading in tins legaid owuig to plasma volume lability and/oi al- 
teiations in relative piopoitions of the vaiious components 

Concentiations of the various plasma components in Table V were calcu- 
lated fz om the piopoitionate composition of schlieren patterns and total plasma 
protein concentiations of the lespective pools Since unit cii dilating protein 
data appeal to be moie leliable than simple concentration nieasuiements as an 
indicatoi of plasma piotein vaiiation, the total eii dilating amount of each 
plasma piotein component in the vasculai compartment was also calculated and 
adjusted to unit value The aibitrary values obtained were dependent upon 
limitations in tecliniqnes of resolution of electioplioretic components, plasma 
protein concentiations, and mean unit plasma volnme deteiminations The 
data, theiefore, may be more lelative than absolute The results lemain pio- 
portional, howevei, since the eiioi-s were largelj sjstcmatic Unit ciieiilating 
plasma piotein composition lei'cals the lathei maiked alhiimm depiction at- 
tending piotein deficiency With tins method of ealeulation, no significant 
aberration in any of the unit cnculating globulin components vas obseived in 
response to tubeiculons infection, legaidless of diet oi degiee of albumin de- 
pletion 
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CONCENTUATIO OF PRISClPALl j 

PDASMA PROTEIN COMPONENTS ONnT CIPCOLATINO PLASMA PPOTEIN COMPOSITION 


(OM /lOO 0 C ) (CM/TTMT PIASMA TOLUME) } 


H 


i 

1 

1 

HI 

n 

f 

ALBU 

MI\ 

a 

a 

(3. 

m 

Hi 


biifci 


EES 

nRi 

rail 



Ktmt 

Bta 

0 021 

0 011 

0 009 

0 02G 

0 008 

0 15 








(0 006) 

I'D 120) 

(0 024) 

(0 012) 

(0 008) 

(0 033) 

(0 016) 

(0 22) 

013 

413 

0 82 

0 43 

0 30 

112 

0 41 

0 004 

0128 

0 035 

0 016 

0 013 

0 035 

0 013 

0 23 

014 

2 08 

0 73 

0 09 

0 40 

117 

047 

0001 

00 0 

0 021 

OOID 

0 011 

0 033 

0 013 

016 

016 

250 

a rt 

0 54 

0 34 

1 2G 

0 30 

0 005 

0 077 

0 023 

0 017 

0 010 

0 039 

0 009 

018 

OOS 

2^1 

0 81 

0 51 

0^1 

103 

0 41 

0 003 

«0C7 

0021 

0 013 

0 008 

0 027 

0011 

0 15 


cent did group 
diet group 

group of control rats of the eamc nge sen strain and diet" Tho^e \nlues are presented for comparl 
obtained The unusually lou plasma volume and unit circulating- proteins of the particular 18 per cent con 

composition of ascending and descending boundarj patterns 
position of the resolved schJlercn pattern 

protein concentration plasma volume and surface area and the per cent areal composition of the re 


COMMENT 

The possible relation of tiibcreulosis to specific nutritional deficienev is 
attended bj considerable pnttieal interest The eliemical, phi siologic, ira 
munolojic, and clinical attiibntes of piotein hate stimnlntcd rather ettensiio 
speculation m this rog ird V in itions in blood or plasma component measnre 
ments, particularly phsma piotcins associated nith tins chronic disease tvould 
seem to afford information pertaining to effect rathei than cause 

The concept of protein deficicncj as a piimai\ cause of increased siiscepti 
bilitj or decreased resistance to tuberculosis has arisen bj inference largely 
dented from epidemiologic and fatored bj cbnical evpoiience The conclu 
Sion of Taber is most commonly cited in this regard ‘ A gross underfeeding 
"ith the animal, bodj building nutiitues reduces resistance against tuberou 
losis ”1 This lij^pothcsis was dciivcd fiom oacr all tuberculosis mortality data 
increments associated nith a deciease of from forts tno to thirty seaen pei 
cent in “animal foodstuff ’ (protein) composition of a diet affording approti 
matelv 2,S00 to 3 000 calories during the «nr years 1914 to 1916 Piesent eon 
cepts of protein nutrition suggest that such a diet he considered reasonably 
adequate for maintenance of nitrogen cqiiihbnum ‘ The marked aariation 
in host and pathogen response dependent upon species genetic chaiacters, diet 
factors, and physiologic status in the presence of infection nith Mpea tuier 
culosis, not to mention the usual, important, commonly associated socioeconomic 
consideintions, has impeded collection of conelusne cxpenmental data 

In an endeavor to define more closely the possible relation of dietarv pro 
tern deficiency to infeired alterations in susceptibility to oi couise of tuber 
culosis, infection nas initiated in the rat under controlled conditions Several 
concomitant phy siopathologio responses to intrayenous inoculation of Myco 
iiiberctilosis (H37RV) in rats on adequate dictai-y piotein intakes (nitrogen, 
134 to 431 mg N pei tuenty four horns per 100 gram rat) and modoiatcly de 
fieient protein leiels (nitiogen 68 to 177 mg N per tnenty four Iioiirs pei 100 
gram i-at) yieic observed and eoiiclated Since lelativeh few amnials were m 
volved in this paiticulai eypeziment — thirty nine infected, twche inyeeted with 
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hocit-killecl oiganibins, and thiiteen seivmg as diet contiols— the limited data on 
biologic mateiial necessitate some degiee of statistical inadequacy Eesnlts of 
this and pieliminan expeinnents manifested lepioducihlc consistencA 

Summation ot the data Mould seem to favoi the concept that dietaii piotcni 
deficienei — uhetliei niodeiate oi scveic, acute oi chionic, siipeiiniposed upon 
a ]ncnoush adequate oi inadeciiialc state ot protein nutiitme — does not sig- 
nificantly altei the susceptibilit's , lesistance oi eoiiise ot intection ivitli Myui 
iubci cnlosis (II3TRV) in the loung, giowiiig lat nuclei the conditions ot this 
study 

Coiielation of these ohsened phenomena associated yitli the initiation and 
couise of expeiiinental tuheiculosis suggests that a someiihat similai appioach 
to the piohlem in the human being iiiai neld useful, objective data Until 
such data become aiailable cluneal iiifeience deiived fiom obseivatioiis on 
nonindigenous disease in the malnoui ishecl lat must be attended Ip consideiable 
leseivation 

SUUJI \R\ 

1 Intiaieiious inoculation of liable Myco iuhciculom lesiiltcd in definite 
gianulomatous lesions in limphoid tissue, lungs, and Inei, cliaiactcii/ed bi 
coalesced epithelioid cell nodules, usualli iiitii peisisteiit nuclei and iinged by 
iMiiplioci tes and feu maciophagcs Neciosis u as not obsei i ed 

2 The lesions attained ma\imal deielopiiiont uithiii foiii ueeks aftei in 
tection Recognizable oiganisms liad laigeli disappeaied uitliin eight weeks 

3 No significant diffeieiiee in the foim incidence, oi duiation of the speci- 
fic lesion uas ohsened betueen uell-noiii ishecl modeiateli, oi seieih pioteiii 
deficient animals No deaths attiibutable to the infection pei se ueie noted in 
the foitv-tuo 01 fiftv-eight clai postuifection pciiod 

4 Changes in total white blood cells, hemoglobin and plasma piotein con- 
eentiations as uell as in eiieulatiiig hemoglobin and jilasma piotein, ueie con- 
sistent with those pieiioiish ohsened in piotein-cleficiciit animals No signifi 
cant laiiation in the nieasuienients attended infection pei se 

5 Bone niaiiou studies suggested eqiiiiocal changes of mi eloid-ervthroid 
latio in infected animals 

6 Elcetiophoietic analises of the ciiculating plasma pioteius leiealed 
appaient ineieases in the alpha and beta globulin comjioneiits of the simple 
aieal pattern No such laiiation uas ciident ulien unit ciiculating quantities 
of iilasma components uere estimated No specific plasma piotein changes ic- 
sulted fioni infection pei se 

7 Undei the conditions of this study, dictan piotein deficienci did not 
appeal to altei the siiseeptibiliti , lesistaiice, couise, oi phisiologic lesponse of 
the loiiiig lat to evpeiiinental tuheiculosis 

W e ire indebted to Mis> C miiditn of the Depurfinent of B ictcnologi of Har\ ird 
Medical School for the 'nibculturc of H>7Rt uted, to Dr E T Colin and Dr T h Onclci 
for making the Tmeliiis apparatus n ail ible to us and to Dr S B tVolbach iiid Dr S 
Barber for renewing seieral Upu il seitioim Their interpret ition of the slides uas con 
<u=tent inth the obseri itiona in thi« piper 
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Table V Electrophoretic Vapiitions in Pla‘;\u 


GROUP 

NUMBER 

OF 

ANI 

MALS 

1 

TOTAL plasma 
PROTEIN 
CONCENTRATION 
fOM %) 


PEP 

cent PIASMA COMPOSITION* 



ALBU 

“i 

a 



y 

189o controU 

3 

6 85 

12 

48 2 

14 0 

74 

63 

172 , 

5 6 

1 

1S% infecteds i 

1 ^ 

7 44 

18 

55 6 

11 0 

58 

52 

151 

55 

8% control’ j 

3 1 

5 68 

25 j 

36 6 

12 9 1 

121 1 

71 

205 1 

S3 

S% mfectedz 1 

5 1 

5 84 

28 1 

42 8 

12 6 


58 

, 216 1 

i 51 

8% infected’ i 

1 5 

5 68 

14 i 

44 4 

1 14 2 1 

1 89 1 

1 55 

1 18 2 1 

1 73 


1 T\\ entj -eight dajs after Infection initiated forty-two da\s after protein depletion began in 8 per 

2 Fourteen dajs after infection initiated twent-v eight da>s after protein depletion began in S per cent 
The unit circulating protein composition data in parentheses represent \ aloes obtained in another 

son with the IS per cent infected rats of this experiment since similar unit circulating protein talues were 
trol group of this experiment remains unexplained 

•Someivhat arbitrary tallies dented from relative areal resolution and FBpi'esGntin^ average per cent 
■fDerived from the product of tlie plasma protein concentration of the pool and the per cent areal com 
iRepresents the product of the average unit drculating proteins (Table in) derived from the plasma 
solved schlieren pattern 

§Unit circulating protein (Table III) 


As Rsuallj’^ notetJ, protein deficiency was attended by relatne deciease in 
the pioportion of plasma albumin The lelative pioportions of alpha, beta, and 
gamma globulins did not appeal unusually inci eased in the nell-nourished, 
infected animals and weie similai to ohseived lalues in the well-noutished, non- 
infected group This ohseivation is m eontiast to those lepoited in tuheicnlous 
infection of lahlnts*^ and man'" However, in the piotem-deficient gionps, the 
pioportions of alpha-2 and beta globulins seemed increased irrespective of in- 
fections status Diet deficieuej'' mth albumin depletion, commonlj" associated 
nith the modeiately adianeed phases of tubeiculosis, may account foi the re- 
poited changes m the globulin fractions, as lecentlv suggested'" In aeeoid 
mth this Inpothesis, consistent deciease m propoition of albumin m the data 
of Seibert and co-woikeis"' suggests that both animals and patients may have 
been piotein deficient Constauev of simple seium protein concentiation values 
may be misleading in this legaid owing to plasma volume lahihty and/oi al- 
teiations in relative piopoitions of the various components 

Coneentiations of the vaiious plasma components in Table V were calcu- 
lated fiom the piopoitionate composition of schlieren patterns and total plasma 
piotein coneentiations of the respectne pools Since unit ciicnlatmg pioteui 
data appeal to he moie leliahle than simple concentration measurements as an 
indicator of plasma piotein vaiiation, the total cncnlating amount of each 
plasma piotein component m the lasculai compartment nas also calciilated and 
admsted to unit value The aibitiary values obtained neie dependent upon 
limitations m teclmiqnes of lesolution of electrophoietic components, plasma 
protein concentrations, and mean unit plasma lolume deleimmations Tlie 
data, therefore, maj be moie relatne than absolute The lesults remain pio- 
portional, howeiei, since the eiioi-s Aveie largelj systematic Lint cuculating 
plasma piotein composition leieals the lathei maiked albumin depletion at- 
tenduK^ piotein defieiencv With this method of calculation, no significant 
aSuatmn m any of the unit cncnlating globulin components vas ohseived m 
lesponse to tuheicnlous infection, legaidless of diet oi degree of alhnmin de- 
pletion 
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tubeicle bacilli gro\m in Diibos liquid media into 5 c c amounts of the same 
medium containing an incieasing number of miciogiams of stieptomycin pei 
cubic centimetei, i e , 0 5, 1, 2 5, 5, 10, 15, 31, 62, 125, 250, 500, 1,000 A control 
tube sans stieptomycin was added to each test 

The cultures weie examined af tei toiuteen dais of incubation to deteimine 
the concentiation of stieptomicm in which giowth appealed At this time the 
contiol tube shoiicd ma\imura (foui plus) groiith 

Blood Levels — Stieptomycin blood levels were determined by the method of 
Pulasla and Spiinz ® (A) A six-houi giowth of Klebsiella pneumoniae in P D A 
broth (single stiength) was diluted 1 to 50 in double stiength PDA One 
cubic centimetei was then added to 1 c e of serial saline dilutions of the patient’s 
serum to give a total of 2 c c and a final concentration of 1 2 to 1 64 of the 
seium (B) As a contiol, 0 1 e e of a stock solution containing 320 /ig per cubic 
centimetei of streptomycin was added to 0 9 ce of pooled normal seia This 
ivas serially diluted with 0 5 c e amounts of sterile saline to give eoncentiations 
of 32 to 1 fig pel cubic centimeter Pive-tenths cubic centimetei of the culture 
of K pneumoniae diluted 1 to 50 was then added malang final dilutions of 16 to 
0 5 gg per cubic centimetei in a yolume of 1 cubic centimetei (C) Aftei ovei- 
night incubation at 37° C the inliibition yvas detei mined by noting the last tube 
(in A and B) in which theie w'as no giowdli and dimding the control (B) m 
nucrogiams pei cubic centimeter by the dilution (A) to give the number of 
micrograms of streptomycin mice of patient’s seium 


RESULTS 

Resistance in the 1 Giain Group — Table I shows the highest concentration 
of streptomj’-cm in yvhich the particulai stiain of tubeicle bacillus gieiv and 
the number of days of theiapy aftei yvhich the organisms de\ eloped lesistance 
to the antibiotic Giowth in 10 /tg was the criterion used to mdicate strepto- 
mycin resistance 

Table II SnuMAR\ or Table I, Number asd Per Cent op Patients Becoming 
Efsistant at Intervals During Theraiv 


PAIS 

TOTAL j 
PA 

T2E\TS 1 

] 

TOTAL 

TESTED 

TOTAL j 
INW 

j CATEPf j 

1 

SENSITIVE 

1 

RESISTANT ] 

PER 

CENT 

RESIS 

TANT 

1 

TESTED 1 

INTII 

GATED t 1 

1 TESTED 1 

INDl 
GATED f 

Pretherapy 

32 

32 

- 

32 

- 

- 

- 

0 

'30 

30 

13 

17 

13 

17 

- 


0 

60 

24 

15 

9 

13 

8 

2 

1 

13 

90 

28 

17 

11 

11 

9 
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2 

29 

100 120* 

31 

25 

6 

14 

3 

11 

3 

45 

120 

10 

19 

- 

10 

- 

9 

- 

48 


♦The 120 da> total Is included in the 100 to 120 daj Group 

tBy Indicated Is meant the streptom^ dn resistance -ahich would in all probablllti result 
hafl cultures been obtained and resistances determined i e In Table I ^tient 28 would be con- 
sldered resistant from ninetj days onuard tor Patient 2 after se\ei^ days there uould be 
no indicaUon for Patient G there Would be no indicaUon between forty and eighty days and 
would be 1 000 after nmep dajs It should be noted that a few cases have been reported 
in which cultures ha^e been found to rpert from resistant to sensithe . , -However in well 
over 500 sensitivity titrations from cultures on ninety-sis. patients we failed to find a single 
instance of decreased resistance of anj significance 


*A compaiison was made between streptomycin lesistance readings obtained with the 
media desc^ed and the Tween-albumin medium for -ubmerged-dispersed grovrth subsequentlj 
described by Dubos and Middlebrook^ In a total of one 

nrreement in eighty -eight cases Of the tweBe remaining titrations ten showed higher 
in the newer mediu^^^^ two in the older Howeyer in only one instance would a 
stral^of tubercle bacillus haye been considered sensitlye m one media and resistant In Uic other 
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It mi} be obseived fiom Table I as summaiized m Table II, that none of 
the thirtj two strains tested bofoie thenpa was lesistant to 2 5 /ig per cubic 
centimeter of stieptomjem Vt the end of thirt\ dajs of tieatment, resistance 
was still absent in nil of fliii-tj patients Iloweaci, at the end of si\t} da}s, 13 
per cent of twenta four patients had dei eloped lesistanco at ninety da}s 29 
pel cent of twoiitt eight patients and at 100 to 120 dajs, 45 poi cent of thiitj 
0118 patients bad become icsistaiit to sticptomjein 

Resistance m the 18 to 2 1 Giam Gtoup — Preiiotis to the uiauguiatioii of 
the 1 Gm piotocol si\ patients had been ticated with 1 S to 2 4 Gm of strepto 
m}cin daih Tests of these stiains after 100 to 120 da}s of thenpj showed that 
83 per cent had heeonie resistant to 10 pg pci cubic centimeter 17 per cent le 
inaming sensitive 


TABLF III ^OSTSTK^■!TOM^^I\ KtMslVKCf I 8 TO 2 4 GM I)MI\ 


PA 

TIENT 

I>A\S 

OP 

TREAT 

MINT 

TFSIRT 

ANCE 

ATEVD 

OF 

THER 

AP\ 

(mg/ 

CC ) 

1 OST&TREPTOU\ CIS (MO ) 

li2iJl4(6iCi718[9 jio 

104 

120 

15 

1000 1000 1,UU0 

101 

240 


1 000 1 000 1.000 

105 

120 


1,000 

107 

120 


1 

109 

220 


1000 1000 lOOO 

110 

120 


5 

111 

120 


5 1 

112 

120 


C2 31 

113 

100 

10 

15 1 000 1 000 

lU 

210 


1000 

116 

120 


05 05 05 05 

115 

120 


31 15 15 10 

128 

150 


0 0 

118A 

120 

1 000 

1 000 

119 

120 


Oo 05 

132 

120 


62 C- 


il8A Second comao of treatment for Patient 118 
♦/. 118A are ca^ea from Hailoran Hospital VU others were transferred 

w tnia hospital after completion of strcptomjcln therapj 

Heststancea In mlcrocrams per cubic centimeter Growth In 10 (ig per cubic centimeter 
indicates resistant strain 


A mimbei of patients tindci the IS to 2 4 Gm tititmoiit (on whom no 
pievious sensitir ities had been performed) weic tnnsfciicd to Halloian Hos 
Pitel after therapj had been completed Table III indicates the results of post 
streptom}cin resistance tests on thntoeir of these tiansfeiicd patients and thiec 
of our own (Patients 104 113 118A) It is of inteicst to note that two patients 
ni this group (104 and 113) as well ns two in the 1 Gm group (9 and 16) be 
came considenbh more icsistant to strcptomrein after tlie completion of 
thciapj « 

These senslthUles were checlced nnd rechecketl 





362 


BLATTBERG AND EHRHORN 


Senm Levels — Table IV indicates the lange and a’ieiage level of stiepto- 
nncm in iniciogiams pei cubic centimetei detected in the seium of the tieated 
patients aftei tluity dajs oi moie of tlieiapj’’ It may be seen that the average 
seium level diopped rapidly fiom 33 /ig at tivo houis to 8 6 at eight and then 
tapeied off to 1 7 yg at twelve houi-s 


Tabte rv Strepto liven. Serum Level Patients Receivixg 1 Gram (0 5x2) Dailv* 


HR AFTER 
IVTFCTION 

range (fiG/CC) 

OF 

SPECIAfENS 

A\ERAGE TF\FI 

2 

1C M 

21 

33 

4 

IG 32 

7 

213 

6 

8 16 

7 

11 5 

S 

4 16 

7 

80 

10 

4 S 

7 

6 0 

12 

0 4 

so 

1 7 


•Leiek taken after thtrtj dajs of tlieiapj 


DISCUSSION 

One of the gieatest pioblems in the streptomycin tlieiapy of tuberculosis 
IS the vaij'ing late of time neeessai 3 ' foi the tubeicle bacillus to become lesistaiit 
to this antilnotic In an effort to combat this difficulty and the effects of to\icitj , 
manv laiiations in the amount of stieptom^ cm, the numbei of daily injections, 
and the duration of theiapj’^ have been tiled, both by the Veteians Admmistia- 
tion and othei mvestigatois 


Tvble V 


IWESTIGATOn I 

PFR 

i DA\ 1 

hwsoy 

Tl EAT 
MENT 

MMBER 

OI- 

CASES 

i 

MMBER ] 
Sh\Sl 
T1\F 1 

NUMBER 

RESIST 

ANT 

i 

1 CENT 

1 RESIST ! 
i AXT 1 

CONSIDERED 

RESISTANT 

IP '^OT IN 
niBITEDBV 

Mu'sclieDlieim" 

3 

75 120 

17 

1 

IG 

94 0 

500 jug/c c 


1 

42 

13 

10 

1 

90 

500 fig/c c 

ilcDermotts 

? 

00 too 

20 

1 

19 

95 0 

500 /ig/c c 

VA9 

lS-2 

60 120 

62 

23 

39 

63 0 

20 fig/c c 

Pisher^ 

1 S 

120 

20 

9 

11 

55 0 

10 ng/c e 

VAio 

lS-2 

120 

88 

19 

69 

78 0 

10 fig/c c 



GO 90 




64 0 

10 Mg/cc 

VAii 

1 

90 

17 



610 

10 pg/c c 



120 

17 



76 0 

10 pg/c c 

VA13 

1 

61 00 

115 



43 5 

10 pg/o c 



91 120 

117 



62 4 

10 pg/c c 


Table V illustiates some of the results of other mvestigatois It will be 
obseived that the Veteians Administiation’® obtained 78 pei cent lesistant 
strains aftei 120 dajs of 1 8 to 2 6m of stieptomycin dailj On the othei hand, 
a legime ot 1 Gm for foitv'-tv\o daj's" is lepoited to have lesulted in 9 pei cent 
lesistant organisms at the completion of theiapj’^ Othei lepoits on the 1 Gm 
dose“ showed 61 pei cent lesistant stiams at ninety days and 76 pei cent at 120 
days The most recent Veteians Admmistiation'^ results indicate 43 5 per cent 
of 115 patients lesistaiit si\tv-one to nmetv dajs ailei the beginning ot tient- 
mcntvvith 1 Gm daily 

nalloian Hospital was on tlie 1 Gm 120 dav piotoeol, and the woik done 
heic suggests that somewhat less stieptomycin lesistance had been obtained 
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tliflii BBS obsoived b\ otbei laboiitoiics The 13 pci cent found resistant at the 
end of si\t\ dais and tlie 29 pa cent it nuieti dais iniglit iiaie a significant 
bcaiing on sti cptomj cm tliei ijn if coirolioiatcd on i much higtj scale 

It has been om obsen itioii and tint of otlieK’ that tlicia is an appaiciit 
coiieiatioii betiieen the appeaiancc of leaistanee m Mtro and piogiossioii of 
tuboi-ciilous infections In the ideal situition, tlieiapi would be eontimied as 
long as possible witliom piodiicing drug fastness Reduction in dosage and 
liiintion of txeatment has been tned On tiic oflici imiid, these is some ei idence 
to sliou that inteimittent ityeetioiis oi slioit sciics of iiijeetions ‘ nm pioie to 
giic the best effect, especi ills is it lias not been denioiistiiited that a high blood 
IcicI of siieptomicin must be iiiaiiifaiii<d ”■ ” as is the case in sulfa theiapt 

Itesiitunce Acgiiind Dunny l/uKipy — Diunig thoiaps the nntiuaih le 
sishnt niiaiits ol the patient s Uilitide bacilli' ' siusise and multiph 
(licrebi slouis meioasiiig then lelafue piopoition m the stum In addition 
to selection, it seems piobahle tint mutition m the duectioii of oiganisiiis with 
sieatci icsistance to sticptomum ibo tubes phee’' otlienusc it iioidd be dii 
fieiilt to esplnin the deulopment ot wiieascd usistaiice beyond that demon 
stinted in sitio bj a feu colonies ol tla sh iin piioi to thciapi If imitation 
does take place it must he due to the ictioii of the stuptomicni as the diug is 
the onh new faotoi m the tieatnienl ot the ]> iticnt 

iiesistancc Acquired Post lluiapij — It is not without significance tint m 
four patients (Pitients 9 "’iicl 16 in Tilde I uid lOi ami JI3 iii Table III) of a 
total of tuents one in whom luc nid poslstioptoiin cm lesistaiices nete dotci 
muicd the ttiboicio baeilii became coiisidtiabh nioio lesistant aftei the com 
plction of tieatmoiu In the light ot those iiistuices peibaps it would be adus 
able to wait foi a nunibei of montbs [lost thei ipi bcfoie fin il decision is made 
regarding the dcgiee of losistaiieo ittaimd bi lilt pai titular stiains 

Streptomycin Assay — The wide lango iii the uumhei of nnciograms of 
stieptoiinem detected in the patient s scium after gueu inteisnla of time (16 
to 61 pg, at two hours Tabic IV), ma> be accounted for b^ the fact that the 
assaj method used peiimts defciminatioiis no elosei than multiples ot 4 pg 
(ie,0, 1, 8, 16 32 64) and also that 0 5 Gm of stieptomjcin was adimiusteicd 
twice dalle to all patients legaidlcss of bodj weight 

Sputum Conierswu — Tiie ibscnie of tuhcicle bacilli in smears and con 
centrates is one of the sfaiidaids set by the National Tuberculosis Association 


Table M Sreresi Comltsion is Ptueitomscis Tseateh PiriEsrs 
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foi the classification of a patient as “appaiently aiiested ” The disappeaianee 
of tnbeiele bacilli in pieMonslj positive secietions suggests that the piocess has 
become aiiested Howevei, theie is still much confusion in the liteiatiire con- 
derning the standaids foi sputum com eision 

Table VI is a compilation of the results obtained bv vaiioiis investigators 
The ciateiia for conveision ranged fiom a stamed smeai to guinea pig inocula- 
tion, and the pei cent of conversion from 43 to 74 The Veteians Administra- 
tion^ has taken a step towaid dealing this situation in deciding that cnltnies 
must be negative foi three successne months before classification as a sputum 
con^ eision 

On the basis of smears and coneentiates, 41 per cent of the thntj'-nine pa 
tients reported in this studj’^ would be classified as “apparently arrested ” How- 
ever, only thiee (8 pei cent) patients could qiialifj as conyeisions by the criteria 
of the Veterans Administration (Patients 12, 18, and 38 in Table I) 

Patient 12 uas negatne on three monthly cultures obtained post theiapj, 
although the sputum did shov Gafl;ky counts of IV, II, and III on those con- 
centrates This may be due to the fact that the organisms were not yiable during 
this pel rod 

Duiing the eailj" period of theiapy tlie sputum of Patient IS was a Gaffln' 
VII Aftei fortj-fiye days of tieatment both smear and culture became nega- 
tive and continued so for more than three months 

Patient 38 at the start of treatment showed a negative smear with a posi- 
tive culture After fifty daj^s of streptomycin both were negative and remained 
so foi the lequiied period of time 


CONCLUSIONS 


1 The resistance to stieptomycin developed by the tubercle bacillus in 
secretions of tlurt%-nine patients with piilmonaij^ tuber culosis has been reported 

2 A regmie of 1 Gm of streptomycin daily in two doses twelve hours apart 
induced no resistant strains at the end of tliiity days of therapj After sixH 
days, 13 per cent were resistant, after ninety da vs, 29 per cent and after 120 
dajs, 45 per cent 

3 In four patients (19 pei cent of tliose tested) resistance greatly increased 
after the cessation of stieptomjcin tieatment It would therefore seem advis- 
able to postpone final decision on the niimbei of strains which liecome resistant, 
as a result of a stieptomycin regime, until a iiiimbei of months after the com- 
pletion of theiapy 

Grateful acknouledgement is m-ule to Pr Plnhp Schun foi liis interest, assistmie, mil 
adMee in this nork 
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BLOOD AND CEREBEO SPINAL FLUID CONCENTRATIONS OF 
AUREOLIYCIN AFTER ORAL AND INTRAMUSCULAR 
ADMINISTRATION 

AIakk H Lepper, M D , H^vkry F Dowlixg, M D , Robert L Brickhouse, IM D 
AKD Estox R Caldwell, Jr , ]\I D 
Washington, D C 

A UREOjMYCIN^ is a lecentlj’’ dei eloped antiliiotie deiived fioni Sti eptomycrs 
muGofaciens It has a wide antimicrohial spectium both m vitio and in 
animals Eailj' tiials in laiioiis human infections have yielded piomising 
lesults It seemed important, theiefoie, to determine the size of the doses and 
the inteivals hetneen administiation ivhich were necessaiy to maintain demon- 
stiahle concentiations of auieomvcin in the blood The lesults of such a study 
aie lepoited in the present papei 

METHOD 

Since it Mas soon foundi tint auieonijcm Mas iinetiiated too npidlj in vitio to 
determine bacteriostatic concentrations In a tM-enty four hour serial dilution method 
analogous to the one commonh used to deteimine penicillin concentiations, a modification 
of the procedure of Dornbusln M-as ndoiited Tiyptose phosphate broth was seriallj diluted 
In liahes in the usual manner with Bactllut cereitsf as the test organism and the results 
Mere lead after four hours of incubation at d7° C in a Mater bath 

The antibiotic Mas administered to patients oral!} or intramuscularh in doses sIiomti in 
Table I Many patients received onh a single dose, Mhereas others mIio Mere being treated 
for an infection had blood draMoi after the fiist do«e and at some later date (Table I) 

RESULTS 

Thiee different dosage legimens weie investigated in detail 100 mg ad- 
ministered intiamusculaily, and 300 and 700 mg given liy mouth When 10 
mg pel kilogiam weie given to a child, we consideied it in the same categorv 
as 700 mg in an adult 

Wlien the antibiotic was given oiaUy, the highest concentiations weie 
obtained in the majoiity of individual patients at the thud hour and m a feu 
at the sixth hour, paiticulaily when the larger dose was employed In onlj one 
patient vas the coneentiation highest at the fiist hoiii A detectable concen- 
tration of aiiieomjcin was present at the eighth houi in all the samples of Wood 
taken at that time Aiireoniyem could be detected m twentj-six of the thiitv 
two specimens collected twelve houis after administration of a single dose, in 
four of the twelve specimens obtained eighteen houi-s after administration, and 
111 eight of the thirty specimens collected at twenty-four lioui-s In general, the 
concentrations obtamed from a dose of 700 mg oiallv were highei than those 

prom the Ceoige W’a'shington Unl^e^slt^ Vltdlcal r>i\i<;lon Gtllmger Municipal Ho'ipital 
and the Dcpirtnient of Medicine George VV'ashington UnnersiU 
Rccei\cd for publication Sept 23 1948 

•Supplied ba the Ledcrie Laboratories Dinsion American Cianamid Companj 
^This strain was knoMn as Bacillus No 5 "vnd Mas supplied b> Mr A. C Dornbusli 
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MEAN BLOOD CONCENTRATIONS OFAUREOMYCIN INPATIENTS 
RECEIVING VARIOUS DOSES BY ORAL AND INTRAMUSCULAR ROUTES 



13 6 8 12 16 24 

HOUR 


FIs 1 

obtained when 300 mg neio gnon b) tlic same loute This is shoMn gnphiodlj 
m Fig 1, nheie the moan blood concentiations aie plotted against time When 
100 mg were administered intrimiiscidailj, the situation was somewhat alteied 
One third o£ the patients showed the highest concentration at the first houi, one 
thud at the third horn and in one thud the fiist and tliird hour levels were the 
same In all patients the concentration had deeieased bj the sixth hour The 
mean curve (Fig 1) contrasts these differences shaiplv with those obtained after 
oral medication 

Tlieio are too few patients who icccucd highei doses lutramiiscularlv to 
leach anv conclusions hut it appears that the concentrations weio maintained 
for a longei peiiod of time hut weic not appieeiablj highei than when 100 mg 
were given 

111 the ease of some of the patients who wcie ticated ovei a period of seveial 
davs initial levels were deteianincd aftei the first dose and these weie lepeated 
after several dajs When the ding w is administeied at six hour intervals, the 
blood concentration w as essentiallj the same for each indiv idual patient, indicat 
ing that no appreciable amount ot piling up occuned On the other liand when 
the mtenal was shoitoned to three houi"s the levels were somewhat highei and 
the two patients whose blood was tested at vaiious intenals aftei the start of 
treatment allowed higher lei els after sev cral dav s of treatment 

Cerebiospinal fluid concentrations wctc measured on twelve occasions in 
tune patients, as shown in Table II It seems likelv that the penetration of the 
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antibiotic into the ceiebiospmal fluid is a function both of duiation of tieat- 
nient and height of the blood aiiieomycin concentiation In the one patient 
with meningitis who iias tested, the piesenee of meningeal inflammation did not 
seem to facilitate the passage of the antibiotic 


Table II Spinal Fluid Aureomacin Concentrapions in Micpoopams Pep Cubic 
Centimeter Comiared IIith Blood Concentrations and Duration op Treatment 


BLOOD 1 

COKCENTFATION ! 



DA\ OP rPEATMENT 



( fiG/C C ) 1 

1 

1 2 

1 3 1 

4 

5 


0 13 >0 03 

>0 OJ 

0 25 >0 03 OOG 

100 >0 03 * OOb* 0 13* 

0 06 


2 00 
4 00 

UnknoD n 


0 13 0 13-* 

0 13 

0 13 


“Patient had meningitis 


In one patient it was possible to collect two-hour fiactional mines ovei the 
fiist SIX houis foUowing administiation of 1,000 mg bj^ month As can be seen 
(Table I), about 10 pei cent of the mateiial was lecoveied in the uime duiing 
that peiiod, and the uiiuaiy conceutiations were quite high, being about 100 
times that of the blood, oi appioximately what one would expect in the case of 
a glomeiulai filtrate which was not leabsoibed by the tubules 

In one patient it was possible to obtain a measuie of activity of the breast 
milk thiee days aftei staitiiig tieatment, at a time when the blood concentiation 
was 2 0 niiciogiams pei cubic eentimetei No antibiotic was demonstiated 


DISCUSSION 

While this stiidi indicates that oial doses o± 5 to 10 mg per kilogiam of 
body v eight at six-houi intervals aie sufficient to assure measniable amounts of 
anieomycm consistently in the blood, the optimal dosage schedule still needs to 
be worked out From oui data it would appear that oial admmistiation at 
shoitei intervals than six horns maj mciease the height of the le\el, vhile if a 
six-houi mteiwal is maintained there is no piling up On the other hand, if low 
continuous levels aie desired, larger doses at longer inteivals should maintain 
these with a mininnmr of distuibance to the patient Our data suggest that the 
same is probably true for intramuscular administration and that large doses br 
tins loiite at fairly short iirterw-als wiU possibly give the highest concentrations 
This has been mrpiactical how^evei, since even wnth the use of procaine as a 
diluent there is still too much pain foUownng injection foi routine use Since 
the antibiotic is so scarce, we hare not craluated the value of a high initial dose 
(4 to 6 Gm ), but such a procedure may aid in reaching higher concentrations 
more rapidly 

A second problem lemains as to what the therapeutic significance of sucli 
levels are Some mfonnation is available which indicates that the effective blood 
concentration depends on the etiologic oiganism and that m some diseases the 
levels demonstrated m this papei aie adequate, whereas m others thej hare 
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been insufficient T)ms tlie tuo patients 'nith Eockj Srountain spotted feiei 
seemed to inal o an excellent icsponse to tJicnpx, as did the two patients with 
pneumococcic infections liii abscess caused bs A acrogenes healed rapidh, 
but the patient uith ciidocniditis did not lespond to treatment Slorcmei, none 
of the foul patients with txpboid had what could be called a response to therapj 
It would appeal theiefoie, that foi ticatment of certain infections, concentra 
tions in the neighboiliood ot 0 1 to 2 0 pg pei cubic centimeter maj be enough, 
wlicieas 111 othei infeetions laigei doses at shoitci intciials wall haie to be tried 
The good response of iiie othei patients witli Rocltj Mountain spotted feier 
and two with piieumoeoecic pneumonia on whom lei els weie not obtained but 
who receiied eqiinalent dosage beais out this impicssion 

The data on the spinal thud thus fai obtained indicate that theie is some 
likelihood of obtaining thciapeiilic eonceiiti itions in this fluid b 3 oral oi par 
entcial administiation That the one patient with pneumoeoceie meningitis 
whom we hnic tieated lecoieied with the use of aiiieomicin administeied by 
the oral route onlj is of mipoitanie in this legnrd Dctiils of the clinical use 
of this antibiotic will be lepoilcd siibseqnentlj 

SI ini in\ VXD CONCLUSIONS 

1 Blood, ceiebrospinal fluid iiiiiie and milk coiicontiations have been 
measiiicd following the administiation of nuieomjcin orally and intiamiis 
ciilarlv in doses of 100 to 1 000 mg in adults and equivalent amounts in children 
In geiioial the higliei doses administeied bj cither route tended to prolong the 
duiation of deinonstiable acfnitv in the blood and to a lesser extent to ineieaso 
the peak conceiitiation 

2 Auieonncin was detected in the ceiebrospinal fluid of six out of nine 
patients Its coiicentiation seemed to depend on the height and duration of the 
blood concentration 

3 In one patient no auieonncin w is found in the milk even with a high 
blood concentration 

4 The diug is recoverable rather rapidly in the unne wheie it is found in 
high concentrations 

5 It IS suggested that to maintain lower concentiations, large doses orallv 
at longer interv als seem most conv cnicnt and that to obtain high concentrations 
shortening the interval should bo effective It is possible that a high imtial dose 
(4 to 6 Gm ) mav allow higher concentiations to be reached and maintained 

C Blood concentiations obtaiiiablc with doses of 10 mg pel kilogram by 
mouth cv erv six houis appeal adequate foi treatment of Eockv Mountain spotted 
fevei and pneumococcic pneumonia 

We wish to thank ktrs Joan K BrovhiP and XIiss yXyrtlo I Ateycr for technical 
as'llstance 
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THE ACTION OF THEPHORIN UPON HISTAMINE-INDUCED 
GASTRIC SECRETION IN DOGS AND ON GASTRIC 
ULCER PORjMATION IN RATS 

G Lehmann, JI D ,f and Paul L Stesko 
NuTLEr, N J 

C ONSIDERABLE disagieemeiit exists as to the effect of antihistainmic sub- 
stances upon Instamine-induced gastiie secretion This is true both of the 
oiiginal compounds of this type thjTnoxj’^ ethyl diethylamine (929 P)’ ^ and 
N-pheml-N, N,'N'-tiiethylethylenediamine (1571 P)-’ •* and of the more lecently 
del eloped antihistamines Benadijd^ ' and Pyiibenzamine “ The majoiit}’^ of in 
lestigatois failed to obseive any significant dcciease of histamine-mduced gas- 
tiic secretion in dogs pretieated nith antihistamines Similar observations have 
been made in man ® Some clinical investigators zeported an inciease of gastnc 
acidity aftei the administiation of antihistamine compounds 

The reports concerning the mfluence of antihistamines upon the occuiience 
of histamine-mduced gastric uleeis in experimental animals® “ aie lathei 
unanimous The histamine antagonists did not prevent nlcei formation 

Since Thephoiin*' (2-methyl-9-plienyl-2,3,4,9-tetiahj'dio-l-pyridindene), 
uhieh'is a potent antihistamine^® synthesized m the Roche Reseaich Laboia- 
toiies by Di W 'Wennei and Di J T Plati, diffeis both stiuctui all j andphai- 
macologicallv'® fiom othei histamine antagonists, it seemed desiiable to study its 
mfluence upon gastiic secretion and ulcei foimation pioduced bj^ histamine and 
on “spontaneous” ulcei formation 

I The Effect of Thephonn on Gastnc Secretion — Gastnc secietion was 
studied in tliiee tiaiued, imanesthetized, female dogs weighing from 10 to 12 
Itilogiams uith deneiwated gastric pouches (Heidenhain) Tuo senes of expeii- 
inents ueie cairied out 

In the firet senes the animals received subcutaneously 0 1 mg pei kilogiam 
histamine phosphate thiity minutes aftei the subcutaneous injection of 20 mg 
pel kilogiam Thephonn In a second series of expeiiments, 0 025 mg pei kilo- 
giam of histamine phosphate uas used to stimulate gastnc secretion In addi- 
tion, contiol expeiiments in which the administration of Thephonn was omitted 
ueie earned out with the same doses of histamine phospliate Each type of 
cxpeiimeut uas done in triplicate in each dog at least thiee days apart Thus 
a total of thiitA'-six expeiiments have been performed in three dogs The ani- 
mals had been stain ed twenty houis piioi to tlie experiment 

Gastnc puce uas collected foi one hoiii at ten-minute mteiwals Both 
volume and fiee hydiochlonc acid were dcteimined, the lattei by titiation using 
Sahli s leagent, a mixfnie of equal paits of 48 pei cent KI and 8 pei cent KIO3 
In addition, the pH of each sample uas measuied by means of a Beckman pH 

From the Pharmacologrs Department Hoftmann-La Roche Inc 
Recehed for publication Oct, 1-1 IS-IS 
•Thephorin T M RCo U S Pat. Off 
tDcceased 
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41 Fig 1 —“Effoct of Thcphorin on Ijlntununc Induced gastric secretion In dogs Abscissa 
time In minutes OrdinTte solid columns cubic centimeters of gastric Juice solid plus hatched 
columns milligrams of frto hjdroohl n ci 1 


metei The a\en^o \ nines foi cadi (lo„ fiom tiuee experiments ivith tno hista 
mine doses each ue inescntcd m Tdilc I ssliich demonstiatcs that onlj the 
tolumo of seeietion was loduccd to n sismificnnt degiee bj Thephorm whereas 
the hidrogenion concenlintion remained piacticallj iinalteied The average 
decienso in nohtiiio niid eoiiscquentlj in the quantifn of fice htdrochloric aeid 
amounted to about 30 jioi cent legnidlcss of the dose of histamine nsed The 
ancrago amount of hsdrocliloiie acid piodiiced bn 0 025 mg per kiloginm hista 
mine phosphate is almost identic il wnth that after 0 1 mg pel kilogram histamine 
phosphate in the picscilce of 20 mg pel kilogram Thcphorin thus 75 pci cent of 
histamine has been reiidcicd iiicfloctnc hj Thcphorin 

II The Effect of Hirphoiin on Ihsinmine Induced Vlcei m Hots — Thirta 
Spiaguc Dawlca male i-itb ■neighing fiom 280 to 340 giaiiis (aaciago weight 310 
glams) lecened dailj hj iiitramusculai injection 60 mg histamine phosphate in 
a mixture of beeswax and inineial oil, prepared according to Varco and co 
norkeis These lats had been nsed for a vitamin A assay several months pnoi 
to this experiment and weie on a noimal Rockland mouse diet Of thirtj animals 
used in tins experiment ten iccencd suhcutaneonslj 20 mg per lologiam 
Theplioiin and ten received 10 mg per kilogram atropine live hours after the 
histamine injection The lemaining ten lats served as controls The treatment 
of the smviving animals was cniiicd on foi thirtv dajs aftei which time thej 
were killed and autopsied 

Fiom Table II it is seen that Tlicphoiin has a definite prophv lactic effect 
against histamine induced ulcei formation 1 iglit contiol animals and nine of 
the animals pictreated with atropine died fiom porfoiatcd ulcer during the 
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Tablp I Effect of Thkphoei'c on Histamine Induced Gastkjo Secdetjov in* Dogs 


A 0 1 MG /KG histamine PHOSPHATE 
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Bog 2, female, 10 
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B 0 025 MG /KO HIST\M1\E PUOSPIIATE 
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•Cilculatod from titration 

tThe pH ^\as a\erABCd D^ comerting the pH readings into nonnalitj aieraging tlia 
nornialitr figures and recon\erting to pH 
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hiit no nhers wen found in the ranning inirnils \II rats lo->t uti"ht diirine 
iho cxpcriinintid pi nod ilthou^h nil onimnls hnd free aertss to food ind s otcr 

III 7 h( I (jut of 7/icp/iorm on I leer I ormiition in S/ini/ I all — r iftc mile 
‘^pratnit Iliwlic rat-, nciohme Iroin nO to I'lO ferams preinrtd In the method 
of Sh«c and ecratorkers^ were used in this espenrnent Tssontnlh, after the 
inironls had hien staned for forts ti',hl hours the stoiuaeh wxs Iitatod at the 
p'lonis tinder lieht ethir anesthesia Immcdntels alter closure of the short 
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Fig 3 — E\aluation of degree of ulceration From the top dorm Clear (Thephonn 
20 mg per kilogram) 1+ (Thephorin 10 mg per kilogram) 2+ (atropine 10 mg per kilogram 
3 + (control) 4+ (control) 


abdominal midlme meision two sntuies, the lats weie injected by the sub- 
cutaneous route with the substances to be tested foi antiulcer effect Doses of 
20, 10, and 5 mg pei lulogiam of Thephorm and 10 mg per kilogiam atropme 
neie admmisteied lespectuety to four gioups of ten rats each Eighteen hows 



vcTioN Of TJiJ-pnonjN o\ imTAiiiNr inoucfb o istwc secbftion 


Til 


Tadlb HI The W-rtoitti £,t rccr op Tkepkopiv i v StWi E vis, Eiomw't Bouts 
V rrrt 'Pruttcic l^tontos 



i Nl MBFP ' 





1 1>P i 


A\ERA0E 

NUMBER 


I P \TH 1 

DECPEE Of VI C£KATJO\ 

DEGREE Or 

PERTO 

DOSf fa C 1 

{ fatP 1 

[0(1+1 2+1 3+1 4+ j 

ULCinUTION ' 

RATED 


Ifl 1 1 8 J 7+ 


Thcphorm, 20 rog As tu i 2 1 0 5* 1 

Thephonn, JO mg Ae 10 i 4 1 1 1 13+ 3 

Thephonn, 5 ragAg )» 1 1 l> 1 1 2 0+ 4 

\tropioe 10 mg /kg 10 33221 13+ 2 


latci the ommils weit oiUop+ml llie suiuimg oHts being killed bi elbei in 
Imialimi The degiLC of uleeiation nns einhiitcd as desonbed b> otbei luiesti 
„iton, “ ‘ scoring bodi the tinmlw-i i»d the size of tiie hsions as illustiated m 
Iig 3 The results which 31C eompiloil m Table ni iicie sinking Themaiorits 
of the innnak treated with 20 mg pti kilogiam of Thephonn svere fice of the 
tipicil mimeroiis lesions tound m all contiol annnals Oulj one perforation had 
occurred after 20 nig per kdogiaiii Tlieplionn in contrast to seren in the con 
trois The lower doses of Thephonn had a piopoitionallj lesser effect, 10 mg 
per kilogram Thephonn licmg appiosimatch cquisalent to 10 tng per kilogram 
of atropine Although gastnc jime was coUeclcd from the suniting animals 


T\mc It AnracE \ sii is at 'stiic tsmsEs is ’Smas Rsts Fist Htnts 
SFTFl I \ I me I IC ITIOS 


! 

» oNiroi 

20 RATS 

j /WEPJJOP7S (iO MO/JCC 

1 f5C) 18 BATS 

Vverage volame 

OS 

4 6 c e. 

Arerage pH* 

10 

20 

Average pepsin 

0 aOO uaitfi 

8 000 units 


Thp i)H was a\erabi.U b> conNtrtinc th<' pH reatllnc^ into normii!!t> averaging the 
normant> figure’? anl con\ertlnff to pH 


and await ted for the amount of free hi drochlorie acid the data are useless for 
companson since the stomacli contuits of the sunning tontro] animals had a 
relatnelj Ingh pH caused In the huffermg aetion of blood from the lesions To 
gather information about possible diffcicnees m aciditj and the amount of pepsin 
between contiol iinmals and lats pretreated with 20 mg pei kilogram The 
phonn, a Jne hour eNpeimcnt tsas cauicd out Since practioalli no ulceration 
had occiined within this peiiod the tnie Indrogetiioa conccntiation lalues of 
tho gastiw juice could not he ascei tamed The average results for \olunie pH, 
and pepsin conccntiation — the latter determined bs the method of Kietner” — 
are recorded m Table XV The figures obtimed from tlie animals pratreated 
With 20 mg pel kilogram Thephonn are somewhat lower than thosf fiom the 
control animals, but haidh signifieantlj 

niscussiON’ 

Thephonn has a defimte eifett m leducmg the gastiic secretion induced in 
dogs by histamine This particulai antihistanunic action of Thephonn is less 
maiked than its action against otiici important effects of histamine In a senes 
of capenments the solume of gastric juict secreted was reduced bs 30 per cent 
a tueh coiicsponds to the inactnation of 75 pei cent of the administered 
histamine 
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Contiaiy to lepoits in the liteiature^"* we succeeded in producing gastiic 
ulceis in lats by repeated administiation of histamine The incidence of ulcei 
foimatioii was inaikedly deci eased after Thephoiin in contiast to contiol ani- 
mals and lats pietieated with atiopine 

The fact that the lats had been used pieviously for a vitamm A assaj may 
liave been an important factoi for the oecuiience of ulcers It has been le- 
poited^® that vitamin A deficiencj per se leads to gastiic ulcei foimation in 
rats The possibilitj' whethei a low vitamin A intake eailiei in life is a piedis- 
posing factor foi the pioduction of ulceis by histamine in lats has to he coii- 
sideied This pioblem is now undei investigation and pieliniinaij^ evperiments 
seem to indicate that high doses of vitamin A have a piophylactic effect against 
histaiuine-induced ulcei formation 

Quite dilfeient ueie the results on ulcer formation in Shay lats Under 
these experimental conditions lioth Thephoiin and atropine were equally effec- 
tive in protecting rats against ulcer formation Considering the small difference 
in hydrogen-ion concentration and in the amount of pepsin between controls 
and treated animals, the antmleei action of Thephoiin cannot be explained hr 
its inhibiting effect on the secretion of gastiic juice It has been shoivn^^ that 
vagotomi can prevent ulcer formation in Shay rats in the presence of a high 
acid eoncentiation Tlie antiuleer effect of atropine is explained by its peiiph- 
eial vagal blocking action, but tins is unlikely to be the case intli Thephorin 
since it Avas demonstrated that its anticholmeigic effects aie relatively weak as 
compared uith atropine The possibility has to be considered that a central 
mechanism is iniolyed iii the pi opln lactic action of Thephoiin Avhich is effectne 
in the piesenee of a lelativeli" high acid eoncentiation It is generally assmned 
that the degree of acidity, although a niajoi factor in the genesis of peptic ulcer, 
IS not the sole cause The eyidence accumulated in tliese studies suggests that 
the action of Thephoiin lepiesents a chemical vagotomy 

It seems unlikeh^ that histamine is the causative agent of the lesion occur- 
ring 111 Shay lats smee atropine has a marked antiulcei effect under these expeii- 
mental conditions but does not pieient histamme-induced ulcer formation 


SUAIMARY 

The antiulcei effect of Thephoiin in Shay rats y^as stiilang The evidence 
aiailable suggests that the effect may be considcied as chemical Amgotomj" 

Thephoiin prevented to a marked degree gastric ulcei foimation in rats 
produced by repeated histamine administration Atropine A\as ineffective 

Thephoiin reduced hlstamine-induced gastnc secietion in dogs ynth Ileid- 
eiihain pouches bj about 30 pei cent 
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THE EFFECTS OF INTKAVENOUSLY ADJIINISTERED HISTAIMINE 
ON THE PEEEPHERAL CIRCULATION IN HIAN 

Khalil G Wakim, MD, PhD,* Gustavus A Peters, MD,t 
Je VK C Terrier, M D and Ba\ard T Horton, M D t 
Rochester, JMinn 

T he use of continuous mtia^enous admimstiation of histamine as a 
theiapeutic agent in ceitain diseases made us iiiteiested iii a study of its 
effects on the peiipheial ciiciilatioii in the patients lecening the ding Benson 
and Hoi ton’ studied tlie effects of continuous intraienous injection of histamine 
on the blood piessuie and lieait late in patients yith multiple scleiosis Thei 
did not obtain a significant change in the s^stoIlc blood piessuie, but the 
diastolic blood piessuie showed an aieiage fall of 17 mm of meicuiy with a 
laiige of fall of 9 to 27 mm of meicuiy below the contiol value "Withiii ten 
minutes aftei admiiiistiatioii of the ding had been stopped, the piessuies le- 
turned to ivithni 3 mm of meicuiy of then oiignial lei els The heart late 
iiici eased an ai eiage of thntj'^ beats pei mniiite, with a laiige of mciease fiom 
tweiitv-thiee to thnti-iiine beats pei minute The heait late also leturned 
quickly to eoiitiol levels aftei admnnstiatioii of histamine had been stopped 
In an excellent study of the systemic effects of histamine in man, IVeiss 
and associates- lepoited that Instamine is piomptlj com ei ted into inactive 
substances in the human liody They found the uiniimal effectii e amount of 
histamine base in man to be about 0 003 mg pei minute In obseii ations of 
ti\o houis’ duiation histamine up to toxie doses failed to pioduee any lowei- 
ing of systolic aiteiial blood piessuie, but the diastolic piessuie shoved only 
a tendency to fall and in many instances it also lemained unaltered They 
stated that the effect of histamine on the cutaneous blood vessels is not uni 
foim The most chaiacteiistic effect is dilatation of the venules, independent 
of the dilatoi effect on the aiteiioles In some cases the cvanotic flush and 
lack of elevation of the cutaneous tcmpeiatuie smcgestcd a failiiie, eieii of 
toxic doses, to dilate the aiteiioles Sometimes laigei doses aie needed to dilate 
the aiteiioles than those that dilate the venules The intiavenous infusion of 
0 02 to 0 03 mg of histanune base pei minute iiici eased the minute eaidiac out- 
put about 20 pei cent ovei the contiol value and vas accompanied by a slight 
1 eduction m stioke volume A slight but distinct inciease in the mean velocity 
of blood flov V as noted 

Haimei and Hams,’’ and also Cairiei,'' stated that histamine pioduced 
dilatation of the slnn aitenoles m man Haimei and Hams noted an increase 
ui heait rate of tventy beats per minute but veie unable to detect plellnsmo- 
giaphicallv anv increase in blood flow to the limb as a vholc in human subjects 
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under the influeuee of histamine Tlieiiiioeouples, Iioueiei, showed a rise in 
skm tempcratiiio wliicli was intei preted as indicating that the blood is flow 
ing more quid Ij thiougli the si in \essels When histamine was gi\en 
intravenoush thea noted that the effects aveic complete in thiee to four 
minutes One tw entietli milligiain of histamine hydrocliloride ineiensed 
cutaneous lilood flow Eeddemng of the slun and use in slon temperature 
wcie definite The sjstolie and diastobc blood pressuie fell slightly and theie 
was some incicase in heait rate Caiiici rcpoited that the application of 
histamine to the base of the fingernail in noimal human beings in a dilution 
from 1 1,000 to 1 10,000 caused widening of the capillaiies and acceleiation 
of capillaij blood flow 

In summaiiring the eaidence Best and McHenia stated that small doses 
of histamine Iiaac little if anj effect on the heart but somewhat laigei doses 
increase the foice and late of the heartbeat in most species 

Aurep” leported that histamine dilated the eoronaiies in the human heart 
lung preparation 

In a stud' of the lasodilator action of histamine and its pli'siologic 
significance, Biiiii and Dile' esplaincd the difference in leaction to histammo 
obsei'ed in aaiious species of inimals as being due to the variation of the level 
at which the constrictor effect of histamine on the cential poition of the vascular 
tiee changes to a dilator effect on the peiipheral portion In the dog the con 
stnetor effect changes to a dilatoi effect at the lea el of the small visible arteries 
In the cat the constrictor effect is present even at the level of the arterioles but 
mostlj in the eapillaiies In the rodents, the constiictor effect is pushed so far 
to the periphery that its change to a dilator effect escapes detection 

Prom lus woik on liistamme shock Rich' concluded that histamine exerts 
a local dilator effect on capillaries and on the smallest arterioles and venules 
which border the capillari sjstem The ciiculatoiy failure in histamine shock 
IS due to dilatation of the peiipheral vascular bed 

Prom the woik of Dale and associates’ ' “ and Weiss and associates’ it is 
suggested that tlieie probably exists a shift m the locus of action of histamme 
as the evolutionarj tiee is iscended Arterial constriction maj be the pre 
dominant effect m rodents In the cat there is a slight constriction of the 
arterioles, but the capiUaiies are dilated In the dog and the monkej both 
arterioles and capillanes dilate In man also the aitenoles and the capillaries 
of the skin and of the bram dilate 

Since as the liteiatuie convincinglj indicates the action of histamine varies 
m different species it is liazaidoiis to interpiet its action in man bv observa 
tioiis obtained fiom animal expeiimentation Thus makes it obvious that in 
order to obtain infoianation on the action of histamine in man the observations 
should be made on man This study deals with the effects of histamine on the 
peripheral circulation m human beings who weie given histamine for 
therapeutic purposes and who volunteered for the im estigation The clinical 
observations and the laboratory data were obtained simultaneously on the 
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same subjects, in oiclei to avoid species oi individual diffeiences, and undei 
the same conditions, in oidei to avoid as many as possible of the factois that 
might mtioduce vaiiations 


METHODS 

Human subjects -u-ho uere receiving histamine intrai enouslj bj infusion over a 
period of about two hours for therapeutic purposes volunteered for this studj Before 
the observations were started, the patient was asked to he quieth on a comfortable bed 
for about tliirtj minutes in a constant temperature room at 77° F with a humidity of 
about 40 per cent Blood flov studies on all four extremities were made bj means of the 
venous occlusion pletlijsmograph with a compensating spirometer recorder 12 The arm 
plethvsmographs included the hand, wrist, forearm, and part of the arm up to 2 inches 
(about 5 cm ) above the olecranon process The leg plethj smographs included the foot, 
ankle, and leg up to 1 inch (about 2 5 cm ) below the tibial tuberositj 

The cutaneous temperatures were recorded galvanometrically bj means of thermo 
couples applied to the foiehead, to the skin over the right and left deltoid muscles, and 
ov ei the right and left quadriceps femoris muscles All fiv e thermocouples were kept in 
liosition throughout each period of observation (more than two hours), and the tempera 
tiires were recorded as required at intervals 

The heart rate and svstolic and diastolic blood piessure were recorded bj the usual 
clinical procedures 

Histamine diphosphate was adiiiinisteicd to each patient intravenously bj continuous 
infusion in a concentration of 1 250,000 in phvsiologic saline solution at successive rates 
of 0 004, 0 OOS, 0 016, 0 020, and 0 024 mg of histamine diphosphate per minute respee 
tivelj The duration of infusion at each rate was twentv minutes Control values for 
skin temperatures, heait rate, blood pressure, and blood flow were established before the 
infusion of histamine was started All the observations were repeatedly taken at regular 
intervals thereafter for each of the periods of infusion at each of the infusion rates and 
for five to fifteen minutes after the infusion had been stopped 

RESULTS 

Table I piesents the peicentage change in blood flow in the four extiemities 
of subjects that weie given histamine diphosphate intiaveiiouslj' bj' continuous 
infusion at the vaiious lates specified It can be stated geneially that the magni- 
tude of mciease in blood flow of the uppei extremities is gieatei than that 
of the lowei e\ti entities and that 111 both cases the inciease is loughly piopoi- 
tional to the dose of histamine administeied namelj", the laigei the dose, the 
gieatei the mciease in blood flow In a few cases, especially when small doses 
of histamine were given, theie was a tiansient 1 eduction 111 blood flow 111 one 
01 moie extiemities Because Patients 8 and 21 could not tolerate liighei 
dosage, the infusion of histamine was stopped at the dose of 0 016 mg pei 
minute Five minutes aftei the intiavenous infusion of histamine had been 
stopped, the augmentation 111 blood flow was veiy much 1 educed Evidently, 
as indicated fioni this woik and fiom otlieis,= consideiable amounts of 
histamine are lapidh inactivated in the body 

The changes 111 the systolic blood piessuie piodiiced bv the intiav enoiis in- 
fusion of the amounts of histamine used in the study weie insignificant, but 
the diastolic piessuie showed a consistent diop of 10 to 15 mm of meremj 
Hovvevei, soon aftei the infusion of liistamme had been stopped, the blood 
piessuie letuined to the contiol leyel 
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Table I PE^CE^TVCE C^A^GE (Ttp Ca sol B-/>op FLor~ c the Ei'~rE3mEs Pra r 
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i s or ui'^TuiNE J \r"Er 
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Table U Average Change in Cdtaneous Temperature During Infusion 
OP HisTAAnNE (Ten Cases) 


1 

THERMOCOUPLE I 
APEV 1 

CUTANEOUS 
TEMPERATUFE 
BEFORE 1 

HISTAMINE 1 

amount of histamine guen 

1 (MG PER MIX ) 

1 0 004 

1 0 008 1 

0 016 1 

0 020 1 

0 024* 

Foreheid 

341“ C 

0 2“ C 

02“ C 

0 3“C 

0 2“C 

0 2“C 

Eight shoulder 

32 4 

0 

01 

05 

1 0 

2 2 

Left shoulder 

32 8 

01 

04 

1 1 

1 3 

1 8 

Eight thigh 

31 3 

04 

06 

14 

18 

3 1 

Left thigh 

31 7 

05 

06 

12 

2 1 

3 6 


•Three cases onlj 


In eight subjects the heait late was taken dining infusion of the diug at 
the various lates The aveiage inci eases m heait late over the contiol value 
were six beats pei minute foi the mfusion rate of 0 004 mg of histamine 
pel minute, six beats foi the late of 0 008 mg pei minute, mneteen beats foi 
the late of 0 016 mg pei minute, and twenty-thiee beats foi the late of 0 020 
mg per minute Within ten minutes after the infusion of histamine had been 
stopped, the pulse late piactieallv returned to the control value 

Table II shows the aveiage uses over the control tempeiatures produced 
dining the intia-venous infusion of histamine It can be stated generally 
that, with the exception of the foiehead, the gi eater the rate of infusion of 
histamine, the gieatei the use ni cutaneous tempeiatuie Soon after the 
infusion of histamine had been stopped, the cutaneous tempeiatuie began to 
subside towaid the contiol level 

As seen in Table II, the changes m skin temperatuie vere gieatei ovei 
the lower extremities than over the shouldeis and foiehead This is attribut- 
able to the 1 datively much gieatei perspiiation ovei the forehead and 
shouldeis than ovei the nud-iegion of the lowei extremities We believe that 
the cooling due to the accumulated fluid secreted by the sweat glands undei 
the theimocouples accounts foi the i datively lowei temperatuie recoided 
from the skin ovei the foiehead and shouldeis 

COJniENT 

When it vas lepeatedly obscived that the flushing and increase m blood 
flow were greatei in the uppei pails of the bodv and in the uppei e\tiemilies 
than in the lover cxtiemities, three possible explanations came to mind 
The first tvo and moie probable ones weie as follows (1) The uppei parts 
of the body (face, neck, and aims) aie usually moie diiectly exposed to the 
emuionmental factois and consequently moie mtunsic histamine and his- 
tamine-like substances aie coiitinuouslv libeiated This endogenous histamine 
supplemented the effect of infused histamine and gave findings of greatei 
magnitude in the uppei extiemities than in the piotected lowei extremities 
(2) The piesence of a vasoniotoi gradient, vasoconstriction being least in 
the face, progiessivdv inei easing dovnvaid, and becoming highest in the 
toes, may account foi the diflPeiences in degice of flushing and ledncss, which 
were gieatest in the face and veie piogiessndv less till they veie almost 
unnoticeable ov ei the legs dining the administi ation of histamine 


IXIEATENOCSLT iDJirSTSTEPED UI^Ti IINE V^D PERIPHEPAt- CTRCCLATIOS 3S5 


Fnndameutal differences in the rasomotor reactions of the hands and 
reel have been obsen ed Pickering and Hess' reported that in normal snb 
jeefs the vasodilatation in resj msc t warming of the bodv becomes endent 
in the fingers earlier than it dors in the tots Ther concluded that the delayed 
response of the toes as compare! lath the fingers, is attributable not to a 
difference m time but to a difference in intensity of the yasomotor relavation 
in upper and low er extremities i-, a result oi warming of the body, loss of 
vasoconstrictor tone in the upper evtremities is complete while in the lower 
extremities it is incomplete 

Horton and associates' mted prompt nse m the surface temperature of 
the fingers in patients given ti-phoid laerme intravenously, whereas there was 
a distmct lag m the rise in suri-'e< temperature of the toes as compared with 
that 01 the fingers 

A distinct vasomotor gradniit was demonstrated m normal subjects inth 
reference to the face hands iiid i 1 1 alter administration of alcohol The 
maximal degree ot lasodilatati m i is in the late with decreasing degrees in 
the hands and feet Regardless oi the vasodilator agent used the nse in sur 
laee temperature appeared first in th-- laee then in the fingers and later in the 
toes The degree of \ asoconstnetu n is greater m the toes than m the fingers 
The npnglit posture in man mav attount loi the greater degree of vasoeon 
stnction in the lower extremities as compared with that of the upper The 
difference in intcnsiti or vasoconsanction in the toes and fimgers mav not be 
evident in terms ot sunaee temperature but is easily demonstrated when 
vasodilator agents are administered 

A third possibility that because the arm veins were used tor miusion the 
upper parts of the bodv received more Imtamine berore it was exposed to the 
destructive enzvmes oi the blood and tissues was disproved and eliminated 
when We gave the miusion oi histamine several times into the leg veins m 
stead of the arms and still the flush and increase in blood flow were greater 
m the upper parts oi the bodv and upper extremities than m the lower ex 
tremities 


SWIWVPV 

Intraienoit. administration ot hLstamuie diphosphate in a concentration 
of 1 250000 m saluie solution at successive rates of 0 004 0 00® 0 016 0 020 
and 0 024 mg per nuiinte respectively produced cutancons vasodilatation 
which appeared first over the laee and neck ot the patient and gradnallv ex 
tended downward over the upper extremities and thorax, reaching the lower 
extremities onlv toward the end ot the penod ot observation when the higher 
rates of ininsion were Used There was a definite increase m «kin temperature 
and in heart rate and a shght decrease m diastohe blood pressure 

The blood flow m the lonr extremities gradnallv increased m proportion to 
the dosage used until at the highest rate of infusion of 0 024 mg ot histamine 
per minute the average increase ra blood flow over the control values was 244 
per cent in the leit arm 120 per cent in the right arm 76 per cent m the left 
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leg, and 28 pei cent in the right leg Howevei, five nunutes aftei the infusion 
of histamine had been stopped, the increase of blood flow averaged only 46 
pel cent in each of the aims, 40 per cent in the left leg, and 14 per cent in the 
light leg The changes in slan tempeiature, blood flow, heart rate, and blood 
piessiiie graduall}' subsided, and the values letiirned toward the contiol level 
shoitly after the mfusion of histanune had been stopped 
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PHOTOEMCTRIC DETFRAIINATION OF ARTERIAL OXYGEN 
S \TUR\TION IN IIAN 


E\hl H AYood AI D Ph D * vnd J E Gebvci, JID f 
Rociiestet, JIinv 

A\’'mi THE Tl CIIMt \I OF JI NeHEF AND L Ckomin 

T he Jlatthcs,’ Millikan ’ nml < oMic* oMmeters liaie gieath facilitated tlic 
studi of changes 111 'll teinl o\i gen Mtuntioii m man Honeiei since these 
instruments must be incsit to knoun niteiial satiintion nlues thej cannot be 
coiuenicntlj used in patients who nns hue "iiteinl hspoMa, noi can they be 
used for the nctinl deteinnmtion ol arttiial o'cigcii saturation Furtlieimorc, 
extensile cslibntion studies iiilli Ihe JIilliKan conipLiisated ciieiiit ovimetei 
earned out in this laboi itoi i h m in Idi d such i anablc lesidts that it has been 
concluded that o\imctcr satuiatioii leadings are of only qualitatiic value in 
indicating changes in iilcint ov'geii sntmation Consequently studies have 
been cained out lu an attempt to eliminate oi minimize these shoiteomings of 
the mstrument 

A deneo mil bo deseiibod liorom iibicb can be used to mcasuio tlie absolute 
value of, and follow coiitiiiuouslv the changes of the aiteiial oxvgen satuiation 
from a piclcup unit attached to the pinn i of the human cm This is aocom 
phslicd hj means of a pliotockcliii earpiece wliieh allows simultaneous mcnsuie 
went of the tiansiiiissiou ot icd and ncai lufiaicd light thiongli eithei the noi 
mal heat flushed eat or the bloodless cai Then by calciilation, the light trails 
mission of the blood alone in these speetial logions can be detemined and m 
tuni tlio percentage oxigen saUirntioii of this blood content can be derived 

OPEBVTION VND CONSTBUCTIONJ OF THE INSTRUMENT 

Although it was oiiginally assumed that the Millikan oximeter responded 
to transmitted light in the icgiou of the icd and the green ® it has been pointed 
0Ut'» that whole blood films of approvmmtelv 1 mm depth tiansmit practically 
no light of a wave len„th shoitci than 600 milhmicions ' The noimal human 
ear has similar ehaiactoiistics ” Theieforc the operation of the oximeter is 
based on diffeienccs in tiansmission of light by oxygenated and reduced homo 
globin which occiii in the led and near inflated rather than in the red and 
gieen portions of the spectrum as oiigmallv supposed 

The Millikan oximetei eai piece contains two bariier layei iron selenium 
photoelectric cells, each covered by a specific AVratten gelatin optical filtei 
Assuming a constant light source in the eai piece the amount of light transmitted 

This stud hns been gre'itlj facllllotcd bj thf professional assistance of tlie Section on 
^ngineerlne and Mr R StoAs Fellow in Bioplijslca Majo Foundation 
Received for publication Nov 15 UiS 
Section on Phjsloloffj 'Majo Clinic and Mayo Foundation 
tFelloAA In Medicine Mayo Foundation 
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leg, and 28 pei cent in the light leg HoAvevei, five ininntes aftei the infusion 
of histamine had been stopped, the inciease of blood flow averaged only 46 
pel cent in each of the aims, 40 pei cent in the left leg, and 14 pei cent in the 
light leg The changes in slon tempeiatuie, blood fiow, lieait rate, and blood 
piessuie giadnally subsided, and the values returned toward the contiol level 
shortly after the infusion of histamine had been stopped 
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PHOTOKMCTRIC DPI [ KM1\ VTION OP ARTERIAL OXVGFN 
s \ 1 1 R \TIO\ IN 1L\N 

E\ri.II Wood 11 D lull * \\d J B Getvci, HDt 
liOiUH-TJr JIL.N 

IV 1 TH TiiL Ti-cnsii M I- I 1 vMi or II Neiiep ind L CroMN 

T he JIattlics ' MilliKa/i m I < * o'^imetere lii\ e greath fncihtatecl the 

stu(l\ of cliaiigcs in ailei i il ii\i _i n Mini ition 111 man Honeier, since these 
instniments must lie piesit tn kmmn iiKuiI saturation aalues tliea cannot bo 
comcniontla itscd in pitunts " hn inn bno niteiial ]n7)OKia, noi can tliej be 
used foi llic actual dettininiali II (l nttrial oicj gen saturation Purtlicianoio 
ealensne calibiation studies uilli im illillil an compensated eiiciiit OMnietei 
caiiicd out in this laboiaton lii\i ' Idid such a ariable results’ that it has been 
concluded that oximetei satui itwii leadings aie of onh qualitative value in 
indicating ehangos in aitoiial (iwjfii situiation Consequently studies hate 
been eaiiiod out in an attempt to itimmate 01 minimize tliese shoitcommgs of 
the instrument 

A del ICO mil bo desciihed lituin uhich cm be used to measure the absolute 
value of and follow contimiousK tin eliniigcs of the ailctial ow^eu saturation 
fiom a pickup unit attnclicd to the pinna of the htmian cai This is accom 
plishcd bv means of a pliotocleitiii caipicce vihich allows simultaneous mcasuie 
ment of the tiaiismission of red ind iieai infiaied light through eithoi the noi 
mal heat flushed eai or the bloodless cat Then bj calculation, the light trails 
mission of the blood alone in these spettial regions can be determined and in 
turn tile peicentage oxvgcn satuiation of this blood content can be derived 

OPERVTION AND CONSTRUCTION OF THE INSTRUMENT 

Although it was oiignially assimicd that Uie UMlikan ovimetei lesponded 
to tiansmitted bght in the ie„ion of the red and the green ’ it has been pointed 
out’ " that whole blood films of approNiniatclj 1 mm depth tiansniit piacticallj 
no bght of a wave length slioitei than 600 millmucions ’ The noianal human 
car has similai ehaiaeteiistics ” Tlieicfoie the operation of the oximeter is 
based on ddfeiences in transmission of light by oxygenated and reduced hemo 
globin -which occui in the icd and neai inflated rather than in the rtd and 
grten portions of the spectrum as oiiginallv supposed 

The Millikan oximetei earpiece contains two barrier lavci lion selenium 
pbotoeleetiio cells, each coveicd bj a specific 'Wratten gelatin optical filter 
Assumi ng a constant light souice in the caipicce, the amount of light transmitted 

V'r. , Ims boon greatlj facIlitntMl bj the professional aflsiitanrfv nr fj.« 

Entinccrine and Mr R W Stou Fellon In Biophjeics Ma^o Foundatlon^'^ Section on 

Recelied for publication I^o\ 1 1D48 
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Kiff 1 — Modified ovimetei earpiece A, inlet to pressure capsule B, pressure capsule 
C, rubber diaphragm of pressure capsule (capsule inflated to 10 mm of mercuri) D housing 
for photoelectric cells E leads to light bulb F adjustable earner of light bulb and piessure 
capsule ffj adjustable clamp to fix position of light bulb and pressure capsule H leads to 
photocells 

through the pinna of the eai and the filtei-s to the pJioioelectiic cells is a func- 
tion of the fixed chaiacteiistics of the lespective filters, the amount of eai tissue, 
and the amount and state of oxygenation of the blood in the path of light 

One of the photocells is covered by a gieen Wiatten 61N filtei, which trans- 
mits light in the spectral region from 480 to 600 ni/i. and in the region above 
750 miUimicions This cell, which has been called the “green cell,” aetualiy 
responds to Irght in the near infrared Tins is due tc the fact that the ear 
absorbs practieallj" all hght of a ware length shorter than 600 mp. and the 
response of the photocell falls practically to zeio for light of a wave lengtli 
gieatei than 850 nullimicrous Theiefoie this cell (the “infiaied cell”) is 
activated only by light of a wave length of appioximately 800 millimicions 
Since oxj’genated and reduced hemoglobin transmit light of this ware length to 
practieallr the same degree,® the output of tlie infiared cell is a function of 
the amount of ear tissue and blood in the optical path and is independent of 
the degree of oxygenation of this blood 

The other photocell is corered by a icd ^Ylatten 29P filtei, rvliich tiansmits 
light of rrare lengths greatei than 600 milliimcrons The peicentage tians 
mission of red light (600 to 750 m/x) is rei-y diffeient for oxrgenatcd and foi 
reduced hemoglobin Hence the output of this cell (the “led cell”) is a 

function of the amount of ear tissue and loth the amoxmf and the dcgtcc of 
oxygenation of the blood in the path of the light If the cai tissue and amount 
of blood aie constant, the output of the red cell is a function of the oxr gen 
satniation of the blood inteiposed in the optical path of the earpiece ’’ 
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In the MiUiKan oMmetei tlic amount of cni tissue and blood m the optical 
path IS compensated foi bv adjustiiif, the instninient to indicate v laio'mi value 
of saturation (usunllj 9S oi 100 pei cent uhen the subject is breathing an oi 
100 pel cent osigcii) ■nliilo the oaipiete is in place on the ear on which it is to 
bo used Vanatioiis in tlic amount of blood in the optical path aie then com 
pensated for autoinatieillj bj bud mg the output of the infraied cell agem^t 
tlic output of the red cell 

Tho instiument to be desenbed is based on the same spectral transmission 
characteristics of hemoglobin is is the Millikan oNimeter It differs honeier, 
in the tjpe of earpiece infi iied filfi r and eleetiital ciicuits used 

The earpiece (Pig 1) diffcis fiom the caipiece of the Millikan oximeter 
in tint tho light source iiistt id ol being fixed in position is incorporated into 
an adjustable eiliiidrieal Iiousnig designed so that it can be fixed secuielj in 


LAMP (6 V 0 25 A) 



FIs — Circuit diagram of niodifled oximeter I Inlet to pressure Cap ule £ glot's disk 
rubber diaphragm G gral\ anomettr'* (50 cm bciIc coU resistance S 800 ohms nj timal 
uamplng resistance 50 000 olinis scnsitHit> 0 OOOC n Icroanipere per millimeter deflection 
period 4 bcconds) / Iron selenium photocleclnc c lls co\ red bj a M ratten Infrared filter 
(dashed line) R Iron cKnlum photoelectric cell co>crcd bj '\^ ratten OF red filter (dotted 
line) 50 £. 50 000 ohm pottntlometer control for Infrared cell 5 A 5 000 ohm Potent ometer 
control for red cell 

the desiied position relative to the car Tlio end of the light housing uiiicli 
comes in contact nith the eai contains an an tight chamboi, tlie piessuie capsule 
The BUiface of the picssurc capsule tonaid the light bulb is of glass, vhilc the 
suifaee toward the eai is covered with a thin translucent rubber dam thus 
absorption by the capsule of the light being tiansmitted from the light bulb to 
the ear is lelatneh smill 4. 1 cm length of No 22 gauge Ingiodermic tubing 
senes as an on inlet to the picssurc capsule and is connected to a hand bulb 
and mercurj maiiometci b\ means of a suitable length of sons I tubing AVheii 
the earpiece is placed on the eai the unit housing the light is adjusted so tint 
tho end (eoseied with lubber dam) fits sniiglj but not tightly against the front 
surface of the pinna Thus when the pressure capsule is inflated to aiteiial 
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oechisne piessuies (200 mm of meicuiy) the puma is Compiessed betMecn the 
lubbei diaphiagm and the flat, fiont sinface of the photocell housing so that the 
blood IS squeezed fiom the poition of the eai witlun the optical patlnviU of the 
eaipieee The photocells aie eoveied with a mask containing a ciicuhii opening 
12 mm in diametei, 11111011 is 8 min less than the diainetei of the suiface of the 
piessuie capsule IMaskiiig of the photocells in this mannei assuies that all light 
leachmg the cells is tiansmittcd thiough a poition of the eai ivliich can be 
efficientlv piessuiized by the capsule 

An infiaied Wiatteii 87 gelatin filtei is used to coiei the mfiaied cell in 
place of the Wiatten 61N filtei used in the oidniaiy ovimetei eaitnece Palseh 
high values foi the inf 1 died tiansmissiou of the bloodless eai aie obtained if the 
61N filtei IS used, since it has been found that the “bloodless eai” tiansmits 
significant amounts of light in the gieen spectial region tiansmitted bj the 61N 
filtei 


The outputs of the led and the infiaied cells aie lecoided sepal atclj' by 
means of gahanometeis*' vliieh have a sensitivit> such that 0 0006 micioampeie 
pioduces a deflection ot 1 0 millimetei A schematic diagiam of the ciicuit used 
IS shov n in Pig 2 


PROCEDURE 

Tlie earpiece is placed on an optical llltert (E JOO) and allowed to become narni 
The infrared and red cell outputs aie adjusted bj regulating their respective variable 
resistors to produce equal galv anometei deflections (usunllj 50 to 70 mm depending on the 
anticipated optical densitv of the ear) Headings are then t iken in succession on the 
E 100, E O, and ER test filters, t aftei which the earpiece is placed on the ear Galvan 
ometer readings aie recorded at intervals of si\tj seconds until a constant value is reached, 
indicating that the eai has become fuliv flushed Usuallv this occurs within ten minutes 
The pressure capsule is then inflated to 200 nini of mercurv and readings are recorded at 
luteivals of thirtv seconds for live minutes I'he pressure is then released and readings 
are continued for an addition il period of live minutes or until the completion of some 
observational procedure Readings aic usuallj taken at inteivals of ten seconds during 
withdrawal of arterial blood samples and it intervals of thirtj seconds during the adminis 
tration of low ov.v gen mixtures If the observ ational procedure is of more than thirtj 
minutes’ duration, the “bloodless car readings’’ (pressure capsule inflated to 200 mm of 
mercurv) are redeteiniined it the end of the period ot obseivation Readings on the opti 
cal filters are repeated at the end ot the proceduie in order to be certain that the response 
of the device has remained stable throughout the jicnod of observation 


•Bulucon box galvanometers (catalogue No 3115) with a coll resistance of 1 500 ohms 
a critical damping resistance of -10 000 ohms and a pcilod of o to 0 seconds were used A 
single galvanometer can be used bv incorporating a double pole double throw switch so that 
either tlie red or the infrared circuit can be connected individuallj to the single galvanometer 
A galvanometer speciallv designed for this instrument is available (Rubicon Companj ) con- 
sisting of two galvanometer elements housed in a single cabinet with a single direct (visual) 
reading scale 20 cm in length 

(The E-lOO Alter is composed of the following materials in the order in which thev arc 
n vmed 

1 One pit-ce of gl iss 2 j nini in thickness ground on the inner surface w ith No SF 
carborundum gi it. „ , „ „ 

J One laver ot tiacing paper (Albanene tracing papei 195L-t2 Keuffel and Esser Com 
panv Hoboken N J ) 

3 One AV ratten OOP Alter 

4 Three lav ers of tracing paper 

5 One Written 295 Alter 

fi One laver ot tracing paper 

7 One plain gl iss slide measuring 1 1 mm in thickness 

+a')ip F-O E-lOO and E-R Alters were constructed empiricallv to simulate the tians 
Characteristics foi near infrared and red light of an average bloodless ear and an 
"ic Unshed with 90 and with 30 per cent s Unrated blood respcctlvelv The composition of the 
T? w^nlter is iSntie a to th U ot the 1 -100 Alter except that one ot the _9r Alters is replaced 
p'R *3, S(ttpn 70 Altei The E-O Alter consists of an 0 50 AVratten neutral densltj Alter inter- 
pos^d'beUveen the same glass components as used for the L-lOO and E-R Alters 
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CM cm VTIONS 

TIio Jiniount of Jjjrht iiI/vor}u<l In tJm portion of flu tnr intorposcfl Iietuecri tlio con 
stnnt li^ht source niul tlio plintoctlls ot tlio inrintpe is nn itwcrsc function of tlit lofjnntlmi 
of tlio puhiinomcter detlcctiou prodiueil In tlu output of tlio pliotncclls 1 urtlicrniorc, the 
totnl liplit nlisorption In tins porlinu of llu cnr ih uii iiddituc effect of tlic liplit nbsorbod 
b\ the ear tissue projitr niid 1)\ tlit blood rjiitnincd iii tins ear tissue Coiiscqucnth the 
amount of liplit absorption 1)\ tlu- 1 lood contiiiiiLd In tins tar tissue is a function of tlic- 
dtfTcronco boti\cen the liplit absorjtion of tin bloodless tar and the liplit absorption of tlio 
blood contaminp tar 

Therefore a \aluc uIiipIi is a luiittioii ot tlu alworjitioa of infrared liplit b\ tlio 
blood (Iltn) can bo obtained In the following equation 

111 

lltn = lop IT -lopTRs = lop Ills 


in uhich 111 IS the pah anomoter deflection j roduced In the infrared cell when tlio ear is 
rendered bloodless b\ the pressure capsidi -ind II1\ is the pnU 'inoinctcr deflection produced 
b) the infrared cell ^\hcn the ear is m tlu uorin il blood containinp state 

Sinularh a \alue (lln) winch is n fiuiction of the absorption of red liplit by the 
blood interposed in the o])tical path of llu cnrpicct can be obtained b\ the expression 
R lop 2L- in w Inch R is the paUnn nu ti r deflection produced In tho red cell when tlio 

car la rendered bloodless and It is tlu pnh anonicli r deflection obtained from the blood 
containinp car 


The absorption of bpbt In blood in the near infrared is a function of the total 
amount of hcmoiihhin contained in tin blood I iKcwiso absorption of red lipht bj this 
Iflood 18 n function of the amount of oxyh< moolohtn and totnl liomoplobin Therefore, the 
ratio IlB/IIln IS n function of the ox\pen flituration of tho blood interposed m tho optical 
path of the earpiece ‘snieo this bl>od is rendered arterial In tho increase in blood flow 
through tho oar produced In the luut of the carpioco,’ * tho expression Rn/TRi pnes a 
'aluc which is a function of the iicrcuUnpo saturation of arterial blood with oT\pcTi 


The exact nature of the relation hip between Rn/inn and arterial ox\pon paturation 
fTiaj be determined expcriinontalK aiul a cnlibmtion cur\o winch will allow ox>pon 
saturation to bo deterimnod from Itn/IRr mtios inuj bo conHtniptod 


Mf'TnODS 

The calibration and ranpe ot oiror of tlic instrument lm\c been studied m three wu>h 
1 Tho ratio Ri/IRn has liecii culcul itcd from the rondinps of tho instrument obtained 
when recording from thirty fi\c cars of twciite throe normal subjects (ape riinpc, 5 through 
08 jeara) while tlle^ wore breathing room air or TOO per cent oxjpen The \nlucs of 
bB/IIti, obtained for each ear have been plotted uguinst the arterial oxygon paturation on 
tho as umption that tlie arterial oxigin siiuriition of these subjects was 1)7 {>t unci TOO per 

, The matlicmnttcal expression of this rclntlonshtji can lie dcr{\cil on the basis timt Cccr s 
anplies to the transmission characteristics of rcU an«l infrarrtl light b> henioglohln In cir 
cuiatlng whole blood assuming (i) that the response of the infrared cell Is completely indc 
pendent of the oxjgen atuntlon of the translllumlnatc 1 blood 

s = (lot H /n-. - loE in /irn) - -—J— 

J\ — I I I —I I 

( ) that the response ff the Infiarcd crll Is not comptfteij Independent of the dCfeTce of 
oxygen saturation of tho translllundnatcd blood 

^ =100 (K log n /Rn - K log IR /lUx) - [{I ^ I ) log IR /IR - (K, ~ I ) log R /Rv] 

In which S Ib the per cent )x>gcn mtunition of tlic tiiinsINumlnntcd llofd 1 Ki I I j 

and K. ar constants the ab orptlon roefllclcnts of total oxjgfnatfd anl reduced hemoghbln 
for rel anl Infrared light anl R Rn IR and Ills aic defined In the text 

riie e cfjuatlons were dcrJir) b> air R r* Slow P<Hd« In Rloj ))\ its aiiijo Foundntlon 

ta'crugc \alue bnsfd on a»n Sljk iinuUscp <f arterial blool sample obtained from 
tlJ ntj nine resting subjects bnathing iilr (nltltudo ] OtO fcft) Jxtiemo ^ iluos J4 1 t ► 
101 Per cent 
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cent ^hen brentlnng an and oxygen respectnelj The average values ol)tamod lint lam 
used to establish the calibration curve of the instrument in the region from Uo to 100 per 
cent arterial oxj gen saturation (Fig 3) 

2 Bj the use of an induelling arterial needle, is blood samples have been obtained 
from the radial arterv of live noimal white and five normal Negro subjects after periods 
of two and a half to ten minutes of breathing each of the following seven gas mixtures 



Fip o — Empiiical calibration curve of modifletl oximeter earpieee (No 1) for photo- 
electric determination of absolute values of arterial oxjgen saturation m man Based on 211 
simultaneous pbotoeleoti ic and Van Si>ke determinations of aitenal oxjgen saturation 

air, 100 per cent oxvgen, and 16, 14 12, 10, and S per cent oxjgon in nitrogen Instru 
mental readings were recorded throughout the period of withdrawal of each of sixtv two 
arterial blood samples These readings were averaged and the average value of Ri,/TRii 
for each sampling period was calculated The values obtained have been plotted against 
the arterial oxygen saturation as determined bv Tan Slj he analyses^ of the simultaneouslv 
withdrawn arterial blood samples (Fig 3) 

3 Similar methods have been used to obtain instrumental readings dunng withdrawal 
of 150 arterial blood samples from a series of fortv five patients suspected to havm arterial 
h^-poxeniia Arterial hvpoxemia in these cases was a result either of congenital cardiac 
anomalies or of acquired respiratorj abnormalities Polvcvthemia was present in the ma 
joritv The average values of Rn/IR,, calculated from the instrumental readings obtained 
over the period of arterial sampling have been plotted against the arterial oxvgen saturi 
tions determined bv the Van Slvke analvsis of the blood (Fig 3) 




T\b?e I Ut:baof rAriDBATioN D*ita of Photoelectric B'k.RMECE for DpTFrvwmov ot Vbsoiutb Vaiues op Pi-rcentyoc '^vtuk,\tio\ 

OP VFTERIM BliOOI> W 1T« gen 
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KESULTS 

The plot of the calculated values of Kh/IRb against the simultaneous esti- 
mations of aiteiial owgen satuiation by Van Slvke anahsis (Pig 3) does not 
ic\eal significant diffeienees in the data obtained fiom the thiee gioups of sub- 
lects studied Theiefoie, all of these data have been used as a basis foi con- 
stiucting a calibiation cniie foi the nistiiiment The empiiieal ealibiation cui\c 
(Pig 3) vas diaiMi as the closest Msual fit to the 211 expeiimental points 

AYhen this calibiation line was utilized, the photoeleetiicalh deteimincd 
values of aiteiial owgen satiuation of twenty noiinal subjects vhen bieatlinisi: 
,100 pel cent owgen langed fioin 94 6 pei cent to 100 pei cent These sub]eets 
langed in age fiom 5 thioiigh 68 leais Six weie Negroes (Table I) The aiei- 
age aiteiial oxigen satuiation as deteimined bi Van Shke analyses’'* of 111111 ^- 
fiie aiterial samples obtained fiom tventi iioiinal subjects while thei neie 
bieatliing 100 pei cent owgen was 99 1 per cent and thp lange of values was 
fi om 97 3 to 101 1 per cent ^ 

The photoeleetiic deteiniinations of aiteiial o\^gen saturation of t^\enl^- 
thice subjects when bieathmg an langed fiom 92 4 to 99 7 pei cent (Table I) 
The aveiage arteiial oxigen satuiation as deteimined bj Van Shke analyses’^ 
of forti-si\ aiteiial samples obtained fiom tventy-nine nonnal subjects while 
bieatlimg an (altitude 1,040 feet) vas 97 9 pei cent The lange of values vas 
fiom 94 1 to 101 0 pel cent 

At values of aiteiial satuiation between 15 and 100 pei cent, the standard 
denation of the diffeieiices betneeu 211 smiiiltaneoiis photoeleetiic and Van 
Slvke detemnnations of aiteiial oxygen satuiation was 2 9 percentage satuiation 
points This implies a likelihood of 95 per cent that determinations of aiteiial 
oxygen saturation bi this photoeleetiic method will be within 5 8 per cent satu- 
ration of that obtained In Van Shke anahsis of a simiiltaneoiish withdiavTi 
aiteiial sample The range of variation was not appieciabh different for vhite 
and Negro subjects and for patients ivith laiiable degrees of polvcvthemia 
(Table I) t 

COAniFNT 


Photoelectric deteimination of the oxAgen satuiation of blood samples in 
Aitio has been siiecessfiillv earned out Ija scAcial im estigatois ' ® ” ’’ =” Photo 
electuc deteimination of chaiujes in blood ox-a gen satuiation also has been accom- 
plished 111 unopened aiteiies and aciiis and in the intact pinna of the hiinian 


The picseiit lepoit lepicsoiits to the authors’ kiionledgc, the fiist desenp- 
lion of the deteimination of absolute Aaliies of aiteiial oxAgen satuiation in the 
intact pinna of tlie human eai Scjuiic"* m 1040 desciibed a method foi the 


•Anion 100 por cent ovipen broatlied for pcriocl'i of ton minutes tlie quantity of 

o-cinen’- earned in plii«ical solution ini assumed to be 2 0 c c per 100 cubic centimeters 
Therefore tlie oxigen contents obtained under these conditions -ft ere con-ccted for this factor 
bv subtractinsr the constant flsure 2 0 Aluch of the aarlnbiliti in the arterial ox> Ren 'atiira- 
tuins obtained uhen brcatlilUR oxagen probablx results from illations in tlie qii intiti of 
miv^^icnll-r dissolied oxipen and lienc. erroneous coricctions for this factor! 

fit is of interest tiiat the instrument predicted__tlie 
fit 'alien usid on a patient uhose blood contained 0 m Gui of sulfhenio^obm per 100 ce 
fsi -tvlien u«ed oier a scabbed ind blistered area on an eai and f 

a’fold orsUn on the necK and a fold of skin on the thorax of a patient uho Ind dernntolisls 
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cIcteiiiiiimtiQU of tiio quantity of Wood m fhe web of tlio liand and ifi dOaXee of 
o\^RC!latlon He did not lioucati use the method to dotei mine artciial 0^5 gen 
sntmatiou and did not picsent data as to tlie acniiact of tlie method for deter 
mining the dcgico of OMgmi satuiatioii of the hlood coiit imed in the neb of 
the hand 

Tire nccuiaci of the method dcsenbcd hcieiu appears adequate for inter 
imtfcnf 01 continuous climcal dcteiiiimatioii of aiteiial onJoCu saluiation and 
should olniate m nian\ cases the iiecessitr of aileiia) prinetrues for this pur 
pose Multiple detcimmalions on iiidniduil subjects hare indicated that uhen 
large eiaors do occur thei tend to be sssteinatic for that subject This is sub 
staiitiatcd bi the fact that iniic ot the filtccn instances in nhich the diffeicnee 
between simultaneous pbotoeloctiit ind \aii Slake determinations cseccded 5 
pel cent oeenrxed in tbioe subjects 

The accmaei of the iiistinmeiil n is iimitccl in part ba the accuracj of the 
gaUanonietci ieadni_s The instiuinent must tic set so that the gahanometei 
deflections obtained with the hioodloss c n ai e on scale ( that is 120 mm with 
the gab anonietei-s used) t\hen the insdument was adjusted in this inamiei 
tho areiage red cell deflection was CO mm when the subjects blood was 100 per 
cent srtuiatcd and was 40 mm when the subjiets satuiation was decreased to 
mi aieiage rahic of G2 pei eriit In bicatliing S pot cent oMgcii Undei these 
circumstances an ciioi of 1 mm ui leadm^ the gahanometei deflection produced 
hj tho red cell mar lesuit in an eiioi of ippioMmatelj 3 per cent in tho pre 
dieted rahie of aiteual satuiation • 

The aceuracr of the phofoeleetrie estiin itions of aitwial oMgen saturation 
was not disturbed b\ tiio subjoits nalknig on r tieadmill at 1 7 miles per hour ’ 
eonsequonth the method would appeal to he icidilr applicable to the studs of 
arteiial o\rgen satuiation duimg rauoiis caidiornseulai respirators fnnetion 
tests ’ ' and during opei itno pioeeduies 

Picrious oximetei-s hare not been calibiatcd to indicate artenal satuiatious 
of less than 50 poi cent Tin, picsent lustiuineiit liowerer operates satisfac 
tonlr at reiw low lerels of aitriial owgen saturation Seren simultaneous photo 
electric and 4 an Shke dcteimiinfions of axtciaa! owgen satuiation hare been 
made m foui jiatients at lercls of ai terra! OMgen satrrration ranging from 15 to 
21 per cent (Fig 3) It ts of considciable plnsiologic interest that three of 
these patients weie conscious and rational and able to walk on a ticadmii! at 1 7 
miles per hour with ierels of arterial o\agon satuiation which m noimal pel 
sons would produce loss of consciousness within a few seconds 

Since tho mstiumurt was found to perfoim safisfaetoiiij on rerr deeph 
pigmented ears (Negioes) it is probable that the method can he applied to the 
deteimrnation of oNjgen saturation ot the hlood contained m anr human 01 
animal tissue which will allow appheafion of a pickup unit and an incoipoiatcd 
piessuic capsule so that the interposed tissue can lie sucecvstulh tiansilhiiiu 
Hated and subjected to arterial oecliisire piessnrcs 


Appreciable criora In saturation produced bj the error in reading thP galvanometer can 
be eliminated bj use of oompensiled shunt boxes to leduce th^ galvanometer sensitlvitj during 
recording- of the bloodless ear rending* or u^e of Rubicon trpe L» gratvanometert (catalogue 
^0 3515 Rubicon Conipanv phlladelplifa Pa ) vihich deflect Imearlj over e scnle of TOO 
miUtmeiL.rR 
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It should bo pomted out that all of the data lepoited heiean were collected 
b}- the same ovuuetei opeiatoi, using the same eaipiece, control box, gahanom- 
pteis, and voltage on tlie eai piece light source Erei-y eftoit uas made to keep 
all conditions uhich might possiblj afteet the opeiation of the oximetei as con- 
stant as possible Theiefoie the degree of applicability of these data to other 
earpieces and less rigidly contiolled conditions is not certain 



Fib 4 — Empirical calibration cur\es of modified oximeter earpieces Nos 1 2 and 3 

based on 211 105 and 155 simultaneous photoelectric and ^ an Sljke determinations respcc 
ti\eh of arterial oxygen saturation Plotting the oxygen saturation (ordinate) as an 
inxerse iog scale extending from 5 to 10 causes the calibration curves to approach straight 
lines at arterial saturations of less than SO per cent 


Sufficient data hate been collected to establish the empirical calibiation 
curies of tno other direct reading ear-pieces These earpieces differed from the 
one used for the present study in details of design and in the use of a double 
thiclcness SSA mfiared filter in place of the 87 filtei The data were collected 
by several different oximeter operatoi-s (technicians) under a 5arietv of condi- 
tions The empincal calibration curves of these earpieces vere found to be sig- 
nificantly difi:erent from the cuiwe of the earpiece used heiem (Fig 4), and 
the results were somewhat more laiiable (Fig 5) 

The following factors hare been detei-mined to be responsible at least in 
part for the increased 5 aiiabihtv (1) The pressure capsule must be fitted 
siifiiciently snugly against the front sniface of the ear so that no shift in position 
of the eai relative to the photocells can occur when the pressure capsule is in- 
flated (2) Changes m the roltage across the light souice mav pioduce signifi- 
cant changes in the calibration cunes of the earpiece (3) The oiientation and 



ARTFRr\L OV\Gr\ SATURVTION IN M 


397 



Fiff -'Fniplrlcal rillbratlon cur\o of tnodiftcd oximeter earpiece No 3 based on 16 
simultaneous photoelectric \n<l ^ an «ljle let^rminatjons of arterial 0 x 5 ^en saturation The 
differences bet\M.en the gasometne and photoelectric calues v.erc less than plus minus €0 
per cent saturation In 34 per cent of jn'»tances Fight of the ten determinations phich exceeded 
this range pcre obtained on tpo subjects The open and solid symbols are based on dctcrmlna 
tlons made with the earpiece ciulppetl uith ft pressure capsule with an external diameter of 
15 and I min re<ipcctUeI\ 


the distance of the filament of the light souice fiom the photocells mai alter the 
results obtained A new eaipiete Ins been designed wliieli considerabh facili 
tates the control of these factore 

Otliei than the possible lanabiliti betivceu different eaipietes, the chief 
disadvantage of the modified o\imetci is that a calcnhtion on the basis of foui 
gahanomotei readings lefercnce to locOnthmie tables and leferences to the 
empirical cahbntion enne arc rcquiied m oidcr to obtain the actual value of 
the aiternl saturation 

Use of a noraogiam (Pig G) lelatuig jufraied and led galvanometer read 
mgs diieetlj to siteml saturation gieath expedites this procedure If there arc 
100 divisions ni the gahanomotei scale (Pig 7) and if diinng the initial blood 
less eai reading the output of the photocells is adjusted so as to indicate 100 
the normal (nonpiessuiized) cai readings can be obtained directlj in terms of 
per cent of tlie bloodless eai leadings Artenal saturation then can be obtained 
In diieet lefeience to the noniogiam ivitliout the nccossifj of inteimtdiaij 
calculations 



PER CENT OXYGEN SATURATION 
‘ VAN I SLYKE ANALYSIS 


39S 


^\OOl> AM> UERVCI 



Fig 6 ~C^llbntion nomogram Acrncd ftora empirical c\!ibrition eur\e of modifled 
ovimofer earpiece No 3 The nomosiam can be u«ed inoct con%cnienlK if the red and infrared 
cell ffaU 'inometei bcalos \rc constructed so 1*5 to ha%c 100 di\!cion«? foi full scale dcflertlon 
(Fic- 7 ) If the instrviment adjubted that the pahatiomct^ r jeadingr^^ arc 100 In tlic 
bloodless state (R and IR ) then the paU anometcr reading'? foi the bloocl-oont lining ^ate 
(R% and IR^) ^Mll read directU in terms of pcrcenUigr of the Ro and IR icidmgs Con- 
sequentlj the «^aturat^on \ ihie cin bo lend diicctl> from the noniogram \\Uhout recourse to 
calculation 


too ( Ib - Iq ) 

0 (0 20 30 40 50 60 70 80 90 100 


iilmi milii 


100 80 60 
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bif. 7— Onl% moiiicbr vc di for 7iiirHiT!e 'raidin' 

tlie sensitix itie-, of tin- red ind infrared ttiV bloodic'.';'^ '■t'ltt (Fn md IR ) tlirn tlir 

<,.rectl^ m term, of the log ratio (log i; or , md .ili he in t. rm. of p. rentage of 
tlie bloodless Tcuilng (100 Rn/P or 100 IRn/IR ) for tlic top =cati 
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If Mich a iiomo^i tm in not a\ iililiU the cnlculations icquiiod enn be re 
diiccd to 1 Niiifilo opei ition (ilniNioii) tf tin bloodless eu ieitlinj,s uc -idjastcd 
to the full silk ^ihiiuimdii ikllolmii iiiul the Rsh inometci snlo is eili 
bfated to mdieiti ikllcdions is tin lo^iiitfiiu of the quotient of the full scale 
gnhnnonictei difkdion dnidid hi tin dcfledioii'’ tPig 7) Then the rehtiic 



tig 8 ■— Clrciiit illiiRrani for c n\ rtlng the motUflcti oxlniPter to a single scale device 
rccordlns cUrtctlj in tcrnia ct hh <1 \>*,on sitiiritlon 

f Infrared i>hotovtn dn hod U«r rt|>r» vnt \ouUc thlcknc a Wratttn 68 ^ infrared filter 
I Ue 1 iiljoio til ilotted tint, r pi< nta U rntten red filler 
It I otentionictor control for Infiarcd cell 
Rs Pottntlontctcf ctntrol for rvd cell 
G Calsanometer (R t- Ui = fptlmoi dantplnt. rcsl^ttancc) 

/ Control aaltcU position for ndjustinc acn ltl\lt> of infraied cell (n earpiece on 
flushed ear) 

* Control switch petition for adjusting scnsltlvUv of rtd cell (b earpiece on Woodlets 
tprtssurized] ear) 

Uter adjustvncnls 1 and arr completed (he bnU'inomctrr deflections produced In switch 
position arc a function of tlio oxjgtn witurntlon of the blood in the flushed car 


aitcuil situntioii dog ntio) laii he ohtuned In dniding the led Sdhmometci 
leidiiig hi the infiaiid inding and in luin the absolute mine of satmation 
tan he domed In icfcuiue to the cmpuicnl eidilmtion emit of the earpiece 
being nsed 

Klectiomc mtms can be dciiscd to modifi tins nistiumeiit so ns to indieite 
the nilcini satmation dneeth on a single galnnomctoi scale One of the 
simplest methods nonld be to nicoipoiatc the lod and nifi-iicd cells into a dif 
fduitial InnKing eiituit as suggested bj Matthes ’ A cnemt of tins tipe has 
been devised (Fig S) it is somcnlmt similai to that used bi Jlilliltan “ Ilemnig 
"aj and Tsjloi ’ and Ilaitinan itid associates ° Caicnlatioiis based on calibia 
tion data lepoi-tcd lieicm indmlc that if this cucuit opented actoi'ding to the 
theorj of its design the laiiabilitt of the Ringlo scale method of opcntion nould 
bo approNimateh 60 pei cent gieifei than 111111 the double gali anometer method 
'ihicli has been used Honcici, if the single scale encint is to opciate as do 
signed, It IS neccsNaii that the output of the photocells be nidcpcndent of the 

This procetliii wns siiffffMtcrt M Profrz^or R T Cot Phjslc D iwirtment Johns 
‘‘Qpkfns UnUcf'^lt} 
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variations in their external load resistance encountered under operating con- 
ditions Actually this has been found not to he the case 


SUMMARY 

An instrument is described foi the photoelectric deter niuiation of absolute 
values of aiteiial oxygen saturation in the intact pinna of the human ear 

The instrument has been calibrated by determinations made on twenty-three 
normal subjects while breathing an and 100 per cent oxygen and b}" comparing 
the photoelectric values until values for the saturation of arterial blood with 
oxygen determined by Van Slyke analysis of 211 simultaneously withdiaivn 
arterial blood samples 

In the lange from 15 to 100 per cent saturation of arterial blood with oxj^gen 
the standard deviation of the difference between the photoelectric and Van 
Slyke determinations of arterial oxygen saturation uas 2 9 percentage saturation 
points Ninety -five per cent of the 275 photoelectric determinations were within 
plus-minus 5 per cent saturation of values based on direct gasometiic analysis 
The accuracy of the procedure does not appear to be affected by age, race, 
sex, or blood hemoglobin content of the subjects on whom the instrument is used 
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ISOLATION OF HERPES SIMPLEX VIRUS ON THE 
CHORIOALLANTOIC AIEIMBRANE 

Lewis L Corilll, jM D IIarve\ Blank, M D ,t and T F McNair Scott, JI D 

Philidclphia, Pv 

With the Tichmgal Assistance oi Lillkn T Scheraierhorn 

OINCE tlie woik of Giutei*'^ (1913) and of LowenstenP'^ (1919) the standaid 
kA technique foi the isolation of heipes simjilex viius has consisted of inoenlat- 
ing the suspected inateiial onto the scaiified coinea of a labbit Moie lecently, 
seveial woikers" have slioun that the \ims glows well in the emlnyonated egg 
and that this medium maj' be used foi piimaiy isolation of the viiiis Houeiei, 
no data appeal to be available on the compaiative efficiency of the two methods 
foi this puipose As the egg technique is simplei and eJmapei tliaii the standaid 
technique, it seemed piofitable to detcimine whethei it weie equalh efficient 
The lesiilis ol paialiel isolations, using the two techniques, aie heiewith pie- 
seuted, togethei with ceitain lufoimation coueeining the eaiiying-out of the 
technique, the standaidization of the antibiotics used, and the tijie of diluent 
that has been found useful in the loutine handling of the i iriis 

LXnrRIAlENTAL 

Companion of Clionoallantoic Memhiane (CAM) and Rabbit Cotnea — 
Using the standaidized teehinques to be desciibed latei in tins papei, mateiial 
fiom tweiity-seAen patients with vesieulai lesions of the skin oi lesions of the 
nmcons memhianes uas inoculated siinultaiieoiish on eggs and on labbit corneas 
The lesults shovn m Table I indicate no significant siipciioiiti of eithei method 
Subsequent studies in this laboiatoii, using the embi 3 "onated egg as the sole 
means of isolating lieipes simplex viius, liaAe given giatif} mg lesiilts Sihce 
that compaiative studj’' was made ovei a ^eai ago, viius has been isolated bj*- this 
method fiom thiity-foui patients with vaiious clmical manifestations of heipes 
simplex infection In addition, it has been possible to get a quantitatii e count of 
the amount of viius in heipes vesicle fluid simply by measuring the fluid in a 
calibiated capiUaiy tube befoie diluting it uitli biiffei and antibiotic inixtuie 
Fiom the dilution and the numbei of plaques on the memhiane, one can casili 
compute the viius content of lesicle fluid at laiious stages of its development 

TECHNIQUES 

In oidei to compaie the ehoiioallantoic niembiane and labbit coinea as 
media foi the isolation of heipes simplex, the specimen, such as saliva or skin 
vashmgs, vas divided into two paits, one being moeiilated onto both eoiiieas of 
a labbit, and the othei, aftei suitable piepaiatioii, into eggs 

Fiom The Chlldven s Hospital of Philadelphia (Department of Pediatrics) and the 
Department of Dermatology and Sipliiloloer University of PennsjUania School of Atedlcine 
These studies nere supported in part h\ giants from the Lederle Laboratories Diyision 
of American Cjanamid Company and the National Foundation for Infintile Paralysis 
Receiied for publication Nov 13 1948 

'Senior Fellow in Virus Reseaich National Research Council 
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T\uif1 Isolvtjon Mu I fs Nimi I l\ \ II i s on the I \bbit Cornea ts 

< » ri»Mi\\T»ir MFMDf \NF 


I \BBIT 

COPS LAS 

Nunilar of ^p<•cinl«.n t» f«* I iniuli im u Ij 27 

\uni)jcr of \jru j olii ] 17 

Numl)c r ne^atue 10 

Hahhit ( 0)ucn InoLuIaftott — Poih cuiiins of nouii^ foui to si\ pound nb 
bits uerc st'iiifiul uitli t shiip s< ilpd undci cthci anestJ esia and the mnteinl 
to be tested foi mi us u is dio]»iM<l into the <onjuncti\ il sac and nibbed on the 
coniea iiith a cotton s\\ ib It tin i hint dt\c!opcd kcntoconjimctmtis one of 
the e%cs ms loinoied foi histolo^H mi turn nnd if the nbbit died pnrt of the 




E . ^t, 


Hf? 1 —Rabbit cornea epIthcHal cHls infected tv Ith herpfH implex Character! tic Intra 
nuclcnr homogeneous Inclusion bofllcs arc surrouniled b} den e marginated chromatin Hema 
toxjlin and eosin (X900) 

bniii i\as used for sciial passSc-c md piit ms fixed for histologic section It is 
"ell to emplnsize at tins point tint the eoiiica must he tnken at the stage of 
earlj congestion erttheina and photopholna in oidei to demonstrate the maxi 
mal number of inclusion bodies 

Cotneal liesponsc and Idenhficatton —In specimens free of nuis the comet 
isfiilh heiled "itlnii tnenti fourhouis n lici cos the coiiiei infected nitli hei-pcs 
simplex shows piogiessue corneal opacities together with smccessive injection, 
lacrimatioii and purulent exudate of the bulbar and palpebral conjiinctna The 
idciitita of the \iiais in exudates shown to be ficc of liactciia was cstalilislicd 
(1) dcmoiistiation of topical mtianuclcai inclusion bodies in the epitlielnim 
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of eoinea oi nictitating membiane (Fig 1), oi in the biain when encephalitis and 
death oecuiied, (2) subsequent uitiaceiebial inoculation with a Itnoivn niulent 
stiain of herpes vuus, to test foi immunity in those animals which lecoveied 

PREPARATION OP SPECIMENS FOB EGG INOCULATION 

Suitable Diluent — It has been shoivn fiequeutly that the heipes simplex 
vnus IS quite unstable nhen suspended in phjsiologie sodium chloiide solution, 
but IS moie stable uhen nutiient broth or seium is used as a diluent 

Both seium and bioth have ceitain teeluiical disadvantages as satisfaetoiy 
diluents foi clinical specimens A search was made, therefore, foi a simple 
solution suitable foi leeeivmg specimens and foi stoiage of stiains of virus The 
quantitative suivival of seveial egg-adapted stiains of herpes simplex virus was 
tested aftei stoiage up to one week at lOom tempeiatuie in 10 per cent nor- 
mal labbit seium, Tjiode’s solution, nutrient broth, physiologic saline solution, 
and phosphate buffeied saline at pH 7 2 containing 0 5 pei cent gelatui Our 
lesiilts confiimed pieiious findings that physiologic saline solution caused 
marked loss of vuus within one to foiti houis’ exposuie In all the othei solu- 
tions the vuus w'as stable foi foui houis oi moie, but deteiiorated slowly theie- 
aftei Stoiage at 4° C oi at -20° 0 piolonged the viability of virus stoied in 
all solutions except physiologic saline Because of its ease of prepaiation and 
lack of antigenieitj , the buffeied saline-gelatin solution w^as adopted as the stand- 
aid dilutmg fluid in oui woik Nutrient bioth also occasionally w'as employed 
The Use of Antibiotics — Clinical specimens that are noimally fiee of bac- 
teiia (i e , spinal fluid, blood) can be moculated onto the egg membranes di- 
lectly, othei specimens noimally contaminated wuth bacteria, such as saliva oi 
vesicle fluid, usually kill the emluyos from bacterial infection unless specially 
treated It has been demonstiated® that sputum can be rendered safe for inocu- 
lation into eggs by tieatment wuth penicillin and streptomycin In i elation to 
the isolation of heipes vuus on the chorioallantoic membrane, the amount of 
antibiotic to be used is limited on the uppei side by its toxicity both for the \uus 
and for the chorioallantoic membrane, but must be sufficient to kill the bacteria 
usuallj>- encountered 

Contaminated specimens were collected on a sterile sw'ab or capillaiy pipette 
and emulsified in 0 9 ml of buffeied salme-gelatin solution or nutrient bioth To 
this tube w as added 0 1 ml of a stock solution of penicillin and streptony cm 
This mixture wxts allowed to stand ten to thirty minutes at loom temperature 
before inoculation into the egg membianes 

Toxicity of Antibiotics for the Choi loallantoic Membiane — ^It was found 
that penicillin caused no appreciable changes in the choiioaUantoie membrane 
when used in concentrations up to 10,000 units per milliliter, whereas strepto- 
mycin caused nonspecific opacities, marked thickening and edema, if applied m 
a conceiitiation of 1,000 /ig per milliliter oi gi eater 

Toxicity of Antibiotics for Heipes Fi? us —Various concentiations of the 
two antibiotics mixed ivith a ehonoallantoie membiane suspension of herpes 
simplex were tested for quantitative suivival of the virus at intervals up to 
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tiventj four hours after miMUg Ten thousand units per milliliter of penieillin 
and 250 pg pet millilitei of sticptomjem did not reduce the iinis plaque count 
Toxicity of Antibiotic Uixiwe on Choiioallanioic ilembrane and Herpes 
Tims — On the basis of the toMciti studies just described, a lULAture of anti 
hioties uas selected which gate a final concentration after being added to the 
Mnis containing specimen, of 500 units of pemeillin and 100 yg of streptomjem 
Ilani tests luth tins niiKtiiro shoned that it uas nontoNie for the choiioalhntoic 
nicmbnne, and that it did not appreenblj diminish the amount of liable iiius 
when tested against a laboratorj strain of egg adapted HP i iins 

Effect of Antibiotic Mixture on Bactcnal and Yeast Contaminants — ^Most 
samples of sputum weie lendeied bactcriologicallj steiile by eiposiire to this 
antibiotic iiii\tiirc foi ten to thirti minutes The antibiotic miNtiire was found 
to bo still effectiie against bactcinl contaminants after storage in a laccinc 
bottle at 4° C foi up to tiio months In the fen failuies obserred the eggs iieie 
shown to be cont-imiinted bi i casts or molds 


Table II Additive ErrECT op Mixed Aatibiotics fob v Bicteridsi vnd a Aeast 
Fffqufstli Fodsd IV THE Mourn 


ANTIBIOTIC 1 

1 EAST FPFFCnVT 

CONfTNTR mON VO \IN5T 

RTF lIEMOLlTICLfi* 

1 C ALBICANSt 

Penicillin 

0 02C u/ml 

>500 u/ml 

Strcptomj*cin 

100 U/ml 

>100 u /ml 

Crystal violett 

I 200 000 

1 100 000 

Slreptoraycm i 

10 u /ml 


Crystal violet / 

1 500 000 


Penicillin "i 

0 003 a /ml 

25 u/ml 

Streptomycin > 

0 0000 u /roJ 

5 u/ml 

Crystal Violet ^ 

1 7 500 000 000 

1 1 000 000 


In vitro tests bj the Itnmniclkamp method for penicillin assa\ 

tin \ltro test«i ^\lth \arIoug amounts of antibiotic or mixtures added to 0 5 per cent 
rIucosc broth containing- a «stanclard inoculum of C albicans Subcultures made to glucose 
broth to determine the fungicidal concentration 

tCoIeman and Bell certified 

Since crystal violet is a ncll kiioim fungicide, dilutions of crjstnl iiolet 
were tested for toxicitj to tlie chorioallantoie membrane to the virus of heipes 
simplex, and to Candida albicans in order to see if it could be used to contiol 
the fungi occasionallj encountered in sputum ' On th basis of these studies, 
crystal violet was added to the antibiotic mixture to make a final concentiatioii 
in the clinical speeunen of 1 to 50 000 Although the addition of crystal violet 
caused a precipitate to form (the crystal violet base appal ently precipitates with 
the penieilbn anion), the bactericidal properties of the mixture were enhanced 
rather than reduced as shown in Table II This mixture stenlized sputum which 
was naturally or artificially contaminated with C edbicnns and permitted the 
isolation of herpes simplex when present In spite of its efficTcv, crvstal violet 
has not been used routinelj because in oiii expciienee, contaminating fungi weie 
seldom encountered 

Inoculation of Eggs — Two to four eggs prepared bj the "false air sac 
technic each were inoculated through the hole over the false air sac with 0 05 
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Fig 2 — Chorioallantoic inenibiane of chick embl^o‘! foitv hours after infection ^^itll herpes 
siniple\ Each plaque is produced bj one infectious unit (X30) 
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F{g: 4 —Hlsh po^^cl s».ctJon of Hk 3 Marked proliferation of epltheJlal cell munj of 
vnosc nuclei show manrlnated cliromatln jn<J contain u characteristic homogeneous ground 
glass inclusion body Hematoxjlln and eosm (yfcOO) 
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ml of tlio s>pecimou to bo ttsttd The hole was piotceted fiom dust bj a piece 
of Scotch tape folded in siuli a waj tint the hole in the shell was not tightly 
scaled If the holt is scaled tompletels tlic tiiic an sic refills ind the false aii 
sac IS gndtnllj ohiitenttd 

Aftei iiiotul itioii the c(,gs wtu kept on then sides and incubated tor foitj 
ei^ht to sesent} two horns at 3') to ib” C The identity of anj \mis isolated was 
ertahlishcd bj (a) the gioss appeal niic of the pi iqiics on the thoiioaHantois 
(Pig 2) , (b) by sen il p iss ige on thy ehotioalhntoic membiauo (c) hj demon 
stntion of the ty pital iiitniuiele ii mtlusion bodies in histologic sections of the 
infected Uioiioallantoic membianc ( I igs 3 and 4) (d) bj neutializition tests 
yyith the ncyylj isolated ymis and Inpeimiinunc nhbit stium ' 

yiiEtryNcr or inffctu) mesidhuves 

Gross C/iHiatfc) ishes — The ippcaiaiicc of heipts simples on the chorio 
nllmtoio mcnibiano is well illiistiited in Fig 2 Cleai tut infection of the mem 
biano with lieipes yiius pioduecs small yvhitc plaques^ on ptimary isolation, 
these plaques niaj he 0 1 to 1 0 iiim in diaiiictti, but iftci scycinl stiial passages 
tbej ayengo 0 5 to 1 0 millimetci Thej iic usually louiid oi omI Init may be 
cloiigitcd 01 tailed, tbej lit deiist in the centti, with only i slight halo ot meso 
deimal icaction If the plique is yyipcd off, which is eisih accomplished, the 
nicsodemal icaction tan be sctii is a fimt shadoyy II the infected membranes 
aio incubated moic than foity eiglit hours snnll sitellitc plaques maj appeii 
and thej eyentuallj iiitcifoie yyith an aceuiatc eiiuniention of the oiigiinl 

For etymological reasons T\e prefer the term plaque to thtt of pock «lnce the lection 
consists of superficial proliferation of epith Hal cells whicli appear to be applied to the sur 
face (a plaque) ratlier thaB consisting ot a pustule (a pock) 
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plaques lu, luaiiy successful isolatious, tlieie was gioss evidence of vims on the 
fii-st passage Howevei, some vans stiains giew poorly at fiist, and nonspecific 
opacities on the choiioallantoic inembiane could be confusing, so that at least 
thiee seiial passages weie made befoie diseaiding a specimen as negative 

Ihcwscop^c CMiactenshcs — As soon as typical plaques weie endent, a 
piece of the membiane was fixed foi histologic examination Examination of the 
tissue undei low povei showed the plaque to be composed of piolifeiated ecto- 
dei-mal cells, with a minimum of inflanunatoi-y leaetion in tlie mesodeimal and 
entodeimal cell (Pig 3) laveis ]\Iany of the ectodeimal cells m the plaque 
contained homogeneous intianucleai inclusion bodies (Pig 4) similar to those 
seen in the infected labbit cornea or biam (Pig 1) 

Hematoxjdin and eosin staining of Zenker’s acetic acid fixed tissue has been 
satisfaetoi's foi both animal and egg tissues 


SUMJIARY AND CONCLUSIONS 

1 Poi the isolation and identification of lieipes smiplex vims, the choiio- 
allantoic membiane of the embiyonated egg is as reliable as the labbit cornea 

2 A suitable nonallei genie diluent foi pieseivmg the viius is 0 5 pei cent 
gelatin in physiologic saline phosphate buffeied to pH 7 2 

3 Contaminated mateiials must be tieated with an antibiotic mixture be- 
foie uioculatiou A final concentiation of penicillm 500 units per millditei and 
streptomycin 100 (ig pei milliliter is noutoxic to the heipes simplex vims and to 
the egg, but is bactericidal foi saliva oi skin washings Poi specimens contain- 
ing yeasts not inhibited by penicillin and stieptomycm, the addition of eiystal 
violet in a final concentration of 1 to 50,000 is effective 

4 The gloss and micioscopie appeaiaiices of heipes infected chorioallantoic 
membianes aie described 
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'run rUERAPEUTIG EFFECT OF TEIPTOPHANE 
IN HtaiAN PELLAGRA 


Rich \rd M Viltlh 51 D John P 5lDELLEn 51 D 
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CiNCiwvTi Ohio 

A 5IETABOLIC lelntioii^bip between tiiptophane and niaein Ins been 
demonstiated in Inboratoii anmnls and in man Kieh! Teplej, Saima 
and Ehelijem'' showed tlint niacm delicienej induced in rats bi a com diet 
could be coireeted bj tiyptophane as icadilj as bj macin A smulai metabolic 
relationship has been dcmonstiated in the pig and the horse’ and the cotton 
rat’ 5Ioro iccenth Saiett and GoldsnntU* and mdependentU Perlzweig 
Boson, Leiitas and Robinson’ baic shonn that human adults and infants gnen 
1 to 5 Gni of tiTptopbaiic daili cxcictc a much laigei amount of N’ methjl 
nicotinamide m tlic urine than is found iindei basal conditions 

These e'lpoinnents iieie suggested by the obsciiation that diets which de 
pend laigoh on coin and com pioducts for protein arc more highh pellagra 
oeme than diets equalli low lu niacin but wineli contain diiersificd pioteins 
The mechanism for such an effect was obscure until ICreU Teple} Saima and 
Ehehjcm’ showed that lats a species not affected advci'^elj by a diet deficient 
onlj in niaeiii dei eloped signs of niacin defieicncj when fed a corn diet Ti'j’p 
tophane restored tlicse animals to health and it was suggested that a deficienci 
of tryptophane m the com diet was the contioliing factor At flint it seemed 
likely that trjptophnne cserted its proteetrve effect through the sjTlthesis of 
ntaem bj entene miciooiganisms' Slore recent evidence however indicates 
that tryptophane niav be a direct piecuisor of niacin, that the eomersion oceurs 
aftei absorption’ * and is influenced bj pj ndovine “ ” 

The final proof of the effectiveness of this conversion m man depends upon 
the demonstration that try ptophane w ill reliev e the acute manifestations of clini 
cal pellagia 5\e wish to report such observations on one patient inth acute 
pellagious glossitis deianatitis v aginitis and diarihea and another with cluomo 
pellagrous dermatitis 

Each patient was fed a diet devoid of vitamin C and low in vitamins of the 
B eomplev It had the follow mg composition calones 3 127 protein 41 7 
6m fat 27 Gm thiamine 0 42 mg niucm 4 2 mg riboflavin 0 60 mg vita 
mm C 0 mg tiy ptophane 0 07 giam Try ptophane w a" administered oialh in 
2 Gm doses three times daily and twenty four hour urine specimens w ere col 
lected whencvei possible and analyzed for N’ metbylmcotmamide ” Noimal 
values in our laboratoiy foi N’ methvlnicotmamide in the unne range from 2 5 
to 5 5 mg per twenty foui lionrs Clinical obscivations vveie made daily by 
at least two observers 

From the Hepartment of Internal Medicine College of Medicine Unhersity of Cincinnati 
This study was aided b> o. grant fiam Merck &. Co Ina Rahway Iv J and the Robert 
Gould Research Foundation Jnc 
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CASE REPORTS 

C\SL 1 — M O, a 30 'se'n old, uneinplo'ved, coloicd ^^onlln, \\ is idmitted to tlie Cm 
cinnati Gener il Hospital on Ttil^ 15, 1948, complaining of painful feet, p iiestliesi is, burning, 
numbness and swelling of the legs of two niontlis’ duiation Diariliea consisting of four to 
eigbt blown liquid stools per dni hid been present for one inontli Slie also bad noted an 
eruption oier the forearms and legs of inibnown duration She had lost 15 pounds of weight 

The patient stated that she ate two meals pei die consisting of fatt\ porh tliiee times 
a week, six eggs pei week, one pint of milk pei dai, and some vegetables She was uldicted 
to alcohol Ihedietir^ hlstor^ could not be x eritied 

Physical examination leiealed a ehronicallx ill, mahioiinshed Ncgiess, moderatelx well 
oiiented but with poor memon and below noimal intelligence Blood pressure, 140/90, tern 
perature, 99° F , pulse, 90, respirations, 24 Thoie were perfecth sj nimetrical pellagrous 
skin lesions on the wrists, dorsil foiearms, ankles, legs, and knees These were deeph pig 
niented, hx'perkeratotic, and shaiplj demarcated fiom the suriounding normal skin Oier the 
bridge of the nose were numerous small In peikeratotic haii follicles The tongue was pale 
with the exception of the tip and edges where it was smooth, swollen, and spotted with 
clusters of 1 orj red, congested papillae, producing lien led aieas on a pale background 
There were also spottx aieas of stomatitis with one eroded aiea on the buccal mucous 
membrane The exes, neck, heart, and lungs were normal The abdomen was normal 
except for scars from a bullet wound and a laparotonn The ,aginal examination revealed 
inflamed mucous membnne Tlieie was moderate edema of the ankles The neurological 
examination rexealed normal loflexes and niotoi power, biu there was maiked hjper 
esthesia of the right foot and moderate hxperesthesia of the left foot fioni the ankles 
down, with afterglow in both feet 

Laboratory Data On admission, the erxd;Iu oc j tes numbered o 40 million per cubic milh 
meter, the hemoglobin, 0 8 Gm pei 100 cc , the hematocrit, 32 pei cent, the reticuloej tts, 
3 8 per cent, the platelets, 280,000 per cubic nullimetei, mean coipuscular xolume, 94 cubic 
microns, mean corpuscular hemoglobin, 29 niicromicrogi ams, mean corpuseular hemoglobin 
concentntion, 31 per cent, and the white blood cells, 6,200 per c nini xvitli a normal differ 
ential count The bone mairow showed mild hvpoplasia of ab elements with a slight 
increase in plasma cells Tlie blood urea nitiogen xvas 3 7 mg pci 100 c c , the prothrombin 
concentration, 08 pei cent, the Kahn test, negatixe thjmol tuibiditx, 2 units, tlixmol 
flocculation, +, iiid ceplialiii floccul ition, +++ in twenti four and forti eight hours Scrum 


Table I A Tabllar Summarx of the Eespoxse to Tkeatjiext in Case 1, a Pefson With 
Acute Pellagra, Particulaflt the Effect op Tryptopiiaxe ox the Glossitis, Vapimtis, 
Diarrhea aisD Twenty Four Hour Excuftions op Ni metiixlnicoiinaxiide in thf Urinf 


IIOSPITAI DAY 1 

1 

2 

3 

4 

5 

() 

7* 

8 

9 

10 

11 

Trjqitophane 

( 6m per dai ) j 



6 

6 

0 

6 

4 





Nncin 

( mg per dax ) 








50 

50 

50 

50 

Severitx of 
glossitis and 
vaginitis 

++ i 

+ +-r 

+++ 1 

4-4- 

4* 

1 

0 

0 

0 1 

1 

0 

0 


Sexerity of 

enceplialopatlix 

1 

4- 1 

1 


4-Hr 

++ 

+++ 


0 


0 


Severitx of 
diarrhea 

+-f. 

++ 

1 

4-+ 

-H- 

! 

4-4- 

++ 

4 — ^0 

0 

0 

0 

1 


IJrinarx excretion 
of Ni metlix 1 
nicotinamide 
( mg per 24 lir ) 



0 063 

i 


0 720 


2 520 


4 216 

5 040 


•Fifti milligrams of thiamine were administered on this dai and 25 ing on each daj 


thereafter 
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Lilirul)!;! was On nij, per 100 cc prompt 0*5 ni,, per lOU cc total O-lic Intr liiopsA 
sliox^tJ ’jeNere fntt^ \ ituolization The urine wa iicj,nti\e niul the stool n liquid broiMi 
color \\ithout blood, pu'< cells, ovi or parasites The electrocardiogram was normal The 
total protein ^\ns 7 56 Cm per 100 t c with albumin tJ Om pei 100 cc and globulin 
Cni per 100 cc these tests were repented in one week and tlie total protein was 6 2 Gm 
pur 100 c c , nlbumin 2 6i Gm jier 100 c c and globulin ” o5 Gm per 100 cubic centimoterh 
The serum ■Mtnmin C was 0 mg pir 100 cc serum \itnmin V was 40 mj, pci 100 cc 
carotene, 28 /xg per 100 cubic tentimcters Ihinniiiie cvcietion in the urine in twent\ four 
hours was 5 5 /xg and after i test dose of 5 mg In mouth tlic patient excreted loss than 
1 per cent of the test dose in four hours ItibofI i\iii uritmr% excretion in twent\ four hours 
was 434 5 /xg and m four liours after j ing of ribofln\in b\ mouth 2 94 milligrams lor 
uriiiar\ i mctlu Inicotinanndt ste Table I \ ra\s of chest nnd abdomen wtie ncgati\o 

The patient was placed nt be«l re t and given a diet low in vitamin B complex and 
free of vittnun C Because of the severe diarrhea twt-iitv four hour urmc specimens could 
not be obtained piior to treatment 

Oil the ceond liospital dav the tongue was redder nnd hud a small serpig nous ulcer 
on tho right lateral margin 71mt afternoon the patient vv is given 50 m,^ of Demerol in 
preparation for a liver biopsy That night lie began to confabulate ami Imd hallucumtioiis 
tins jisvcliotic behavior was thought to be due to B conijilev deficiencv cutcphalopathv 
oxaggerited bj Demerol On tlie morning of the third dnv trvptojilmnc J Gm three times 
dnilv was started nnd a tweiitv four hour urine specimen was obtained On the next dav 
the ulcer on the tongnie bo^jan to heal although red papillae were still evident Tlie imtient 
was still confused nnd jinranoid and lin<l linllucinntions B\ tlie fifth hospital dav the 
tongue was much improved the ulcer Imd healed but n few icu jiapillae remained vrhith 
disappeared bv tho next <h\ The psecliotic behavior nnd tlie enceiilmlopath} continued, 
however, and since severe vitamin B complex defieicncv pnrtjculnrlv of thiamine was 
thought to bo the cau e the patient was given 50 mg tliiamine and JO mg nboflavin on 
the seventh hospital dav over nn eighteen hour period Mie wrs also given 2 000 c c of 
5 per cent glucose in water intrnvenouslv There vvns a rapid resjion e Bv that evening 
tho psvchotic manifestation had vniiishel \t this time the acute aspects of the skin 
lesions were regre sing rapidlv the tongue was healed tho diairliea controlled and the 
eiiceplmlopvthv had cleared Since trvptoplinno was nvniJablc in onlv a limited quantitv 
It was discontinued and a B complex material winch contained 300 mg of niacinamide per 
cubic centimeter was started The patient received ^ cc at this time ind on each dnv 
thereafter The peripheral neuritis lespondcd slowlv but imd cleared almost comploteh 
after two more weeks of treatment Tlie patient was discharged after twenl; six da 3 s 
in the hospital 

Casf 2 — H T a G-vearold lolored coniiiioii laborer \\as admitted to Cincinnati 
Goiural Hospital on Sejit 2\ 1948, from tho citv worl house foi stud^ Ho had no com 
plaints except for skin lesions of four weeks duration winch he attributed to burns con 
triieted while Iviug drunk in the sun Ho had noticed some nunibneis and tingling of tho 
feet ind mild dmrrhei for nn undetermined penod of time 

His appetite was good His diet consisted of tinm skins ham fat potatoes onions, 
celerv, and cabbage all combined to make stew which he ale one to two times a daj 
Ho admitted heavv alcohol intake of at least one quart of D rail (denatured alcohol) 
per dav Bv inistal e he luid been given ono vitamin capsule ccntnining 30 m„ of nincin 
'vliile in the workhouse Iiospitul one xlav before admission 

In 19 0 ho luvd been in Gineiimati Geiieril Hospital with n diagnosis of pellagrous 
deriimtitis and glossitis polv iieuiitis uiid tliroiue aUoholisni On that ndnii sion the skin 
Jnd mouth lesions cleared after treatment with niacin 

The phjsicnl examination revealed u well developed poorh nourished Negro man 
who did not appear ill There were pcrfectlv svmmctncul pellngrous lesions involving the 
txteiisor surface of tho forearms wliieli wcie deepiv pigmentod In perkerntotic scaling 
Hid sharplv dcmareited from the burroumlmg norm il skm llicro were similar lesions 
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VILTER, JIUELLER, AND BEAN 


Table IT 
OF Case 


The Effect op Tryptophane on the Excretion op Ni metuylnicotinamide ix the 
-> ^ Eerson AVith Chponic Pellagrous Dermatitis, This Patient Efceived 30 mg 
Eiacin Inadvertently Before This Study Wis Begun 


Dpinf 

OF 


DATE 

9/23/ 

48 

9/24/ 

48 

9/25/ 

48 

9/26/ 

48 

9/27/ 

48 

9/28/ 

48 

9/29/ 

48 

9/30/ 

48 

10/1/ 

48 

10/2/ 

48 

10/3/ 

48 

10/4/ 

48 

10/5/ 

48 

10/6/ 

48 

Tn pto 
pbane 
dosage 
(Gm / 
dav) 





4 

6 

b 

4 

! 






Ni methyl 
nipotm 
amide 
urman 
excretion 
(mg/ 

24 hr -) 

i 

464 

111 

133 

184 

2 94 

3 936 

7 665 


i 


1 785 


1 


involving the collar area of tiie neck, the ear lobes, and to a lesser extent the groin and 
feet The tongue shoved onlj papillarj atroph 3 along the margins There was seieie 
hi’peresthesia and decreased i ibration perception in the feet, and the ankle jciks were 
absent 

Laboratory Data The enthrocjtes numbered 2 51 million per cubic millimeter, the 
hemoglobin, 9 06 Gm per 100 c c , and the white blood cells, 7 250 per cubic millimeter 
with a normal differential count The urine vas normal The serum protein vas 6 85 6m 
per 100 c c , urinarj thiamine was 17 4 /tg in tventi four hours, and after a test dose (0 5 
mg intramuscularly) 4 4 per cent was excreted in four hours Urinarj ribofla\ in was 1 16 
mg in twenti four hours See Table H for methylnicotinamide excretion 

The patient was placed on a diet lov in Mtamin B complex and free of Mtamin C, 
and twenty four hour urine specimens n ere collected After three days he was gix en 
tryptophane, 2 Gm thrice daih^ until a total of 20 Gm v as given By the end of the first 
week the skin lesions had begun to clear and disappeared gradually during the next two 
weeks The patient was discharged after twentj one daj s in the hospital 

DISCUSSION 

In the first case tiyptophane oially in total daily doses of 6 Gm induced 
a renussion in the acute pellagrous glossitis, stomatitis, vaginitis, and diarihea 
Concomitantlj^ theie was an inciease in N^-methylnicotinamide in the unne fiom 
cNtremely low to almost normal levels Subsequently 50 mg nicotinamide daily 
induced a rapid and gieat inciease in the amount of N^-methylnicotiiiamide m 
the mine suggesting that tij^ptophane may have replemshed the body stores of 
nicotinamide In this patient the encephalopathy did not clear completely until 
thiamine was given, which suggests that it was due at least in pait to thiamine 
deficiency 

The second case is included to show that tiyptophane inci eased the amount 
of N^-niethidnicotinamide in the uruie of a pellagim lapidly to lugh levels just 
as It vull in normal persons on diets restiicted m niacin ^ This subject was not 
ill when he was admitted to the hospital and it is piobable that tissue niacin had 
been restoied by the woikliouse diet and the one dose of 30 mg niacin before 
he was hospitalized The skin lesions in this patient, though typically pellagious, 
weie too chronic and indolent to allow critical judgment on the therapeutic 
effect of tiyptophane 
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STJ'MMiBX V-^D COJnCL,TJSJONS 

Tnpfophano in G Gm onl doses induced a icmission in tipical acute 
pellagions lesions 

It caused an iiiei cased c\ci 8 t)on of N* metln luicotniamide in the unne of 
pellagrins at -i slow ei late but in the bsnie manner as in noi mal persons 

Tiieso obsenations suggest that trrptoplnnc and niacin me eloselj lelated 
111 their role in human as w cii as m aniiml nutiition 

VTb vfisU to ackiiowle<3ge the tcihiot* il of Mrs Bettj Fic!itcr la performing 

the tuotliylnicotiBaTtiide dctcrniioutioas ami to Ihaok Dr A Gibson of Merck Co 
Inc , for a generous suppb of tnptopbine 
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VILTER, MUELLER, AND BEAN 


Tryptophane on the Excpetion op Ni methylmcotinamide in the TJkixf 
OP Case 2, a Person ^ith Chronic Pellagrous Dermatitis, This Patient Received 30 mg op 
NIACIN Inadvertently Before This Study Was Begun 


DATE 

9/23/ 

48 


9/25/ 

48 

9/26/ 

48 

9/27/ 

48 

9/28/ 

48 

9/29/ 

48 

9/30/ 

48 

10/1/ 

48 

10/2/ 

48 

10/3/ 

48 

10/4/ 

48 

10/5/ 

48 

10/6/ 

48 

Tr\ pto 
plime 
dosage 
( Gm / 
day) 



i 


4 

6 

6 

4 







N' metlijl 
nicotin 
amide 
urinary 
excretion 
(xng / 

24 lir ) 


464 

1 11 

1 33 

3 84 

2 94 

3 936 

7 665 

1 




1 785 




m\ olving the collar area of the neck, the ear lobes, and to a lesser extent the groin and 
feet The tongue shoived onlv papillary atrophy along the margins There nas severe 
hyperesthesia and decreased i ibration perception in the feet, and the ankle jerks were 
absent 

Lahoratoxy Data The eiythiocjtes numbered 2 51 million per cubic millimeter, the 
hemoglobin, 9 06 Gm per 100 c c , and the white blood cells, 7 250 per cubic millimeter 
with a normal differential count The urine u as normal The serum protein was 6 85 Gm 
per 100 0 c , urinarj thiamine was 17 4 yg in twentj four hours, and after a test dose (0 5 
mg intramuscularly) 4 4 per cent was excreted in four hours Urinarj riboflann was 1 16 
mg in twenti four hours See Table II for Ni methvlnicotinamide excretion 

The patient was placed on a diet low in iitamin B complex and free of ntamin C, 
and twenty four hour mine specimens were collected After three days he was gi\en 
tryptophane, 2 Gm thrice dailj until a total of 20 Gm was given By the end of the first 
week the skin lesions had begun to clear and disappeared graduallj during the next two 
weeks The patient was discharged after twentj one dav s in the hospital 

DISCUSSION 

111 the first case tivptophane oiallj' in total daily doses of 6 Gm induced 
a remission in the acute pellagious glossitis, stomatitis, vagmitis, and diarihea 
Ooncomitantlj^ theie was an inciease in N'-methyhucotinamide in the uiuie from 
eTtiemely low to almost noimal levels Subsequently 50 mg nicotinamide daily 
niduced a rapid and gieat increase m the amount of N^-methylnicotmamide in 
the urine suggesting that trjptophane may have leplenished the body stoies of 
nicotinamide In this patient the encephalopathy did not cleai completely imtil 
thiamine was given, winch suggests that it was due at least in part to thiamine 
deficiency 

The second case is included to show that tiyptophane mci eased the amount 
of N^-methylnicotmamide in the mine of a pellagrin lapidly to lugh levels just 
as it wnll in normal peisons on diets lestiicted in niacin * This subject was not 
ill when he was admitted to the hospital and it is probable that tissue niacm had 
been lestoied bv the workhouse diet and the one dose of 30 mg niacm before 
he was hospitalized The skin lesions in this patient, though typically pellagi ous, 
were too chronic and indolent to allow' cntical judgment on the theiapeutic 
effect of trj'ptophane 
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METHODS \ND M TORI VLS 

Tlic rndioiron had an nctiMtv of 1 3o me of Fe 59 and 'll me of Fe 5o per „rnn at 
tlie bepmninp; of the eTpenmeatH It was gi\cn oralU or br «fomacIi tube in the form of 
ferrous ammonium sulfate Avith milk or water ns the vehicle Samples of tissues and excreta 
were a hod and the iron was electroplated b> the method of t osburgh, Flexner and Come 
It ulionctiviti Was mc'isured with n. thin mica end. window Goigcr counter Tissues for histo 
(hcniual studi uero fixed in Cnrno\ s fluid and fornialm or alcohol formalin and wore st unod 
for iron b\ Drv <? moJificatiou of Perl s method 3 or b% Gomori a method * Radioautognplis 
were prepared in duplicate One pariftin eition sub equonth stained bi Dn ’s method ivns 
ustd for a routine contact rndioautognph with Vn co non creen x raj film V second section 
stained foi iron ins coated iiitli cclloidin and a liquid photographic emulsion wa'i poured on 
the slides and illoivod to et an 1 dn 4ftcr proper exposure the preparation was deielopcd 
fl'cpl dried mounted in xvlolCHntc and coiercd with a coier slip 

\ninials u «.d ucio guinea pig albino rats and one eJog Guinea pigs of 240 to dsO 
},ranis were nmintnined for it least two weeks on a stock pellet diet containing o2 mg of 
iron per 100 gr*uus VIl food anel wafer were uithheld for tiicnfj four liours before giiing 
-0 mg of ndioiron bi mouth 

V number of guinea pigs nimle anoiiin one week prior to the experiment bi one bleeel 
mg of b to 10 t c from tlic luurt also were given rnelioiron Control animals both normal 
and anemic wore ticated identicalli except that no rndioiron was administered to tlicni 
\nimiUs were killed tlurtv minute to cientv two lumrs nftir administration of the test 
dose of iron Controls were killed at identml mterinls during the same period The net 
absorption of tlie single dose* of ta^^td iron was calculated bi subtracting irom the total 
dose that iron recoveretl in t(u excreta and gut content Portions of mesenteric and ceniral 
nodes, spleen and brer and samples of blood were ashed and the content of radioiron was 
determined as nucrogrums per gram of tis u« or blood 

TVeauling rats of 40 to CO grams wore kt pt oa purified diets containing 01 per cent 
sucrose 25 per cent casein 10 per cent Trisio and 4 per cent of Hubbel s salt mixture from 
which the iron was omitted To each kilogram of diet wore added 20 milbgrams macm 40 
milligrams calcium pantothenate 0 01 milligram biotin 20 iinlbgrams riboflavin 10 milligrams 
thiamine Uvdrochlonde 10 iniUigranis of pvridoxme _ grams of (holme and 4 nulbgrama 
vitninm 3v All lafs retened 3 mdhgrani alpha tocopherol in 0 Oa e c etlnl laurate once 
a week, and 2 000 units of Mfnmm \ ami 400 units of iifamiii D in com oil twice a week 
The lia ic diet contained 15 mg of non per 100 Qm of diet of winch 1 to 2 mg wire iron 
inijiunties in the salt mixture and tlie remaindir was in tlie purified cn em lortj eight 
mts used m one experiment were dixided into three equal groups Group V ret'eived a high 
iron diet, 50 mg of iron ns feme phosphate being added to eacli 100 Gm of diet Groups 
B and C roceued the basic low iron diet without iron supplement Tlic nnim ds woro kept 
on these diets for five weeks prior to the uliriinistmtion of radioiron Ibiring fJie fifth 
^reek Group C nniiiids were bled 2 per cent of their bodv weight on alternate dajs until 
the hoDioglobin values were 0 to 0 Gm per cent fl4 to 37 Gm per cent m Groups A and B) 
the eud of the fifth week all animals were stnntd for twentj four hours after wliicli 1 
of radioiron was given in water bv stomach tube the control animals received nothing 
In anotlicr experiment desipied to eliminate the po siblo effeeta of twentj four hours 
pf starvation sixteen rats were kept for tour weeks on a liigli iron diet TJirec dnvs prior 

to the aduHiiistntion of 1 mg of rndionctivt iron as feirous ammonium ulfatc half the 

aiiinnlfi (A ) were placed on a low iron diet for tJit rcnmindcr of the experiment wink the 
other animals wire lept on u lugh iron diet throughout {\) Food wis not witliheld even 

'i^ftor the te t nied was p,iven Vwmnls wire Idled two sjv and twentv four honrs after 

the adnimi tratioii of tlie test do e tontiol ammals on the same diets wen „ivcii no test 
dose of radioiron but were killed at torre ponding times 

In order fo determine nb orptinn of iron bv vvnv of the Ivmpliities \ ]i) 1 ilogram 
female terrier was prepared In inserting in the tlioracn duct a plastic caiiula which was 
earned through the kin iiui ion Vftcr two dnvs (he dog was given S7 mg of tagged iron 
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ENDICOTT, GILLMAN, BRECHER, NESS, CLARKE, AND ADAMIK 


Table I Comparison op Visible Iron and RimoirON in the Duodenum op Guinea Pigs 
AT Various Intervals After a Test Meal op 20 aig op Badioiron as Ferrous 
Ammonium Sulfate in fi pef cf\t Sucrose Solution 


E'?PEFIME\T\T 

co^Dmo^s 

GUINEA 

PIG 

TIME FFOM 
TEST MEAL 

TO DE\TH 
(HP ) 

I visible irox 

1 PADIOIRON 

FPITHE 

LIAL 

GPANULES 

B\SAL 

EPITIIL 

LIVE 

PLUSH 

IN 

PIIAGO 

CYTFS 

P \BIO \UTO 

GP'VPHIC 
BEN SIT\ 

BISTRIBUTION 

Normal guinea 
pigs given test 
meal bi mouth 

26 

1 

+ 

4 

+ + 

4444 

Epithelium 

27 

0 

++ 

+ 

+ + 

■f + + + 

Epithelium 

28 

2 

++++ 

+ + 

+ + + 

4444 

Epithelium 

29 

4 

+ 

+ 

+ 

444 

Epithelium 

30 

4 

++ + 

+ + 


444 

Epithelium 

31 

8 

++++ 

+ + 

+ + + 

+ + 

Epithelium 

32 

S 

4 + + 

+ 

+ + + 

44 

Epithelium 

o n 
oO 

24 

+ 

+ 

+ + + 

44 

Epithelium 

34 

24 

+ + + + 

+ 

+ + + 

44 

Epithelium 

35 

48 

+ 

+ + 

4 + + 

44 

Epitli &.phag 

36 

48 

+ 


-f 

44 

Epith &.phag 

37 

72 

+ + + 

- 

4444 

+ 4 

Epitli Sapling 

38 

72 

+ 

- 

+ + 

+ + 

Epitli Sl, phag 

Normal control 
guinea pigs 
given no test 
meal 

39 

40* 

+ j 

+ 

fSB 

No radioiron present 

40 

40* 

+ + + 

- 

BS 

IS 

66* 

+ + + 

- 

444 


o 

■l 

+ + + 

- 

+ + 

Anemic guinea 
pigs given test 
meal bv mouth 

44 

1 1 Vr 

+ + 


* 4 

4444 

Epithelium 

45 

1 Vi 

+ 

+ 

•}■ + + 

4444 

Epithelium 

46 

2 

+ 

- 

+ 

4444 

Epithelium 

47 

! O 

+ + + 

+ 

f 444 

4 

Epithelium 

48 

24 

+ 

- 



Epith &/phag 

49 

24 

+ + + 

+ 



Epith &, phag 

50 

24 

+ + 



^■eb3 

Epith & phag 

51 

24 

+ + + 

+ 

+ 4 

4t I' 

Epith phag 

Anemic control 
guinea pigs 
given no test 
meal 

52 

40* 

+ 

+ 

+ 

No radioiron present 

53 

40* 

+ + + 

- 

+ + 

54 

00* 

+ 

+ 

t 4- 

55 

66* 

+ 

+ 

+ 


‘Time elapsed since last food ivas taken 


as feirous ammonium sulfate bi stomach tube in 300 cc of whole milk The entire flow 
of thoracic cluct Ivmph for the following six hours was collected in three paits Blood 
samples were collected at three and flve hours 


results 

Histoclieiniealh deinoiisti able non Mill be lefeiied to as visible non 
Eadioactne iron demonstiated eitlici by ladioaiitographs oi by Geiger counteis 
Mali be lefeiied to as ladionoii Conti ol animals Mail be those handled exactly 
as then expeiiinental conntei paits except that they leeeived no test dose 

In Tables I to III aie tabulated the lesults of the expeiiments Math guinea 
pigs Inspection of these tables leieals that Me Meie unable to confiiin some of 
the obsei rations of Gillman and Ixx legaidmg visible non in guinea pigs The 
distiibution and amount of visible non in the vaiious oigans eiadently did not 
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TiBtE II Comparison op Iisibie Iron ird Kadioiros in the Duodenum op Guinev Pros 
IT Various iNTErvAES Arm- \ Test Mead op Eadioiron in Sucrose 
Mile vnt> Watee Veiiicde 


EXrEFlUEVTit, 

COmJITION 

TUINE.^ 

' PIO 

TiifE Froir 
TEST jrE\L 
TO DBATIT 
(HP ) 

VJSrUEE IPOV 

1 RAWOIPON 

! EirriiE 
LUI 

f»r \VULES 

! B\SAt. 

1 EPirnE 

1 

TLUSn 

1 IV 1 

! PH\oO ; 
CYTES 

rAiiroAirro 

nnipnic 

PEhSIT\ 

DISTKIBUIION 

Normal guinea 
pigs pren test 
menl by mootli 

50 

2 

+ . 

+ 

44 

4 

Epithelium 

57 

2 

++ 

44 

44 

4 4 

Epithelium 

58 

(i 

+ 

4 

44 

4 

Epithelium 

59 

c 

+ + 

4 

44 

4 

Epithelium 

GO 

24 

+ + 

? 

44 

4 

Epitli and 
phag 

Cl 

-’■< 



4 

44 

Epith nnd 
phag 

Norma] control 
guiaea pigs 
given no te^t 
meal 

iHM 

20 * 

+■ 


444 

No ndioiron present 

C3 

40 * 

+ 4+ i 

1 

+ 

4 

Anemic guinea 
pigs gi\cn test 
mcftl by mouth 

C4 

2 

44 1 


+ 

4 i 

[Epitholmm 

C5 

2 

+ + 4 

+ 


4 

iFpithelium 

ro 

G 1 

^ 4 + 4 

+ 

! + + + 

4 

'Epithelium 

CS 1 

24 1 

44 


4 + 4 

44 

Epith and 
phag 

GO 1 

i 

24 1 

1 

+ + 4 

? 

i + + 

■ 4 + 

Epith and 
; phag 

Anemic control 

guinea pigs 
given no test 
meal 

70 ' 

20 * 

444 

7 

1 

No ratlioiron pre ent 

71 ' 

40 


“ 

1 4 


Time elapsed einco lost food nas taken 


cliaage regulaih in a ciclic fom nftei a single iron meal under the present 
eTpenmental conditions In fact in vicn of the eintie -variation in the expen 
mental groups and the occmionee of the same range of vaiiation m the control 
groups vvhieh had leceivcd no test mtal of non one would he led to doubt 
n hethor the test meal had anj pai ticulai effect on the v isible iron and u oiild be 
inclined to helievc that the visible non must not have oiiginated in the test 
meal 

The radioautographs and othci tiatei studies on these same animals nidi 
ealc clearij that most of the visible non did not onginatc in the test meal 
There is no con elation between the distnbution or amount of visible non and the 
distribution or amount of radionon Foi example m the duodenal epithelium 
of a given animal the visible iron varied eiraticall} fiom one villiis to another, 
while the radionon as shown hv ladioaiitographs, diminished sraoothlj from a 
maximum near the pylorus to a minimum in the pioximal jejunum 

Similarlj w e w ere unable to coiifim the obsei v rtion that the formation of 
epithelial gniiuhi non was lediiccd in anemic guinea pigs In fact in Table II 
one notes that anonue animals tended to hive mote gianules tJiaii iioinial am 
inals These findings throw some doubt on the suggestion of Gillman nnd Ivv 
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T\BLE I\ \ I<5IBLr II ON IN llir IHODl \t M \M) Sui F\ OP RntS IFD DiJ'FfllM DlFTS 


croups 

\I<5imE«OVI\ Dl OPF TTM | 

i 

i 

1 lINtBLEirON 
IN SPLEFN 

FIITJUUtM J 

SliOMV j 

vrru TLsr 
nosr 01 

1 Mr ufj\ 

: t ON n Ol S NO 
! TEST host 

\IT1 1 TLKT j 
POSE 01 j 

1 arc iroN j 

1 

CONTI firs NO j 
TFST POSE j 

— IttRli iron diet 

1 resent m 8 
Absent in 1 

Present m 
\l>sent in 

r resent i» 0 1 

f resent m 4 1 
\bscnt in 2 


A — llif^h iron diet 
plus 't dnis low 
iron diet 

I resent in i 
\?)sent in 2 

M>s< nt m 4 

I rt ent in 

Pre ent m 4 \ 

\ 

'*+ 

\ — High iron dn t 

I resent in *. i 
Xhaont in f \ 

Vlibtiit in j 

7 resent in 7 j 

I nstnt in 5 ; 

1 

1 re enf in 4 j 


— Lou iron diet 

I re cut m t \ 
Vh ent m 5 ; 

\bsent m 7 j 

1 

Absent m 10 

\b ent ni 1 

1 3+ or 2+ 

1 

G — I ow iron diet find 
hied from ttiil itin 

1 re oQt in 6 
Vhsoiit in 4 

\)>sent HI i 

1 

\hstnt m ^ 
r resent in 2 

\7»spnt in 4 

i - 


Groups \ B iiul C starve! (or tw nt) four hours prior to a ImJnlstiatlon of tr t tloso 
Croups A on<I \ imt stfrvoil 


tiiat tlie ojJitholinl iiuiUt non is a moi iihologn. csjiKssicm of imieosal WoeK 
Tlio tiwi -studies ucre lutf resting m tins count ctiou Despite the "Hide \arm 
tion in amount of msiIiIc "niiulai non m the dnodoml tpitlicimm tho noimnl 
animals all absoilied alioiit 15 pel cent of flic test meal non ulnlo all anemic 
animals alisoilicd about 00 pel cent 

The icsults of tile „uinca put cspcinnents ncic somcuhal ctpmoeal as to 
tlio lolo of the icticuloeudothclial and hmplinlic s\ stems Tlic amount of \isiblo 
non ni the hmpli nodes spleen ind Inti did not eoiielnte nitb the amount of 
radioiioii Ifovtctci sineo most of the samples of Iheso tissues aieic obtnned 
mole than two bouis ittoi the lest meal and snieo absoiptioii studios indieatcd 
that most of the ibsoiption oetvuud in the fiist two hows one could iiote\clude 
the possibihla tint the non mi^lit aliendj imic eiiteied the blood tn the 
nitcstnial hmpbnfics ind tlioinen duct 

Aftei effoits at tiuantititne tolleition of tboiaeic duct hmpb in pruinca 
pigs, lats and i dibits ind faded the do„ t\|>ciimont w 1S done foi tho puiposo 
of dctcimiinUo to what oxtciil non cnfcied the oiRamsm aia the thoiacic duct 
The entile flow of tlioiacn dint hmph foi si\ boms aftei tho ladioiion test 
meal contained onh 10 28 /i„ of the test dose of iron Assuming a blood aolunie 
eqtlnalent to 8 pel cent of bods weight the blood samidcs collected at thiec and 
file lioiiis indicated that the blood stienm alone contained 104 and 196 (xg of 
the ladioiioii lespeefnelc In this one do„ absoibed non was tianspoifed 
almost caelusnch aia the jioitnl \eiii 

IIoMiig failed to LOiifiim Huso Imdings of tidlnian and lea and baling 
alined at no clcai uudcistnndm„ ol the significance of iisiblc non wo midei 
look the lat studies m the hope lint foreful contiol of diotaii non oici tola 
tnelj long peiiods invbt i leld moic illuminating lesults 

The lesults no tabulated biieflj in Table IV Visible non ociiirred in 
much smallei amounts in lats than m guinea jugs iltlioiigh when piosciit it 
ocoiined m the same toini and anno locations Tlicie was no cleat cut post 
Pemdiid ciile iind no eoiielation hi tween iisiblc non and ladioiion In a series 
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of unpublished experiments ive A\eie unable to lelate the Aariation in amount 
and distiibutioii of visible non to the type of non in the diet and, although a 
vai let's of feiious and feme compounds -sveie tested as veil as the stock guinea 
pig diet, -sve have been unable to inciease the visible duodenal non in rats to the 
le^ els seen in guinea pigs 

In lats, as in guinea pigs, the amount of visible non vaiied considerably 
eyen in gioups hamug been maintained foi -sveeks on the same caiefully con- 
ti oiled non intake Howe's ei, in twenty-six of forty-seyen rats leceiying high 
non diet oi test meal of non -ssithm Hs eiity-f oui houis befoie being killed, visible 
non yas demonstiated ui the duodenal epithelium while it was absent m all of 
nine lats (A^ contiols, B eontiols, and C contiols) which had lecened a low iron 
diet for at least tbiee days and no test meal This suggests that consideiable 
n on has been pi esent in the diet within the last few days of life when yisible 
non IS found in the duodenal epithelium In twenty-nine of thnty-one lats 
given a high non diet foi seveial weeks, visible non yas present in the phago- 
cytes of the duodenal stioma but yas absent in twenty-tlnee of twenty-five lats 
gnen a low non diet thioughout Adnninstiation of a low non diet for tlnee 
days following seveial weeks of high non diet (Gioup A^) did not result in 
the disappearance of the visible iron in the stioma Apparently this stromal 
non accumulates dining peiiods of consideiable iron intake and disappeais 
more slowh than the epithehal non duimg periods of low non intake 

The amount of visible splenic non m lats sliowed no lelationsliip to the 
single test meal but was uniformly high in all lats on a high iron diet, moderate 
111 rats on a low iron diet, and absent in anemic lats on a low non diet These 
findings are consistent with the widely accepted view that visible non in the 
spleen is storage non ydiich reflects geneial lei els of storage non except in condi- 
tions dial actei ized by excessive destiuction of red cells 

SUMMARY 

1 Combined histochemieal, ladioautograpluc, and tiacei methods yere used 
to study the absoiption and distiibution of single test meals of ladionon in 
guinea pigs, rats, and one dog 

2 The non demonstiated histochemically in the duodenal mucosa, the 
mesenteiic and ceivical lymph nodes, livei, and spleen yas derived largely from 
sources other than the single test meal This nsible non did not undeigo well- 
defined cyclic changes after a single non meal It accumulated over a period of 
days 01 weeks of contmued intake of a diet contaiinng consideiable iron It 
behaied more like stoiage iron than non in transport 

3 The visible granular non in the duodenal epithelium exerted no demon- 
strable effect on the amount of non absorbed, and it did not appear to be a 
morphologic expiession of mucosal block 

i hlost oi the ladionon of the test meal traiersed the duodenal epithelium 
rapidly' In one dog it yms transported from the mtestine via the poital vein 
only' insignificant amounts being found in thoracic duet lymph 
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5 There was no evidence to indicate that the reticuloendothelial sjstem 
participated directly in the absorption of iron from the intestine or transport of 
the absorbed iron from the intestine to the Inei, blood, and other oigans and 
tissues 
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NEEDLE BIOPSY OP THE LIVER USING OXIDIZED CELLULOSE 
AND THROMBIN TO PREVENT HEMORRHAGE 

H L Clay, SI D , and Lews DrciaNSON, SI D 
Louisville, Ky 

D uring the past fifty yeais needle biopsy of the liver has been perfoimed 
foi puiposes of diagnosis and study of the etiologj, pathogenesis, and alteied 
physiology in various diseases of the livei This lelatively simple bedside pio- 
cednie has been at times a helpful tool for the investigatoi in attempting to 
evaluate different legimes of theiapy and vaiious liver function tests Needle 
biopsy offers several advantages over othei methods of obtaining mateiial foi 
micioscopic study A needle biopsy sample of livei tissue can be immediately 
fixed, stained, and studied vithout the necessity of attempting to evaluate the 
autolytie changes that may be encounteied at times in post-mortem material 
Anothei advantage of needle biopsy is that repeated studies of the same patient’s 
liver can be carried out at vaiied intervals, whereas it is not usually feasible to 
repeat laparotomies merety to examine mieioscopically sections of the liver In 
some instances patients critically lU rvith cancer have been spared the discom- 
forts of an unnecessary exploratory laparotomy because it has been possible to 
confirm the presence of hepatic metastasis bj’’ means of microscopic examination 
of matenal from a diagnostic needle biops 3 ^ of the liver Since this pioeeduie at 
times offers so much from a diagnostic and cluneal standpoint, one might wonder 
why there have been onlj’- about 2,000 instances of its use lepoited in tlie litera- 
ture during the past half ceiituij’- Examination of the moitalrty and complica- 
tions following the use of this procedure as reported^ leadilj’^ reveals the reason 
for the lack of a more general interest and application of needle biopsy ot the 
liver It is noteworthy that eleven of fourteen deaths reported iii the literature 
as lesultmg from needle biopsj' ueie due to hemorrhage and three were from 
peritonitis 

METHOD 

The method which we used in our first 140 biopsies, 119 of whicli ha\ e been reported , 12 
has been used extensn elv in tins countrv and described m previous reports ■» "> » 12 The 
Vim. Silverman needle was emploved through an anterior subcostal approach The pro 
cedure which we are now using and haie employed dui mg our last eightj five biopsies 
involves the use of the X^im Silverman needle in conymction with a trocar, plunger, and 
cartridge for oxidized cellulose* (see Fig 1) 


Prom the Depaitment ot Medicine Universitj of Louisville Sciiool oC Medicine 
Received for publication Oct IG 1948 

-The liver biopsj instruments used in this studj were made for us by Mr Harold Breed- 
m- instrument Technician Department of Phjslology Universitv of Louisville School ot 
Medicine and maj be procured from Mr Breeding 
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FfS 1-— 'Needle blops> technique with modified Mm Slherman needle trochar cartridge for 
oxidized cellulose and pluneer (Sec Method I 

Bleeding clotting and prothrombin tiiuea are determined prior to biop j nnd the 
patient is gnen intramuscular sodium plicnobarbitnl sedation "With the patient lying on 
his back the abdomen is prepared carcfiillj witJi Jferthiolnte and alcohol nnd draped inth 
aterile to\sel<i The '»kin of the abdominal ^'nll down to nnd including tlio pentontum is 
then carefulh infiltrated with noiocain V 2 to 3 mm incision is made in the skin with 
a bio 11 Bard Parker blade to facilitate the introduction of the trocar and needle For 
^la enlarged h\er the site nsinll^ selected is about 2 cm to tlie right of the inidline nnd 
just below the costal margin but this \arica with the individual caie and depends upon 
the location of palpable nodules or special areas that one might desire to biopsi The 
Vim SiUerman needle locked inside the trocar bj a set screw (as shown in J Fig 1) is 
introduced through the skin and down into the U'er until the entire be\el of the Siherninn 
needle is beneath tho luer capsule The stylet is remo\ed and the cutting blades are intro 
duced through tho Silverman needle 17 era into the liver substance (as shown in 2? 

1) The cutting blades are then held firnilj in place while the trocar and Silverman 
needle are also pushed down over tho cutting blndes 1 7 cm into the liver tissue thus 
shearing off tho tissue protruding from tho sides of the cutting blades Tho set screw on 
the trocar is next released and the Silverman needle and cutting blndes containing the 
biops) are rotated through o60 degrees and removed together from the trocar At this 
point the tip of tho trocar is still 3 7 cm dovvn into the liver substance at the base of the 
biopsi Site (as shown m C Fig 3) The cartridge (shown in D Fig 1) containing oxidized 
cellulose (Ox^col or Qelfonm^ which has been made pliable bj soaking in thrombin <4olution 
18 placed into the trocar nnd the plunger (shown in F Fig 1) is pu hed down through the 
cartridge and troc ir forcing the cellulose plug into the base of the biopsv tract in the 
liver As this is being doni. tho trocar is withdrawn from tho liver leaving the biopsj 
site packed with a plug of oxidized cellulose and thrombin (as shown in F Pig 1) Aa a 
further adjunct to the control of bleeding a small piece of gauze js pi iced over the skin 
incision nnd firm pressure is applied directlv over the biopsv site wjtJi the gloved thumb 
for approximatelj five minutes 
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The biopsj tissue is removed from the catting blades and is immediately put into the 
fixative, or, if glj cogen determinations are to be made, is immediately immersed in potas 
Slum hydroxide in a weighed container The patient is kept as flat as possible for six to 
eight hours after the biopsj and is allowed out of bed in eighteen to twentj four hours i£ 
there are no complications apparent or other contraindications for his being ambulatory 


RESULTS 

In our first 119 biopsies without the tiocai oi oxidized cellulose and throm 
bin, we had the following complications Symptoms of shock in three instances 
(mild and leadily overcome, plasma being used in only one case) , mild bile 
peritonitis in two instances In our present senes of eighty-five cases usmg 
oxidized cellulose and thiombm, we have had no untoward symptoms or signs of 
any complication 

DISCUSSION 

The iivei biopsj' method outlined in this report was developed for the pri 
mary purpose of ledneing the danger of hemorrhage which has heretofore been 
the chief cause of moitality associated with this procedure Piopei selection of 
cases IS still necessaiy, and care m directing the needle is also very important, 
because perforation of a viscus ivith resultant peritonitis may occur Fnrther- 
nioie, it is felt that this procedure will certainly not prevent arterial hemorrhage 
as in the case lepoited bj’- Hoffbauer', consequently, care must still be used m 
observing the patients after this proeeduie 


SUMMARY 

A method of employing oxidized cellulose and thiombin which may aid in 
preventing fatal hemorrhage from the hvei following needle biopsy is heiein 
presented 
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DETECTION OF BROJIATE IN BLOOD AND URINE 


A L DuN^, Ph D , VND A R jMcIntike, JI D , Ph D 
Omahv Neb 

W ITH tlic Bidel\ pie\alent use of bromatc solutions in conjunction with 
hail waving kits of vanous manufactuiers a need has ansen for a lapid 
(jualitatue test foi bi ornate ion in blood and urine to establish mth surety the 
picsence of biomate in those rare instances in ivhicli accidental ingestion is 
suspected so that appiopinte therapeutic nicasuics can be instituted A test is 
presented which has high sensitintj and utilizes reagents leadily available in 
anj hospital laboratorj Such eases of poisoning aic rare, but the frequency 
of cases in which bromate poisoning is suspected has increased recentlj This 
test will proie of -value in making a positiie diagnosis 

One of the earli uses of an azo die such as methjl orange in a qualitative 
analj sis for a halate was made In Besemann ' Korenman' found that the de 
eolonzation of methjl oiange b\ bromate ion pioceedcd much more rapidlj 
than bj chlonto, lodate and other oxidizing anions and based a qualitatite test 
for bromatc on tliis decolorization by an acidified solution containing bromate 
ion Ho claimed a sonsitmtj of 14 gammas in 2 c c of solution SarudP 
evolved a volumetiie deteimination of bromates using methvl orange as an 
indicator A comparison of volumetnc analjscs for bromate using the lodometric 
ttclmiquc and using methjl orange os the indicatoi was made bj von Stetina* 
who found that methods using methjl orange ns an indicator were in good 
agreement with the lodometiic technique 

Korenman also established the quantities of othci substances which ohseuie 
the decolorization of dilute methvl orange bj 20 gammas of potassium bromate 
in weak acid solution A summarj of his figures is given in Table I 

As a part of the development of the following piocedure, a careful evalua 
tion of some of the commonlv available azo dves was made Their hues and 
intensities and lelative sensitivities to bromatc weio studied See Table II 
Jlethjl oiange in the dilution used and in acid medium has a pale pink color 
which lb difficult to see in uiine and impossible to use with plasma from blood 
in wliieh the slightest hemolvsis has occuiicd Bismaick brown has a weak 
jellow browai coloi in dilute solution and bonce is useless when determining 
bromatc in urine Congo red and tivpan blue arc moie satisfactory but neitbci 
gives as stioiig a color in the dilution used as does Evans blue Of the dyes 
investigated Evans blue was supeiior in hue and inteiisitv and was equal to 
anj of the others in sensitivitv to bromatc A vciv sharp clean cut test could 
he obtained with coiicentiations of potassium bromatc of 10 gammas per cubic 
centimeter of tested fluid Of all the substances having am likelihood of being 

. 5Vom the Department of PhjsloloBy mttl Pharmacoloffj Unlveraltj of Nebraska College 
of Medicine 
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Table I 

(By its rapidity in decolorizing 2 drops of 0 015 per cent metliyl orange in iieak acid, 20 
gammas of potassium bromate can be detected m the presence of the indicated amounts of 
the substances listed below Of the substances tested, nitrite is shown to be the most hkelj 

to inteifeie Korenman ~) 


KI03 

40 mg 

(KBrO, KIO3 — 1 2,000) 

KC103 

20 mg 

(KBrOj KCIO3 = 1 1,000) 

KN03 

50 mg 

(KBrO^ KN03 = 1 2,500) 

ILCrO, 

3 mg 

(KBrOj KCrO =1 150 ) 

K,Fe(CN)<, 

40 mg 

(KBrOj KjFeCCN)^ = 1 2,000) 

NaNO 

300 y 

(KBrO^ N-aN03 = l 15) 

NaCI 

400 mg 

(KB1O3 NaCl^l 20,000) 

KBr 

200 mg 

(KBrOj KBr = l 10,000) 

(NHJ S 0, 

200 mg 

(KBrO, (NH,)„SA = 1 10,000) 


piesent in the blood or urine, only nitiite inteifered bj" shifting the coloi of the 
dye fiom blue to violet or, in highei eoneentiations, by decoloiizing it This 
was to be expected smee Koienman’s figures show tliat nitiite ion, among the 
substances he tested, approached neaiest to Inornate in its powei of decolorizing 


Table II 


1 

IN 2 CC 
SOLUTION 

EVANS BLUE 

0 01% 

(0 1 0 C ) 

TRVTAN BLUE 

0 01% 

(0 1 C C ) 

CONGO RED 

0 01% 

(0 1 c c ) 

METHYL 

ORANGE 

0 01% 

(01 00) 

BISMARCK 

BROW^ 

0 01% 

(01 CC) 

KCIO, 


Pale blue iiolet 

Pale blue 

Pink 

Yellou brown 

1 mg % 

KCIO3 

Blue 

Pale blue nolet 

Pale blue 

Pink 

Yellow broun 

10 mg % 

KCIO3 

100 mg % 

Violet 

Pale blue — 
colorless in 
one hour 

Pale blue — 
colorless in 

25 min 

Pale pink — 
colorless in 

10 nun 

Pale jellow 

KBiO, 

Decolorized 

Decolonzed in 

Decolonzed in 

Decolorized in 

Pale jellow 

Img % 

instantly 

stantlj 

stantly 

stantlj 

KBrOj 

Decolorized 

Decolonzed in 

Decolorized in 

Decolorized in 

Decolorized m 

10 mg % 

mstantlj 

stantlj 

stantlj 

stantlj 

stantly 

KBrO, 

Decolonzrf 

Decolorized in 

Decolonzed in 

Decolonzed m 

Decolonzed m 

100 mg % 

instantlj 

stantlj 

stantlj 

stantly 

stantly 

KIO, 

Blue 

Pale blue \ lolot 

Pale blue 

Pink 

Yellow brown 

Img % 

KIO, 

Blue 

Pale blue i lolet 

Pale blue 

Pink 

Yellow 

10 mg % 

KIO, 

Blue 

Pale blue nolet 

Pale blue 

Pink 

Yellow brown 

100 mg % 

KNO, 

Blue 

Pale blue violet 

Pale blue 

Pink 

\ellou bronn 

Img % 

KNO, 

Blue 

Pale blue nolet 

Pale blue 

Pink 

\ello\N brown 

10 mg % 

KNO, 

Blue 

Pale blue Molet 

Pale blue 

Pink 

\ellow broun 

100 mg % 

Na,AsO, 

Blue 

Pale blue violet 

Pale blue 

Pink 

Yello^^ broun 

1 mg % 

Na^AsOj 

10 mg % 
NAjAsO^ 

Blue 

Pale blue violet 

Pale blue 

Pink 

Yellow brown 

Blue 

Pale blue violet 

Pale blue 

Pink 

Yellow brown 

100 ms: % 

NaNO, 

Img % 

Very faint 
blue violet 

Faint blue 

Decolonzed in 
stantlj 

Pink 

Pale jellow 

NaNO. 

10 m’g % 

Decolorized 

instantly 

Faint blue 

Decolonzed in 
stantly 

Pink, fades 
rapidly 

Pale j ellow 

NaNOj 

Decolorized 

Verj faint blue Decolonzed in 

Decolorized 

Yellow brown 

100 mg % 

instanth 


stantlv 

instantlj 

— 
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methji orange The ^^ellkno^\ll reaction between nitrons acid and primarj 
Tmmes can be utilized to dcstlo^ nitnte, simplj bj the addition of an excess 
of urea to the icidified solution to be tested ^len verj minute quantities of 
bromatc tic picsent, the addition of urea slows the decolonzation of the dje but 
does not inteifeie with the test 


PROCEDURF 

To 2 c c of blood plasma or mine to be tested add 1 e c of 3 oi 4N HCl 
If plasma is used, centrifuge aftei adding the acid to throw down the proteins 
Add 01 cc 01 2 drops of 0 01 pci cent E^ans blue m water solution Imme 
diate fading of tlie blue color sliows the piesencc of bromatc If nitiite is 
suspected add 0 25 Gm of uiea and wait for the e\olution of nitrogen to cease 
hefoie adding the d^e "When biomatc is picsent in amounts coriesponding to 
1 mg pel cent KBrOj the time icqimed to decoloiize the d^e in the presence 
of uiea IS lengthened to ten or fifteen seconds 

SUMM \RT 

A simple and lapid method foi the detection and confiimation of the pres 
cnce of bromate in blood or urine has been described The metliod is based on 
the selective decolonzation of an azo d^ e Evans blue b\ bromatc ion 

RETERFNCES 

1 Bp^emann Use of afethjl Orange for the Detection of Frac Chlorine and Chloramines 

Chem Ztg 62 820 1928 

2 Korenman I Detection of Bromate** Zai odskaj a Lab 4 427 lOuS 

3 Sarudi Imre t olumetne Determination of Broroates by na Indirect Method Kis^rletugyi 
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4 Von Stetinn Imre Indirect Volumetric Determination of Bromate Z anal chem 108 
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THE USE OF AZOALBUMIN AS A SUBSTRATE IN THE 
COLORIMETRIC DETERMINATION OP PEPTIC 
AND TRYPTIC ACTIVITY 

Rudolph M Tomakelli, Ph D , Jesse Charney, M S , and 
]\'Iary Lord Harding, M N 
Philadelphia, Pa 

T he coupling of a piotein with a cliazotized aiyl amine will piodiice a 
ehroniophorie deiivative Such an azoprotem may he piecipitated fiom 
solution by tiichloracetic acid to yield a coloiless filtiate If the azopiotem 
solution IS subjected to pioteolytie digestion, coloied reaction pioducts aie 
formed which are soluble in tiichloi acetic acid solution The intensity of 
color in the tiiehloi acetic acid filtiate of the digested substiate is a function 
of the pioteolytie activity of the enzyme solution These findings have 
seived as a basis foi a eoloiimetiic method foi the deteimination of the 
proteolytic activity of duodenal juice ^ Sulfanilamide-azoeasein, the sub 
strate used, being soluble only in alkaline solution, could not be used for the 
determination of peptic activity The piesent publication lepoits the 
preparation of an azoalbumin which is soluble in both alkaline and acid solu- 
tion and therefore permits the coloiimetiie method to be adapted to the 
analysis of gastric as well as duodenal juice 

experimental 

Preparation of Sulfanihc Acid AsoaVbumm Solution A 50 Gm of bovine plasma 
albumin* are dissolved in 1 1 HjO Ten grams NaHCOs suspended in 100 ml HjO are added 
ivith stirrmg Solution B 0 025 mole sulfanibc acid is dissolved m 200 ml H 0 contammg 
0 025 mole NaOH (5 0 ml of 5 ON) , 0 025 mole NaNO added Solution stirred and 0 05 
mole (10 0 ml of 5 ON) HCl added Solution stirred two minutes and 0 05 mole NaOH 
(10 0 ml 5 ON) added to stirred solution Solution stirred for five seconds and added at 
once to Solution A with vigorous stirring 

Material stirred five minutes and dialyzed agamst cold tap water overnight The 
dialyzed solution is then lyophilized The azoalbumm is a red orange compound uath an 
absorption maximum at 440 to 450 m;i (Fig 1) The color concentration relationship of 
azoalbumin follows Beer’s lau (Fig 2) This is fortunate in that in the calculation of 
enzyme activity, optical densitj values may be substituted for substrate concentrations The 
azoalbumin is soluble m the pH range below 3 and above 5 

Digestive Juice The gastric or duodenal juice sample is centrifuged at about 1,500 
r p m for ten minutes and the sample is taken from the relatively homogeneous middle 
layer Duodenal juice samples are diluted 1 100 wath 0 5N ammonium hydroxide ammonium 
chloride buffer of pH 9 5 Gastric juice samples are diluted 1 20 ivith 0 2N hydrochloric 
acid sodium citrate buffer of pH 1 6 

From the Nutritional Sen ice of the Department of Pediatrics and the 
Section of the Medical Clinic of the Unlversltj of PennsjUania Medical School ana 
Wyeth Institute of Applied Biochcmistr} 

Presented at the Miniature Meeting of the Philadelphia Section of the Amer 
Chemical Society Jan 22 1948 

Received for publication Dec 1 1948 rhicaso 

•The preparation used was bovine plasma albumin Fraction V Armour Companj C 
R1 Other Edbumins may be used 
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1 — \bson>tIon cur\c of sulfanillc acid ozoalbumln (0 12 mg 


per miniutcr) 



t ig — Color concentration rclnttonsUlp of azoalbumln 


ijubsfrnfe Solution The azoalbumin is dissolved in the buffer appropriate to the dc 
lermmation at n. concentration of 25 mg per imlhhter 

J'rocedure The details of the nssaj procedure lin^c been reported in an earlier publica 
tioii 1 Each determination is set up in duplicate Ono milliliter of substrate solution is 
I’lpottod into a test tube, 1 ml of the diluted enzjmo sample is added and the mixture di 
tested for thirtj minutes at 38 C The digestion is stopped and undigested substrate re- 
mo\cd from solution b> the addition of 8 ml of 5 per cent trichloracetic acid 
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Fig 3 — Eelationsliip of pi oteolj tic actU itj of duoaenal juice to tliuo of digestion 



Fig 4 — Relationship of proteolj tic actlv itj of gastric juice to time of digCbtion 

The contents of each tube ire filtered through paper To a 5 ml aliquot of 
the filtrate are added 5 ml of approximatelt 0 5N NaOH and color intensitj is 
read on a photoelectric colorimeter (440 m/i) A substrate blank is prepared bt adding 
1 ml of buffer to 1 ml of substrate solution and treating the tube in the same man 
ner as the samples No blank need be run for the enzjane solution since the final dilution m 
the case of duodenal juice is 1 2,000, and 1 400 for gastric juice 

The actinty of tlie juice is expressed in terms of the veloeitj constant of the enzjanatic 

1 C 

reaction, K = 2 3 log , where C, and C are initial and final piotein concentrations 

respectiiclj after t minutes of digestion 
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Since the color concentration relationship of azoalbumm and its digestion products 
obejs Beer s ln^\, optical den'«it\ \alues mni bo «iubstituted for C ^alues Iho initial con 
centration, C„ is dcterniincd bj adding 5 ml of 0 SN NaOH to a 5 ml aliquot of a 1 200 
dilution of the substrate solution and then reading the color of the final solution This optical 
densitj value is multiplied by tnentj to Meld the 0 value, since tho undigested sample is 
diluted twontj times more thin the filtrate samples The C* value is determined by subtracting 
the optical densitj of the triehloracotic acid filtrate from tho C, value This is permissible 
since n solution of azoalbumm nhich is compictclj digested (no trichloracetic acid precipi 
tate) has the same color mtensitj as an undigested sample 

Tho velocity constant la calculated for the diluted solution and multiplied b} the dilution 
factor to obtain the reaction constant for the undiluted juice 



Ffp 5 — Relationship of proteol>tlc actI\U> to the enzjmc concentration of duodenal Juice 


lielatwnslnp of Pi oteohjtic Ichvity With Ttmc of Digcshon — The velocitj 
constant maj be used ui expressing enzrnnc actiMtj onh if the digestion nte 
of azoalhumin fulfills the lequiiements foi i inonomoleenlar lenction, i e , log 

Q 

jr should lie diieetlj piopoitioml to time Bj digesting samples of the sub 


stntc foi Miyiiig peiiods of time mth a dilution of the digestne juice the 
timeactiMtj lelationships for duodenal juice Pig 3 and for gastnc juice, 
Pig 4 weie obtained The i cetilineantj of the relationship for each of the 
juices is in accoi dance nith monomoleeiilai leactions 


PeUiitonsliip of Fmyme C oncenti ation and Actmty — The iclociU con 
stant of an enzMiie leaction is a function of enzyme eoncenti ation The rela 

Q 

tionship hetneen enzjme actiMU log ~ and eiizjme coneenti ation pioied 

to he lectilineai in the digestion of azoalbniuin nith duodenal juice and with 
gastric jiiicc, Pigs 5 and 0 A similar relationship nas demonstrated nith a 
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commercial tiypsin concentiate* This diiect pi opoi tionality ot enzyme ac 
tivity with the dilution is foitiinate in that it permits i ecalciilation to original 
juice 01 enzyme solution activity merely by multiplying the velocity constant 
by the dilution factoi A similai study with an aqueous evtiact of papaja 
powdei f 01 tided with cjsteine did not give a lectilineai relationship except 



PERCENT JUICE DILUTION 
6 — Relationship of proteoU tic activiU to the enzj me concentration of gastric juice 

in regions of extieme dilution This nonconf oi mity may lesiilt from the 
presence in the ciude piepaiation of inhibitois which aie effective at the 
higher concentiation, or perhaps the mode of attack by papain on the aM 
protein differs from that of the enzymes of gastric and duodenal juice 

DISCUSSION 

The selection of albimim foi the prepaiation of the azopiotein suhstiate 
permits the coloiimetiie method foi pioteolytic activity to be used foi gastric 
as well as duodenal juice With azoalbumin as the siibstiate, pioteolytic 
activity may be detei mined foi any enzyme that is active in the pH legions 
above 5 and below 3 The coloiimetnc method has pioved readily adaptable 
to the routine testing of clinical samples It is simple, sensitive, and has shown a 
high degiee of reprodiieibibty The substiate is easily piepaied and solutions 
are relatively immune to bacteiial contamination Since the substrate is 
soluble, the method has a definite advantage in that the late of digestion is no 
influenced by particle size The color concentration relationship of azo 
albumin and its digestion products adheres to Beer’s law, thus eliminating t c 
necessity for nomographs The coloi is stable and chromogenie reagents ai 
not required for its development Although the details of the cleavage 
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azoalbumin have not been studied, the method appears to be a true measure 
of proteolytic activity The appearance of coloi in the trichloi acetic acid 
filtrate necessitates cleavage of the peptide bond, since the ehlomophoric 
grouping reqmies an intact diazotized ammo acid oi peptide fiagment 
Furthermore, comparative studies have shown that the colorimetric method 
has given results m good agreement ivith those obtamed by the method of 
Biggs and Stadie 

SUMMARY 

A colorimetric method foi the determination of the proteolytic activity 
of gastric and duodenal juice is described The digestion of a solution of 
azoalbumin by a dilution of the digestive juice produces colored reaction 
products which are soluble m trichloracetic acid The color intensity of the 
trichloracetic acid filtrate of the digested substrate solution is a function of 
proteolytic enzyme concentration 
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commercial tiypsiii concentiate* This diieet piopoitioiiality of enzyme ae 
tivity ivith the dilution is fortunate in that it permits recalculation to oiigmal 
juiee 01 enzyme solution activity merely by multiplying the velocity constant 
by the dilution factoi A similar study ivith an aqueous extiaet of papaya 
poivdei f 01 tided with cysteine did not give a lectilmeai relationship evcept 



Fig: 6 — Relationship of proteol) tic activltj to the enzjine concentration of gastric Juice 

in regions of extienie dilution This nonconfoimity may lesult fiom the 
presence m the eiude piepaiation of inliibitors which aie elfectne at the 
higher concentiation, oi peihaps the mode of attack by papain on the azo 
protein diifeis horn that of the enzymes of gastric and duodenal juice 

DISCUSSION 

The selection of albumin foi the pieparation of the azoprotein substiate 
permits the eoloiimetiic method foi pioteolytic activity to be used foi gastiic 
as weU as duodenal juice "With azoalbumin as the substiate, pioteolytic 
activity may be detei mined foi any enzyme that is active in the pH legions 
above 5 and below 3 The colorinietiic method has pioved leadily adaptah e 
to the routine testing of clinical samples It is simple, sensitive, and has shoini a 
high degiee of repioducibility The substiate is easily piepaied and solution'' 
aie lelatively immune to baeteiial contamination Since the substrate is 
soluble, the method has a definite advantage in that the late of digestion is no 
influenced bj paiticle size The coloi concentiation lelationslup of azo 
albumin and its digestion piodiicts adheies to Beer’s law, thus eliminating 
necessity for nomogiaphs The color is stable and chiomogenic lea gents arc 
not requiied for its development Although the details of the cleavage 
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azoalbumin ha\e not been studied, the method appears to be a tine measure 
of proteolytic aetivitj The ippearance of color in the trichloracetic acid 
filtrate necessitates cleavage of the peptide bond, smee the chlomophonc 
grouping requiies an intact dnzotized ammo atid oi peptide fragment 
Furthermore, eomparatne studies hare shoun that the colorimetrio method 
has giien results in good agreement imth those obtamed bj the method of 
Riggs and Stadie * 

SUMM VK\ 

A eoloiimetnc method foi the deternunation of the proteolytic aetivitj 
of gastric and duodenal juice is described The digestion of a solution of 
^ azoalbumm bj a dilution of the digestive juice produces colored reaction 
products which are soluble in trichloracetic acid The color intensity of the 
trichloracetic acid filtrate of the digested siibstiate solution is a function of 
proteolytic enzyme concentration 
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A HEAiATOLOGIC SLIDE RULE FOB CALCULATING THE 
COKPUSCULAE CONSTANTS 

Willmjvi E Best, MD 
Chicago, III 

S INCE Wintrobe- fiist demonstiated a kno^\ ledge of the coipuscular con- 
stants to be of aid in evaluating the anemias, clinicians and technicians hai e 
stiuggled with the necessaij calculations The time-honoied and most tedious '■ 
appioach is thiough a pioeess of long division, lepeating the calculations thrice 
to aiiive at mean coipusculai \olume, mean corpuscular hemoglobin, and mean 
coi-pusculai hemoglobin concentiation lespeetiveh Those adept with the slide 
lule may shorten tins pioeess someivhat Wintiobe® piesents a nomogiam In 
E E Mason nliich is easily lepioduced, is reasonably aecuiate, and delineates 
noimal langes foi the coipuscular constants Its disadvantages aie those of all 
nomograms, namelv, the difficulties of deciphering which scales are used foi 
vaiious purposes and of tiding and maintaining a ruler on given points of widelv 
separated scales ‘Whillans^ has devised a ciicnlar slide lule having tvvo scales 
Avith which the standard corpuscular constants as well as volume, color, and 
saturation indices may be determined Allowance may be made for hemoglobin 
readings in per cent and for use of potassium oxalate alone as anticoagulant 
This instrument is leiy usetiil but is not as simple noi as complete in sup 
plementaij^ information as is the one heiein desciibed Eecently a pharma- 
ceutical house^ has distiibuted a linear slide rule which mil aid ni vanous niinoi 
hematologic calculations as v ell as the color index, but it is not concerned with 
the corpuscular constants 

DESCRIPTION 

The present calculator (Fig 1) is essentially a circular slide rule haring 
tliiee revohnng, concentric disks graduated mtli appropriate segments of 
logarithmic scales corresponding to C and C! scales on the standard slide rule 
These, together vitli a transparent indicator, pivot about a central rivet The 
method of manipulation is simple and is cleailj^ explained on the rule itself 
Kanges of adult normal persons for led count, hemoglobin, hematocrit, and the 
thiee corpuscular constants aie indicated according to the values of 'Wintiobe® 
Approximately 85 pei cent of normal persons should fall 11111110 these ranges 
A scale for conieision of per cent to giams as well as scales for volume, coloi, 
and saturation indices coiiespondmg to respective corpuscular constants is in- 
cluded The latter are based on 1 allies of 5 0 million for eiythiocitic count, 

43 2 pel cent for hematocrit, and 14 5 grams for hemoglobin'’ Approximate 

From the Department of Internal Medicine Univeisitj of Illinois Research and Educn 
tlonal Hospital 

Aided bj a grant from The Hematologv Research FoundaUon 
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ERRATUM 

Ifl the article by Chang and Hou Cold Hemagglutinin lest by a Slide Method, 
in the November 1948 issue of the Journal the fifth line of the Discussion# p 1449, should 
read ^ in Table III cannot be explained by the difference in the method of examin 
mg » 
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Table I Eange of Expected Error op Red Count Usixg One Pipette and One Counting 
Chamber, According to Various Estimates and Calculations 



[ expected range of error 

TRUE ERYTHROCYTIC COU^T 

1 BERKSON 

1 WINTROBE 1 

PRESENT RULE 

5,000,000 

800,000 

200,000 

400,000 

2,000,000 

370,000 

200,000 

150,000 


an aecuraejr of + 23 pei cent Impropeilv standaidized instiuments may vaiy 
as much as 20 pex cent The erioi of the e^e in matching colois in visual hemo- 
globinometeis has been stated to be 10 per cent and is probably gi eater m many 
eases A hematociit after centrifugation at 3,000 i p m foi thirty mmutes 
should give an accuracy of ± 0 5 pei cent In a well-iegiilated laboratory, Wm 
trobe“ states that the coipusciilar constants should not vaij^ more than ±25 
cubic microns for MOV, ± 10 micromieiogiams foi M C H , oi ±08 per cent 
for M 0 H C All of these expected ranges of vaiiation have been roughly m 
dicated on the calculator 

DISCUSSION 

In checking the calculator against values obtained by long division ive not 
infrequently have found errors of several points in the long division process 
Table II illustrates the saving in steps, and hence of time, in detemming 
the corpuscular constants by the present method as against the other methods 
reviewed 


Table II Steps Required in Calculating Corpuscular Constants According to 

Various Methods 


technique 

1 NUMBER OF STEPS 


Long dnision 

30 


Slide rule 

9 


Nomogram 

9 


Whillans’ rule 

9 


Present calculator 

6 



Norris and Vogan- have proposed a chart showing relationship of red 
count, hemoglobin, and hematocrit for use in checlang the accuracy of labora- 
tory procedures against each other in routine determinations on patients vuthout 
anemia and on other ^vise healthy persons who have suffered acute blood loss oi 
hemoconeentiation The calculatoi herein described may be used for the same 
purpose by setting the triangular pointers for the corpuscular constants to the 
1 0 maik on the corresponding hematologic indices Individual deteimmations 
of the three primary values (red count, hemoglobin, and hematocrit) for a pa- 
tient fittmg the foregoing description ivhich are significantly out of alignment 
with the other tvo pnmarj values may be considered m erior 

SUMMARX 

A nev, simplified, ciicular slide rule foi calculation of the corpuscular con 
stants.and related hematologic indices is presented Eanges of adult normal 
persons as veil as expected ranges of variation in deteimmations are cleaily in- 
dicated A method of using the instrument foi eheclnng laboratoiy procedures 
against each other is outlmed 







BESPONSE OP EINGU VL MANIFESTATIONS OP PBKNICIOUS 
ANESHA TO PTEROI EGI UT VMIC ACID AND VITASIIN B, 


J ■I'liES P Soini w M D VND E W Rtjndujs M D 
Dubhim N C 

A lthough Uie tlieiapeutic ifleeti^encss of s}^^tlietIe pteroj Iglutanuo 
acid m the majoiitj ot patients with peniiciotis nneniia has been sat 
isfactorj, shot t coinings hate been obsened At the beginning of theiapj, 
1 etienloej tosis althougii pioinpt is often suboptimal The use in led 
cell eoimt is nsiiallj slottei than with htei extinct Maciocjtosis maj 
peisist for months, and dining niiintenance theiapj the blood tallies may 
eten dcelinc'* ■' ’ uni so while some patients tilth the nemologie 
manifestations of peinieions nncinia mat shotv improtement early in the 
course of pteiojlglutamie icul theiapt ® * “ the faihne of this compound in 
doses of 2 5 to 20 mg pei tin to puiteet patients against neurologic relapse 
has been of gi eat concern ” ” n J' * t a so si 

The effect of pteiojlglutamie acid on the tlurd irapoitaut clinical mam 
festation of peinicions nncniia that ot atrophy and inflammation of the Iin 
gual mucosa has leeeited less stiult but m some cases at least it appeal's to 
he nnsntisfaotoi } ’ * The pin pose of this paper is to report additional 

patients mth the lingual niainfestations of peimoiotis anemia tv ho were 
tieated with pteioi Iglutamto aeul In some the response w as good, in others 
pool Two developed severe lingnnl relapses while taking 30 to 50 mg per 
daj of the compound The lingual abnoimalities in the lattei eases responded 
to mjeotions of vitamin B, “ as promptlv as did the Ungual manifestations in 
patients wath peuiieious anemia who had had no pievions tieatment 

Each of the following patients exhibited one oi moie of the olmioal man 
ifestations of peruieious anemia 'Vll of them had histamine lefiaetory gas 
tuo achlorhjdiia Othei eomphcatiiig diseases weie not picsent Details 
of the neuiologie disease in some cases will be repotted latei 

The follovnng patient vvas one of two in whom pteiovlglutamic acid 
theiapj pioduced a lapid icstoiation of noimal lingual mucosa The tongue 
lemained noimal and theic vvas nciuologie impiovement m spite of an in 
complete hematologic remission 

P 6S799 This 55 j car old muJatto admitted to Duko Hospital on Aug 15 19i6, 
first developed the Imgual and anemic m'lnifcstations of pernicious anemia in 193C He re 
sponded well to injections of liver extract but being mdiffereat about maintenance therapy, 
suffered at least three relapses one with considerable neurologic damage For at least 8i\ 

Prom the Department of WetllcJnc Duke UnJversJtj School of Medicine and the Hema 
tolos^ Laboratory Duke Ho pital 

The ptcroj iKlutamic acid FoI% tc was kimllj supplied bj Dr Stanton M Hardy of 
Lcderle Laboratories 

The \itamin Bu i\as supplied through the courtesy of Dr Vugustiia Gib on Merck ^ 
Co Inc 

This work wa-^ supported by a grant from the \nna \ Hanes Fund 
Rcccixed for publication Nov 30 194S 
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NOTE ON A SUBSTANCE TO SEAL PLETHYSMO GRAPHIC CUPS OP 
THE BURCHAVINSOR TYPE 

C W Roijfrtson, M D , R H SaiiTHwicic, D 
Boston, Mass 

A MINOR pioblem m the use of a digit pleth'^smogiapli m which an an tight 
seal must be obtained betueen a plastic oi glass cup and the digit is the 
choice of a sealing compound The Buich-Winsoi plethysniogiaph^ is an ex- 
ample of this type of appaiatus Theie aie at the iiiesent time appioximately 
eight j’" Of these machines in use Oui expeiience with a new t'^pe of sealing com- 
pound theiefoie is consideied worth lepoitiiig in the hope that it may help 
otheis 111 the use of this tjiie of instiument 

The sealing compoxuid fuinished with the inacliine is a mixtuie of piinteis’ 
compound and oidinaiy glue Vaiious piopoitions of these two substances yield 
in oducts wuth slightlj'’ diffeient phj^sieal characteiistics inth legaid to melting 
points, lubberiness, etc All combinations, howevei, have the disadyantages of 
(1) being watei soluble (2) lequiiing then use in a heated state, (3) being yeiy 
tacky and difficult to manage if not applied immediately aftei tiansfei fiom the 
heating bath Being w'atei solulile makes the compound unstable w hen the digit 
is pel spiling, with dilution of the compound at tlie slon suiface and consequent 
instability of the cups oi eieii loss of seal The last two disadyantages aie of 
paiticulai impoitauee in dealing with digits which aie suiviymg on impaiied oi 
coUateial en dilation eiitnely In such patients use of a melted sealing com- 
pound intioduces the likelihood of piodiicing a bum in tissues that aie of boidei- 
Ime iiabilitj 

In attempting to find a substitute, seieial of the commeicialh ayailable 
cements — iiibbei glues, liquid adhesiyes — ^iveie tiled The compound which w'as 
found to be most useful wms a substance located at Seais Roebuck and Compan}^ 
called Kalk-Koid t This was oiiginalh designed foi a niimbei of things includ- 
ing lepaii of windows, bathiooms, sealing boats, etc The compound was tiled 
and IS at the piesent time being used as follows in oiii laboiatory The digit is 
measiiied by placing it into a gentian solution until it lias displaced 5 c c of solu- 
tion A ling of the compound is then placed aionnd the fingei at the top of the 
stain and the cup then placed ovei the digit to the level of the stain A seal is 
obtained by wmrking the compound aiound the cup with the fingers Runs of 
the same digit using the eommeieial priiiteis’ compound-glue jelh and the 
Kalk-Koid at different times haie showm no significant change in the pulse 
amplitude so that we feel the Kalk-Koid does not cause significant lenoiis oc- 
clusion and consequent change in digit lolunie This substance has shown no 
tendency to change consistency at the lange of tempeiatuies which w^e emploi 
in oui surface tempeiatiiie laboiatoii i e , 65° to 85° P , and it seems to be quite 
insoluble in w atei 

From the Dep-irtment of Suifeen Boston Uni\orsit\ School of Medicine 
Recened for publication Jan 1-f 1919 

’Made b\ the Cimbridge Instrument Compan^ New loik h, V 

tJIanufactureci b\ the Presstite Engineering Compani 3900 Choute lu A^cnue St Louis 
10 Mo 
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deficiexicf Dietary freatment was attempted mthout actable success Svs. laontha before 
admi-'^iOtt slio became markedl} fcrgetftd kt that time Iter fongxie again became red and 
ore Numbness and tinghng in h r extremities became wor®e Ttvo months before admis 
Sion confiL-ion, tveakness and gr & un tea lme«s m walking became everc enough to confine 
her to bed- 

Hxammation showed a confu cd poorly oriented, inattentive vroman barely able to 
move her legs in bed and ju t abl** to sit np alone The tongue was beefy red and entirely 
•mooth except along the margins nhere remnants of filiform papillae were jnst Ti'iblo Xeu 
rologic examination showed cvjJcn of evexe peripheral neuropathy, posterior and lateral 
colomn disease The hemoglobin u »s 13 grams per 100 c.e K B C 4 020 000 TV3 C 
19000 hematocrit 408pcrcent anlaiorat. cell volume 101 cubic micra 

Ptcro^Iglutamic acid wa*: given t\ mouth for four weeks m a dailv do e of 100 milb 
grams After seven dav« the color of the tongue was nearh normal and regenerating filiform 
papiUao ^rere «i«ih visible During the nd week the patient became stronger and clearer 
mentallr but then sho appearo) to gf^t u r e The filiform papillae which had remained 
stubby became shorter and the color of th<' tjnguc became a deeper red The red cell count 
fell to 3 030 000 and the hematocrit t 3S * per cent There was no change m her condition 
after five days of mtamin B therapv mg of thiamm 15 Gim para amitjobenroic acid 
10 mg nboflanc 300 mg nmcia 5u mg al lom pantothenate and 5 mg pyndoxiae being 
given daily It was then consilerel adn able to begin intensive liver extract therapv There 
was little apparent improvement luring the fir t month except for xegrouih of lingual papillae 
and n 0 la blood value*: Vftcr two months of liver therapv the patient s strength and motor 
ability began fo improve stea iilv The hematologic values and the appearance of the tongue 
became normal and remained o the end of twelve months of liver therapy she was able 
to do all ordinary activities at home with httlo motor handicap Her mental condition im 
proved until she was about as well as tefore her lUne Neurologic ciatmnation continued 
to show the expected residuals of pi t<»rior and lateral column disease 

The follovnnj, two patients treated mth pteroTlglutamic acid dereloped 
distinct lingual relapsc-s during the thud month of therapt m spite of satis 
faetorv hematologic and neurologic responses 

■N D C-3336S This 30 rear old mamed postal clerk was admitted to Duke Hospital 
oa April 26 1948 Five years jreviously he had develope*! a red and slick^ tongue that 
despite ntamia B therapy became ore from time to time She became chronically weak 
and nervous and worried inten ely about mmor incidents She was afraid of “losmg her 
annd Nine we^ks before admi sioa to the hospital her tongue became particularly sore 
A few days later she found it difficult to control the movements of her feet Her legs began 
to feel still and tight Her memory deteriorated and she became confu ed- For «etveral 
days before her hospital admission she was confine 1 to bed bv extreme weakness 

Examination howed a confused and apprehensive voung woman She made maur mis 
takes la doing mental arithmetic The tongue was earlet in color had no coat and in 
the nuddorsom there were no risible papillae She was unable to get out of bed without as 
siatanco and could not walk ^vithout suppport from both sides The tendon refiexes in upper 
and lower extremities were hvperactivc The cutaneous sonsr^ were severely blunted below 
the knees There was but little ataxia with the heel to shin test The vibratory en e was 
ab ent below the costal margim The plantar respon es were flexor There was «astaiiied 
ankle clonus more pronounced on the left side. 

The hemoglobin was 12 0 grams per 100 cc EBC 3,300 000 VTBC 8 7o0 hemato 
crit 34 per cent and the average cell volume 101 cubic micra Examination of the bone 
omrrow showed early evidence of me^lobla^tic cell development 

Experimental therapv wath pterylglutamic acid was started under do observation 
Danng the first month the patient was given 100 mg of the acid daily bv month and for the 
next two months 50 mg daily The red count to e to 4 100 000 during the first mouth 
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months before his hospital admission he had again liad no antianemic therapj For 
three months his legs had been too ^eal to permit him to iiork Numbness and tingbng 
had developed about his feet and his gait had been drunken His tongue had not felt 
sore 

On admission the tongue ivaa reddish pink in color and not coated The filiform 
papillae ivere so short as to be scarcely visible Neurologic examination shov ed evidence 
of peripheral nerve and posterior column disease The red cell count was 2,620,000, hemo 
globin, 10 5 grams, hematocrit, 32 6 per cent, and the average cell volume, 124 cubic micra 



Fig 1 — A, Photogrraph of a red smooth tongue in a patient with previously untreated 
pernicious anemia S, Photograph of same tongue seven daj s later showing regeneration of 
normal lingual papillae with administration of 100 mg pteroylglutamic acid daily 

Pterojlglutamic acid was given in a dose of 75 mg daily by mouth After six dajs 
of therapy, the tongue had become pale pink in color and faintly coated Hiliform papillae 
had grown to nearlj normal height The pteroylglutamic acid was maintained during 
the next five montlis, at first 30 mg per day and then 15 milligrams The neurologic 
symptoms of recent onset subsided and the patient returned to work The appearance of 
his tongue remamed normal The red blood count did not rise to over 3,560,000, however, and 
macrocjdosis persisted Because of the persistent macrocjdosis, liver extract was recom 
mended as permanent maintenance therapy 

The following patient was one of four xvith peinicions anemia in whom 
ptei oylglutamie acid failed to pioduce an adequate lingual response Livei 
extract was moie effective finallv m collecting the lingual and othei mani- 
festations of the disease 

E tv, B 87399 This 68 vear old white woman, admitted to Duke Hospital on Aug 28, 
1946, had enjoyed good general health with the exception of a mild convulsive disorder of six 
years’ duration Three or four jears before her hospital admission her tongue became 
mtenmttently red and sore Numbness and tingling developed m her hands and feet These 
symptoms led to the diagnosis of pellagra, although she was a hearty eater, her selection 
of food was reasonably good, and no other member of her familj had sj-mptoms of nutritional 
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deficiency Dietary treatment was attempted without notable success Six months before 
admission she became markedly forgetful At that time her tongue again became red and 
Bore dumbness and tingling m her cxtremitiw became worse Two months before admis 
siott, confusion, weakness and gro'ss unsteadiness in walking became severe enough to confine 
her to bed 

Exammatioa showed a confused poorly oriented inattentive woman barely able to 
move her legs m bed and ;iust able to sit up alone The tongue was beefy red and entirely 
smooth except along the margins where remisants of filiform papillae were just visible Neu 
roJogic cfsammation showed evidence of severe peripheral neuropathy, posterior and lateral 
column disease TJie hemoglobin vsaa 13 8 grams per 100 cc RBC, 4 020 000, 'WBC 
19,000, hematocrit, 40 S per cent and average cell volume 101 cubic micra 

Pteroylglutauuc acid was given bj mouth for four weeks in a daily dose of 100 nulli 
grams After seven da’is the color of the tongue was nearly normal and regenerating filiform 
papillae were casilj visible During the second week the patient became stronger and clearer 
mentally but then sho appeared to get worse The filiform papillae winch had remained 
stubby became shorter and tho color of the tongue becatno a deeper red The red cell count 
fell to 3 030,000 and the hematocrit to 38 0 per cent There was no change an her condition 
after five days of vitamin B therapy 30 mg of thiamin, 1 5 Gm para aminobenzoic acid, 
10 mg ribofiavm 300 mg niacin 50 mg calcium pantothenate and 5 mg pyndoxme being 
given daily It was then considered advisable to begin intensive liver extract therapy There 
was little apparent improvement during the first month except for regrow-th of lingual papillae 
and nso in blood values After two montlis of liver therapy the patient 3 strength and motor 
ability began to improve steadily Tho hematologic values and the appearance of the tongue 
became normal and remained so At tho end of twelve months of liver therapy she was able 
to do all ordinary activities at Itomo with littlo motor handicap Her mental condition im 
proved until she was about as well as before her lUness Neurologic examination continued 
to show the expected residuals of posterior and lateral colu mn disease ^ 

The follotnng tiro patients tica-ted with pteroj Iglutamic acid det eloped 
distinct lingml relapses dining the thud month of theiapy in <5pite of satis 
faetorj hematologic and neurologic responses 

V D , 0-33368 This 30 year old married postal clerk was admitted to Duke Hospital 
oa April 26 1948 Five jears provionsiy she had developed a red and slick’ tongue that 
despite Vitamin B therapy became sore from tunc to time She became chronically weak 
and nervous and worried intensely about mmor incidents She was afraid of “losing her 
mmd “ Nine weeks before admission to the hospital her tongue became particularly sore 
A few days later sho found it difficult to control the movements of her feet Her leg^ began 
to feel stiff and fight Her memory deteriorated and she became confused For several 
days before her hospital admission she was confined to bed by extreme weakness 

Examination showed a confused and apprehensive joung woman She made many mis 
takes in doing mental arithmetic The tongue wus scarlet in color had no coat and in 
the middorsum there were no visible papillae She was unable to get out of bed without as 
sistance and could not walk without suppport from both Bides Tho tendon reflexes in upper 
and lower extremities were hyperactive Tho cutaneous senses were severely blunted below 
tho knees There was but little ataxia watli the heel to ahin test The vibratory sense was 
absent below the costal margins The plantar responses were flexor There was sustained 
ankle clonus more pronounced on the left side 

The hemoglobin was 12 0 grams per 100 c c RBG 3 300 000 WBC 8750, hemato 
ent, 34 per cent and the average cell volume 101 cubic micra Examination of the bone 
marrow showed early evidence of megaloblastic cell development 

Exporimeatal therapy with ptorjlglutamic acid was started under close observation 
During the first month tho patient was given 100 mg of the acid daily by mouth and for the 
next two months 60 mg daily The red cell count rose to 4,100 000 daring the first month 
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of therapj^ tte hematocrit to 42 per cent After nine weehs the blood values and cell indices 
were entirely normal and remained so During the first three months of treatment, her 
strength and ability to nalk improved until she could do all of her housework uathout diffi 
culty Neurologic examination slioned improved motor ability, less cutaneous sensory de 
feet, and less pronounced ankle clonus She gained eleven pounds in y eight 



Fig^ 2 — .4 V D C-33368 Beefy red smooth tongue occurring as a relapse during the 
third month of pteroylglutaniic acid therapj B Repeat photograph shoylng normal lingual 
mucosa tnentj days after the injection of 0 050 mg of \itamln Bi* 

C M J 25597 Scailet red smooth tongue occurring as a relapse during the third 
month of ptero\ Iglutaniic acid therapy D, Repeat photograph tyyent>-one days later showing 
normal lingual mucosa after tlie Injection of 0 025 mg of yltamin Bi. 

The lingual response uns never entirely satisfactory During the first yeek of pteroyl 
glutamic therapj, the tongue became more normal in color and m areas of previous atrophy 
filiform papiUae reappeared The papillae remained stubbj, hoy ever, and an area at the 
tip of her tongue remained persistently red 
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Early in the third month of pteroylglutamic acid thoripy she complained of soreness 
and redness of the tongue lasting tno or three days Tivo trccks later these symptoms be 
came persistent and she felt generally worse Fxammation showed a beefy red tongue with 
out coat, completely devoid of papillae except m one small patch near the tip (ITig 2, A) 
There ^vas no evidence of neurologic relapse and the blood values remained normal The 
pteroylglutamic acid therapj was di continued and 0 050 mg of vitatain Ba was given intra 
muscularlj Tlic redness and ‘sorenc<««» of the tongue subsided wathin a week On a check 
up examination twentj days after the injection the tongue was pink in color lightly coated, 
and covered witli filiform papillae of normal height (Fig 2, B) The neurologic status showed 
no objective changes 

M J, 2j 597 This 58 year old farmers widow was admitted to Duke Hospital on 
■Vpril 14, 1948 Two years prcviouslj «»he had developed a periodically sore tongue, lost her 
desiro to cat, and had begun to lose weight Her hands and feet became numb She was con 
fined to bed for several weeks bj extrcnio weakness, but improved after injections were given 
bj her familj physician Some months later she began to have progressi\e difficulty in 
walking, with gross unsteadiness Two mouths before licr hospital admission she became 
rapidly worse and was confined to bed uuublo to stand or walk Her family physician 
gave licr oral medications and injo< tions tor pelingiu without benefit 

On examination the patient was i thin, weak, apathetic woman appearing chronically 
ill The tongue was pale and completely devoid of papillae She was able to sit up in bed 
Without assistance but was too weak to get out of bed, stand, or walk. The superficial sensa 
tions were impaired below the elbows and knees The sense of motion and position was poor 
in the lower extremities The vibratory scn«c was impaired over the lower nbs and absent 
at the pelvis and below The plantar reflexes wore extensor 

On admission to the hospital the hemoglobin was 6 8 grama per 100 c.c , RBC, 
1,750,000, WBC, 2,360, hematocrit 10 5 per cent, average cell volume, 112 cubic mlcra, 
and reticulocytes, 5 0 per cent During the first ten days m the hospital an incomplete, ap 
parently spontaneous remission in the anemia occurred Tliere was no improvement, however, 
in the appearance of the tongue \fter ten days of observation, the administration of pteroyl 
glutamic acid was begun in a dose of 50 mg per day by mouth. 4. secondary reticulocytosis 
occurred One week after the start ot pteroylglutamic acid therapy, beginning regeneration 
of lingual papillae was evident After eighteen days of therapy the papillae were of normal 
height By this time the patient had gamed strength and was able to sit up three to four 
hours a day as well as walk about the ward holding to furniture After four weeka of anti 
anemic therapy the blood values wero entirely normal After six weeks the dose of pteroyl 
glutamic acid was reduced to 30 mg daily and slio returned home 

General improvement continued On a check up examination two months after the be 
ginnmg of pteroylglutamic acid therapy however, the tongue was observed to be reddened 
at the tip T1 e papillae remained tall Fire weeks late** she complained of a sore, “scalded** 
tongue Examination showed it to be scarlet red in color and entirely smooth (Fig 2, C) 
Her dietary habits were remvestigated and it appeared that her food had been well selected 
and above average in nutritional adequacy The blood values remained normal and 
neurologic examination showed contmued improvement, ccrtamly no relapse 

At this time the pteroylglutamic acid administration was stopped and 0 025 mg of 
Vitamin Bu was mjected intramuscnlariy Tho Imgual soreness promptly subsided and after 
one week tho color of the tongue was grayish pmk and the dorsum was covered with a uni 
form crop of buddmg fiLform papillae (Fig 2, D) She believed that her strength and 
motor ability had improved 

The following patient was one of five showing the lingual manifesta 
tions of untieated pernicious anemia in whom the injection of vntarain B 13 ® 
in a dose of 0 001 mg daily to 0 010 mg in a single dose led to regeneration of 
lingual papillae in 5 7 days 
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W S, C 6035 Tins 66 jear old white man was admitted to Duke Hospital on Aug 24, 
1948 For over three years he had had periodic redness and soreness of the tongue attributed 
by physicians to lus habit of chemng “home cured” tobacco Fne weeks before admission, 
lus hands and arms became numb, weak, and clumsj so that he had to quit work and could 
scarcelj dress himself or -write 



Fig 3 — A W S C-6035 Duskj red tongue lacking papiilae m a patient with untreated 
pernicious anemia B Repeat photograph fl\e dajs after the injection of 0 010 mg of vitamin 
Bi 2 showing regeneration of papillae 

On examination the tongue was deeply furrowed, completely lacking in coat, dusky red 
in color, and completely devoid of papillae (Fig 3, A) His giip was extremely weak 
Tendon reflexes in the upper extremities were absent The superficial sensations were blunted 
about the hands and forearms and the vibratory sense was impaired below the ivrists and at 
the ankles The hemoglobin was 12 8 grams per 100 cc , EEC, 3,400,000, IVBC, 6,800, 
hematocrit, 33 per cent, and average cell volume, 103 cubic micra Examination of the 
bone marrow showed early megaloblastic development 

He was given 0 010 mg of vitamin B,. intramuscularly Five days later the tongue 
was normal in color and its dorsum was covered with medium tall filiform papillae (Fig 3, 
B) m spite of his continuing to chew tobacco 

DISCUSSION 

Periodic atiophy and i nflammation of the lingual mucosa, so iTvidlj" de- 
scribed nearly fifty yeais ago by Huntei^® as often the fiist symiptom of 
pernicious anemia, has become a ueU-iecognized clinical manifestation of the 
disease Significant abnoimahties of the lingual mucosa aie seen, wuth oi intli- 
oiit hematologic oi iieuiologic manifestations, in about one-third of piescnt-day 
patients ivith pernicious anemia in relapse ilucosal changes of similai appeai- 
ance may lesult, of course, fiom the lack of common ntamin B components in 
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flic diet," from iron deficienc-v ' in association Mith senous hepatic disease or 
abdominal neoplasms, from usr of oral penicillin, " etc 

^Vmong the benefits of a diet neh in liser in the treatment of pernicious 
anemia, '\Dnot and Afurpln" ohsened a gradual return of normal lingual 
mucosa m a matter of a feir iiceks or months "With potent h\er ertract or 
hog stomach therapi a more rapid lingual response occurs Fihform papillae 
sjirout from sanooth tongues in fi\e to sncn dass and attam a normal height in 
tivo to three neeks Relapses do not occur anth adequate maintenance therapa 
The hngual abnormalities ot pemnious anemia are not affected ba nonqieeific 
thcrapa, the administration of the common antamin B components “ etc The 
hngual response maa serae aieordingh as a leseful and reliable therapeutic test 
for pernicious anemia in patients aaho haac little or no anemia or in avhom the 
cause ot lingual or neurologic disease is in doubt 

In the therapeutic eaaluation of |>tcroaIglutamic acid in pemieions anemia 
most attention has been giaen to the hematologic and neurologic aspects A few 
ina cstigators baae noted pool lingual responses at the beginning of thcrapa 
and relapses later during maintenanee ” *’ ” The frequenev of this occur 

rcnce is uncertain It appears to be espeeialla common in the patients reported 
avho dea eloped neurologic relapse-. In our sue patients arhose hngual responses 
aiere poor or aaho later relapsed the blood leads remained below normal and 
neurologic dtsease progressed in one and the red cell count fell significantla in 
another Had the pteroalghitamn acid thcrapa been continued longer in these 
patients a higher incidence of himatologie and neurologic failures might aaell 
haae been ohscraed 

The regeneration of lingual mucosa folloaaing the injection of aatamm 
E„ after relapse has occurred during pteroaltlutamic acid therapr shoaas 
that the former substance has a nutiitional aaluc lacking in the latter The 
promptness of the response equal to that obsera cd in patients aaath untreated 
pernicious anemia suggests that the pteroa Iglutamic acid failed to correct an 
existing deficienca rather than baaing exerted a positiaela harmful effect’ ” ’ 
The effect of aatamm B, m correcting this tape of hngual relapse appears to be 
eejual to that expected from liacr extract as preliminarj reports indicate it to 
he in other respects ’ ” ^ 

"Whether or not the different manifestations of pernicious anemia — arrest 
in hemopoiesis atrophv and mflammation of the hngual mucosa, and disease 
of the peripheral and central nervous svstem — represent one or more closela 
related nutritional deficiencies has been a perennial question’ ’ ” Each of 
these manifestations is dissociated from the others and mas occur singlv or in 
combination as the disease first appears or relapses Potent liver extracts how 
eier refined or fractionated and hog stomach preparntions affect all aspects 
of pernicious anemia in parallel The impression has ansen that ptcrovl 
glutamic aeid corrects one portion of the basic deficient havmg an cntirdv 
satisfactorv hematologic effect but being entirely ineffectiie regarding the 
neurologic manifestations " > » The incomplete hematologic remissions. 
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the lingual relapses, and the occasional favoiable neiuologie lesults of pteioyl- 
glutamic theiapj^ indicate that on the contiary the compound has an iiiegulai 
effect on all manifestations of the disease lathei than failing consistently in 
any one The cause foi indiAndual vaiiability in theiapeutie i espouse lemains 
to be detei mined 

CONCLUSIONS 

1 The lingual manifestations of pernicious anemia in relapse may respond 
well 01 pooily to sjmthetic pteroylglutaimc acid 

2 Two patients taking 30 and 50 mg of ptei oylglutamic acid daily 
developed in the thud month of therapy acutely sore tongues with mucosal 
atiophy The lingual abnoimahties disappeaied vathin five to seven days 
aftei the injection of vitamin Bis 

3 The lingual mucosal atiophy of five patients with iintieated peimcions 
anemia lesponded in five to seven days to injections of vitamin Bis 

4 The theiapeutie limitations of pteroylglutamie acid in peimcions 
anemia i elate to all manifestations of the disease — anemic, neuiologic, and 
lingual — 1 athei than to mei ely the neui ologic 
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OAPILLAEY FRAGILITY STUDIES (GoTHLIN TEST) ON ONE 
HUNDRED PATIENTS RECEIVING DICUMAROL 

Richard A Jubelirfr, M D , and Helen I Glueck, M D 
Cincinnati, Ohio 

W HILE following the clinical eonise of a niimbei of patients leceiving 
Dicnmaiol tlieiapy, hemoiihage occasionally has been found to oceui 
ivithout piemonitoiy signs when the piothiombin concentiation did not leach 
excessively low levels Likewise it was fieqiiently obseived that the prothrombin 
concentiation fell fai beloii tlie sO'Called homoiihagie levels without the de- 
velopment of hemoiihage It was decided, theiefoie, to study a laige group 
of patients receiving Dicumaiol foi varying iiiteivals of time in older to as- 
eeitain if any coiieiation existed between the oceuiience of hemoiihage and 
increased capillaiy fiagihty 

METHOD 

The modified Gothlin test' - was selected because of the ease of its pei- 
foimanee, and because it has been used incieasingly in many studies dming the 
last few yearn in this coiintii Because tlie test has been subject to various 
modifications since Gothlin’s oiigmal work, the method used in the present 
studies mil be bnefly outlmed 

(1) Two areas, 6 cm in diametei, weie inaiked oft m each antecubital aiea, 
noting blemishes and maiks which might later be confused mth petechiae 
(2) A standaid blood piessure cuff was applied on each aim foi fifteen minutes 
,and maintained at 35 mm of piessuie The cuff nas then leleased and all pe- 
^tcehiae in each aiea weie noted, using a good light and a magnifying lens of 5 
diopteis (3) The second stage nas then lepeated one houi aftei the flist, using 
the same pioceduie as previously described but maintaining the pressure at 50 
mm foi fifteen minutes (4) The petechial mdex was calculated as follows 
To the numbei of petechiae in botli arms occurring at 35 mm multiplied by 2 
weie added the additional numbei of new petechiae occuiiing at 50 millimeters 
The final index lepiesented the sum of these two figures Eight oi less was con- 
sideied normal, 9 to 12 boideilme, and 12 oi ovei inci eased 

Smee lepetition of the test befoie three weeks may pioduee false positive 
leadings,' most patients weie tested about the thud week aftei the onset of then 
illness when they had leceived a fairly laige quantity of Dicumarol 


TxBtE I SoMMABx OP Data on Ninetx Four Patients Keceivinq 


SEX I 


1 diagnoses I 



M 

P 

average ■ 

AGE ! 

COROlsAR'V 

1 OCCETJSION 

THROlilBO 

PHLEBITIS 

KHEU 

MATIC 

HEART 

DISEASE 

sgrqical I 

PROCEDURE 1 

AVERAGE 
NUMBER 
i OF BAYS OK 

1 dicumarol 

average 

f TOTAL 

[ DICUMAROL 

1 DOSAGE 

72 1 

~2^! 

56 1 

, 75 

15 

3 

1 1 

20 

1,592 mg 


»See Table III 
tSee Table rv 
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Quick’s method of determining the piotlirombin time was used throughout 
the studj In this hospital the piothiombm level is always reported not onlv 
as piothiombm time in seconds but also as per cent of normal concenti ation 
In our laboiatoij 12 to 14 seconds is the usual range of 100 per cent undiluted 
plasma, 16 to 19 seconds repicsents 50 pei cent plasma, 22 to 26 seconds, 25 
per cent plasma, and 40 to 47 seconds 10 pci cent plasma concentiations 

RESULTS 

The data on ninctj foui eoiiseciitne patients I’ccemng Dicimiaiol aie sum 
manzed m Table I Of these sc\onta fi\c ucie being tieated for acute mjo 
cardial infarction, fifteen foi thiomlmphlcbitis, tliicc for rheumatic heart disease 
Tvath embolic complications, and oiu ioi a suigical pioccduie 



FJe 1 


DiCUltAPOL FOP SuOPT INTEFVALS STUDIED BY TUE GoTUUN TeST 


AVERAGE 
PPOTHPOilBIN 
CONC DAY OF TEST 

1 BLOOD PPESSDFE | 

NDAIOER OF 

1 PATIENTS Tvrrn 
! DIABETES 

NDJTBEB or 
PATIEVTS WITH 
IIEirOPRUAGIC 
MANIFESTATIONS 

NUaiBEF or 
! PATIENTS WITH 
POSITIVE oSTHUN 
INDICES f 

I 

NOPUO 
tevsut: I 

BYPEP 

TENSIVE 

27% 

G5 1 

29 

I 5 

1 7 

1 7 



CAPILLARY PRAGILITy STUDIES (GoTHLIN TEST) ON ONE 
HUNDRED PATIENTS RECEIVING DICUMAROL 

Richard A Jubelirer, MD, aito Helen I Glueck, MD 
Cincinnati, Ohio 

VI^HILE following the cluneal eoiiree of a mimbei of patients receiving 
VV Dicmnaiol theiapy, hemoirhage occasionally lias been found to occui 
without premonitory signs when the piotliionibin concentiation did not leach 
excessively low levels Likewise it uas fieqiieiitly obseived that the piothiombin 
concentiation feU fai beloiv the so-called hemorihagic levels ivithoiit the de- 
velopment of hemoiihage It was decided, theiefoie, to study a laige group 
of patients leceiving Dicmnaiol for vaijung mtenals of tune in older to as- 
ceitain if any coiielation existed between the occuirence of hemoiihage and 
increased capillaiy fi agility 

METHOD 

The modified Gothlin tesP ■ m as selected because of the ease of its per- 
foimance, and because it has been used incieasmgly in manj’^ studies duiing the 
last few yeans in this countij Because the test has been subject to various 
modifications smce Gothlm’s oiigmal ivoik, the method used in the present 
studies mil be bneflj outlined 

(1) Two aieas, 6 cm in diametei, weie inaiked off in each antecubital aiea, 
noting blemishes and marks winch might latei be confused mth petechiae 
(2) A standaid blood piessure cuff was applied on each arm for fifteen minutes 
and maintained at 35 mm of piessuie The cuff was then leleased and all pe- 
Geehiae in each aiea neie noted, using a good light and a magnifjung lens of 5 
diopters (3) The second stage was then repeated one houi aftei the first, using 
the same pioceduie as pieviously described but maintaining the piessure at 50 
mm foi fifteen minutes (I) The petechial index nas calculated as follows 
To the numbei of petechiae in both arms occui ring at 35 mm multiplied by 2 
weie added the additional numbei of new petechiae oceuriing at 50 millimeteis 
The final index lepiesented the sum of these two figuies Eight oi less was con- 
sidered noimal, 9 to 12 boiderline, and 12 oi ovei inci eased 

Since repetition of the test befoie thiee weeks may pioduce false positive 
leadings,^ most patients nere tested about the third week aftei the onset of then 
lUness when they had leceived a fairly laige quantity of Dicumaiol 


TabiiE I SuMSiARi OF Data on Nineti Four Patients Keceivinq 


SEX j 

! 

AVERAGE j 
AGE 1 

1 DIAGAOSES 

average 

NUifBEK 1 
OF DATS ON 
DICUMAROL 

AVERAGE 

TOTAL 

DlCUMAKOi 

DOSAGE 


r 

COROI^ARY 1 
OCCLUSION 1 

THROilBO 

PHLEBITIS 

RHEU 

srATic 

HEAPT 

disease 

SURGICAL 

PROCEDURE 

72 

22 

56 

75 1 

15 

3 

1 

20 

1,592 mg 


•See Table III 
tSee Table TV 
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Table III Patients Receivinq Dicdaluiol Showing Hemorrhagic Manifestations 
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of hemorihage Dicumaiol, and finally some of the pathologic findings which 
haAe been obsen'ed Avith laige doses of Dicumaiol 

Little data exist compaimg the vaiious methods of detection of increased 
eapillaiy fragiliD’' Bell, Munio, Lazaius, and Searboiough® compaied the 
positive piessure Gothliii test method y ith a negatne piessuie method in a gioup 
of 142 1101 mal students They found that each test was consistent in itself, but 
that no eon elation existed when positive pressiiie methods weie compared ivith 
negative piessure methods They could not conclude which test yas the most 
satisfactoiT foi detecting inci eased capillaiy’ fragility In a latei papei,® 
Avliile studiung the effects of intamm P and 0, thei- gave a veri'' complete and 
caieful analysis of all the methods of stiupung inci eased capillaii^ fiagibty 
They obseived that even in patients yath fiank scurvy, the eapillaii’^ fi agility 
test y^as negative in about one-third of their cases yith the Gothlin test, and an 
eien smallei pcicentage of positnm reactions was found ivitli the negatn'e suction 
method Gieene’“ lepoited that 9 2 per cent of ivell-nouiislied children le- 
eeiinng supplemental y vitamin C in then diets still shoyed a positive Gotlilm 
test, ydieieas onlv 12 5 pei cent of malnouiished childien ivith a Imv vitamin C 
mtake gave a positive test He concluded that the test was not specific foi the 
diagnosis of scuiva^ Beaser and co-woikeis^‘ noted that Avith negatiA^e piessuie 
methods contiguous aieas in the same arm slioAved maiked fluctuation in the 
numbei of petecliiae fiom site to site Moi cover, many patients had feiver 
petecliiae at highei negatiA^e in assures than at loivei piessnies They therefoie 
selected the Wiight-Lilienfeld^ positive piessuie method foi studAung these 
cases Both diabetic and hjTiei tensive patients shoy^ed an increased tendencj 
to eapillaiy fiagilit}’’, the highest incidence (100 pei cent) occuiring when both 
diseases Aveie piesent A consideiable poition of the contiol group gaie a posi- 
tive index Increasing age seemed to play some lole in the results Griffith 
and Lmdauei^- noted an inci eased incidence of apoplexA' and letmal hemorihage 
in 265 hjTieitensiA’^e patients studied yith the Gothlm test In a larger senes 
of 1,200 hypei tensive subjects subscqueiith reported,’^ it y^as found that 20 
pei cent shoy^ed inci eased capillaiA’ fiagilitA"^ Tins tendencA seemed to be modi- 
fied bj the use of lutin 

Scliyeppe and co-yoikeis” liaise compaied thiee methods of raeasuiing 
iiici eased eapillaiy fiagility The suction oi negatne pressuie test, the Gothlm 
test, and a cuff test yuth the manometer raised lapidly to 300 mm of mercury 
Of forty-four hA'^pertensiA’^e patients examined, 16 per cent shoAved a tendency 
to mcreased capillarj^ fi agility yhen measuied hi’' the Gothbn test and the nega- 
tive piessuie test, yhile at the same time 25 pei cent slioAied a positive cuff test 
Thirteen pei cent of thiocAanate-tieated patients shoAved maiked increased 
fragihty Hoyeiei, as the eaidiac status of the patients impioA'^ed, the test often 
became negative CA'en though the diug yas continued Tiventy per cent of the 
contiol group shoAved some abnormality They emphasized that no general 
conclusions regarding the entiie capillaiA bed could be deducted from the re- 
action of the cutaneous capiUaiies Patients yith adi'aneed nephntis, Amscular 
bleedmg, retinitis, and ecchymoses Avere often encountered yuthout the develop- 
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mcnt of a positne Gothlin test In contnst to tlie fiadings of Schwcppe 
Shonno' and Gntifitli'* liaie cniplnsizcd tint tliioci mate therapi mat predispose 
to the del elopment of pettchiae 

Wolffe and Danish'' repoittd tiio cases of siibeonjunetii al hemoirhage in 
nliicli the Gothlin test iias noiinal Tailoi and Page” ivliile studnng the 
clinical elTects of rutin, using the Rumpel Lccde test noted marked variations 
from month to month in their control ^roup of hypertensive patients The test 
occasionallj was positive in patients uithout eardioiasculai disease Older, 
acutelj ill patients seemed much inoic susceptible to increased capiUarj fiagiliti 
■\\Tiereas a significant degree of ai teriosclei osis gaie a high incidence of positne 
tests, as the general status of tlie patient impioied, particularly mtli improie 
mcnt of coiigestne failure the test often hccame ncgatne The phase of the 
menstrual ej cle also may alter thi test '• 

Rodiger and Root'” noted a iiiaikcd increase in positive Gothlin indices 
in patients iiith diabetic retinitis This abnormalitj seemed more lelated to 
the duration of the diabetes than to the chronological age of the patient The 
longer the diahctes had persisted the more likelj wts the capiUarj fragditi 
increased AVagener has made siniilai ohsenations rinalla. Peck and Cop 
lej”‘ bale discussed in detail plnsiologic factors -nhich niai uiflnence capillary 
fragilitj and haio le emphasized that most cutaneous tests mat not satisfaetorih 
evplain the tiaio status of the capillan bed in more remote portions of the body 

The pathologic changes produced bj Dicumarol toxieitj are still not com 
pletelj understood Bingham Meier and Polilc” noted marked capillan 
dilatation in dogs receiving fat d doses of the drug This capdlarj dilatation 
was indespiead, involving not onlv eapillaiies but venules and artenoles Fie 
quenti} gloss hemorihage was noted in the gastrointestinal tract and pleural 
spaces Interestinglv enough the vasculai walls appeared intact hemorrhage 
occurring by diapedesis of red ccUs 

Similar findings of marked engoigcment of the capillaries, venules and 
arterioles were found by Shevlin and Ledcrer-’ in a patient djing from un 
controlled hemorrhage after the administiation of Dicumarol AVhereas hemor 
rhage was cstiemelj widcspiead no disassoeiation of the contmmtj of the 
vessel walls could be observed Thej felt that the piobable extiavasation of 
blood was due to diapedesis of the red blood cells, rather than to rupture of the 
walls of the vessels 

In considering the patients who vvcie on Dicumarol for long periods of 
time, it IS particularly interesting to note Link's observation ' that rabbits fed 
spoiled sweet clover repeatedly foi seven vcais, resultmg in a marked reduction 
of their prothrombin concentration for at least half of their Me span, died of 
old age without appaient effect of the drug 

Although Barker and associates have emphasized that hemorrhage is less 
likely to develop in patients receiving Diciunarol, if the prothrombin concentra 
tion IS not lower than 10 per cent of normal, the Iitenture contains many well 
documented cases of hemorrhage occurring when the piothiombin concentra 
tion was above the so called crucial level” ‘ Bmzelins”” observed that in 28 
per cent of patients with gross hemorrhage, there was no lelationship between 
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the oceuirence of hemoirhage and excessively low prothiomlnn concentration 
It has likeivise been obseived hy many that the prothiombin concentration of 
the blood often falls to levels of less than 5 per cent of noimal without the de- 
velopment of hemoiihage ® Overman and co workeis^’^ ealled attention to 
this in some of then eailiei publications stating, “The fact that hemorihage does 
not always accompany diastic i eductions in piothiombin concentration fiom a 
smgle large dose of Dicumaiol, suggests that the onset of bleeding must repie- 
sent moie than a simple suppression of the nonnal prothrombin levels ” Thoren- 
son-® obseived hemorihage in a patient given laige doses of Dicumarol three and 
one-half months aftei the last dose of the drug Theie was no con elation between 
the occurrence of hemoiihage and the level of prothiombin concentiation Boll- 
man and Preston^“ noted that some othei factoi than the depression of pio- 
thrombin seemed necessary foi the pioduetion of hemoirhage 

To detect and anticipate hemoiihage in patients receiving Dicumarol, care- 
ful observation of the patient and meticulous laboiatorj'^ determinations must 
be earned out Although, as previously emphasized, hemorrhage may occiii at 
anj^ level of protluombm concentration, it is not a serious complication in careful 
hands Thus, Alien®® lepoited majoi hemoirhage in only 1 9 pei cent of 1,686 
patients leceivmg Dicumarol postopeiatively Baikei®® emphasized that definite 
bleeding is lare if the prothiombin concentiation does not fall below 10 pei cent 
of normal, and then it oecuis m only 4 per cent of cases 

SUMMARY AND CONCLUSIONS 

1 One hundred patients receiving Dicumarol were studied to determine 
if any eoi relation existed between the oecuiience of hemoiihage and increased 
capiUary fi agility as measured by the Gothlin test 

2 Six of these patients had leeeived Dicumarol continuously, the shortest 
period was three months and the longest, nineteen months None of these pa- 
tients demonstrated a positive Gothlin test 

3 Hemoiihage was observed seven times in 100 cases of patients leceiving 
Dicumaiol In none of these was the Gothlin index positive 

4 Seven patients demonstrated a positive Gothlin test who gave no clinical 
evidence of hemorrhage 

5 The interpretation of the vanous tests for the detection of in ci eased 
capiUary fragibty is biiefly discussed 

6 The pathologic findings of hemorihage occurring with Dicumaiol aie 
reviewed 

7 This study suggests that the status of the cutaneous capillaries as de- 
tected bj the Gothlin test does not reflect alterations which may occur in other 
portions of the capillary bed 

8 Caieful clmical observation and meticulous laboratory control are neces- 
sary to detect and prevent hemoirhage in patients receiving Dicumarol 
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THE USE OP RUSSELL VIPER VENOM AND LECITHIN AS 
THRO]\IBOPLASTIN IN THE ESTIJMATION OP PROTHROjRBIN 

C A Mawson, M Sc , Ph D 
Reading, England 

W ITH the inci easing use of dicoumaiin in anticoagulant theiapi^ methods 
foi the estimation of prothionibin have become the subject of widespiead 
eontroveisy Most published methods are based upon the one-stage procedure 
of Qruek^ in which dried rabbit biam is used as thiomboplastin, but many 
workers have found the preparation of this reagent troublesome and have had 
difficulty in leproducing the refeienee euive wheiebj^ Quick calculates the 
piothiombin concentration from the clotting time For this reason labbit biain 
extract has often been replaced bj'^ Russell \npei venom (PuUerton®) vhicli is 
packed in a convenient form (Stypven, Burroughs Wellcome) and remains 
stable foi long periods as a dry powdei Addition of lecithm (Hobson and 
Witts^) to venom gives a preparation much more active than Quick’s hi am ex- 
tract and which appears to have all the properties of a complete thromboplastin 
However, when venom leagents are used foi estimating prothrombm in plasma 
fiom patients receiving dicoumaiin, the results obtained are usually much 
lughei than those foxmd by Qiuck’s method (eg, Wilson'*) and these dis- 
crepancies have led Macfarlane® to condemn the use of venom as hlcely to give 
a false sense of security at a time when an estimation using brain thrombo- 
plastm would leveal a disastrously low concentration of prothrombin 

It IS generally adimtted that the most satisfactory method for prothrombm 
estmiation is a two-stage pioeeduie such as that fii-st introduced by Warner, 
Brmldious, and Smith® and it is very stiaiige that among the many one-stage 
methods described in the hteiature the results obtained have seldom been 
directly compai ed with those of a two stage method Tins is probably due to the 
fact that the method of Warner, Biiiildioiis, and Smith calls for purified 
reagents of standard actmty which are difficult to prepare and somewhat un- 
stable These objections were largely overcome by Heibert,^ a modification 
of whose method has been used m the present investigation, and it has been 
possible by the use of this method to compare estimations of prothrombm m 
dicoumarm plasma bv the two-stage procedure with results given by several 
different one-stage methods 

METHODS 

Blood Sampling— DecalciUcation was earned out by mismg S to 12 ml blood with 01 
ml 10 per cent potassium o\alate, after which the blood was briefly centrifuged so that 
some platelets remained in suspension The presence of platelets assists in detection of 
tlie clot in the venom lecithin method 
(1) renom Lecithin Method — 

Lecithin A 10 per cent solution of crude Ovolecithm BP in alcohol was hept in the 
refrigerator 

From the Pathological Lahoiatorv Ro'val Berkshire Hospital 
Beceiied for publication Nov IS 1948 
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Venom A solution of 01 mg Stypvcn in 21 mL \>ater ■wns stable for about a week 
at -12 C 

N 

Venom Lccithxn Teaqent Venom solution (0 5 ml ) was mixed unth-^j^NaOH (1 5 ml ) 

and lecithin (01 ml), phecd in ice water and used within one hour (Tlic concentration 
of the NaOH was such as to give a final pH of 7 0 to 7 4 ) 

CaJcixm ChloruU A solution containing 9 8 Gm CaCl OHO was made up to 100 
milliliters Dilution of 0 3 ml of this stock <»olution to 10 ml gave the 0 15 per cent CaCl, 
used for the estimation It i\as kept in n water bath at 38 C This concentration is lower 
than tint advised by Quick, who used more oxalate for decalcification of the blood 

ApparaUis Many of the difficulties encountered in the use of venom and lecithin 
have been due to uncertainty in detection of the formation of the clot coupled with the fact 
that tho clotting times are so ‘»hort (normal, C to 8 seconds) that small timing errors are of 
decisive importance A brightlj illuminated water bath is essential, in which the tube must 
bo kept immersed from tho moment of addition of tho CaClj Tho bath used in this work 
consisted of ft small accumulator jar (17 by 9 by 9 cm ) standing on a black and white 
titration tile and filled with water at 37 to 39 C to within 0 5 cm of the top The bath 
was simultaneously kept warm and illuminated bj an adjustable lamp placed about 5 cm 
from tho loft side of the jar, level with the surface of the water and with the beam directed 
downward at an angle of 45 degros Glare from the lamp was prevented by a small vizor 
fixed to the edge of tho shade 

Procedure Plasma (0 1 ml ) and venom lecithin (0 1 ml ) were mixed in a thin walled 
test tube (75 by 8 mm ) The tube was shaken gently in the water bath for about fifteen 
seconds 0 1 ml 0 15 per cent CaCl measured m a wide bore straight blood counting pipette 
was blown sharplv into the tube and timing started immediately Tho tube was held over 
tho junction between the black and white portions of the tilo at an angle of 10 to 20 degrees 
to tho horizontal The base of tho tube rested on tho surface of tho water and the upper 
end was m contact with tho wall of tho jar just below the pomt at which it was hold The 
tube was rolled to and fro between the finger and thumb about its longitudinal axis, caro 
bemg taken to maintain it at a constant angle so that the contents of the tube were not shaken 
The tube was watched carefully from above until clotting occurred The end point was the 
sudden appearance of a scalloped edge which was followed by a solid clot The scalloped 
edge was a very precise phenomenon which could be timed with great accuracy, and was best 
seen in plasma containing platelets 

Tlio method of timing is of crucial importance Mechanical aids such as stop watches 
have tho defect that considerable reaction time delays are involved in their use Tho writer 
has found that the best method is to count tho seconds, whicJi elimmates errors of this nature 
With a little practice it is possible to count seconds by means of a mnemonic sucli as “Photo 
graph one photograph two etc with an accuracy of ± 1 second per minute 

'Reference Curve The followmg dilutions of plasma were made with 0 85 per cent 
NaCl — 75 50, 2o 12 5 and 6 2o per cent The clotting times were obsened as described 
with tho exception that the 32 5 and 0 25 per cent dilutions Boraotimes did not sJiow a scalloped 
edge but only the sudden appearance of floccules of fibrin The “prothrombin index ' was 
calculated in each case i e , 

Clotting time of undiluted normal plasma ^ 

Clotting time of diluted pla^a 

Tho mean indices from ten normal specimens of plasma aro shoivn plotted against the 
plasma percentage in Fig 1 The use of the prothrombin index rather than tite clotting 
time made it easier to read results from the curve and also avoided difficulties duo to vana 
tions in tho clotting time of normal plasma with different batches of venom Although any 
given batch gave very consistent results, it was advisable to check the clotting time 



460 


M-VWSON 



Fig 1 — Variation of prothrombin inde-c irltli saline dilution of normal plasma— mean of 
ten experiments 

„ , , Clotting time of normal plasma 

Prothrombin index = OStfhJFTISii-ISrdTuit^^ 


X 100 


at least one specimen of normal plasma each time a prothrombin estimation tvns clone The 
reference cnrvea given by different batches of venom nere practically identical nlien the pro 
thrombin index n as plotted agamst the dilution 

Eeasons for preferring saline to piotlirombm free plasma for dilution nill be discussed 

later 

(S) Siam Method — 

Srain Ihi omhoplastm Babbit brain nas dried bj the method of Quick, s flnelj ground, 
and kept in scren capped vials tilled nitli CO 2 at -12“ C, under ivhich conditions it is stable 
for many months (OuTen®) Fiftj milligrams dried bram weie shaken nith 125 ml 0 85 
per cent NaCl and heated at 50° C for twenty minutes The suspension was kept at 38° and 
measured with a wide bore 0 1 ml pipette Using the technique described under (1) normal 
plasma gives prothrombin times of 12 to 13 seconds as stated bj Quick , 1 though the reference 
curve prepared by dilution with 0 85 per cent NaCl (Pig 1) differs somewhat from that cal 
ciliated from Quick ’s published d ita 
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(S) Lung Method — 

An extract of o\ lung was mado bj the method of Smith, Warner, and Brinkhousio 
It was heated at 50 C for twenty minutes and kept under CO, at -12 C It was as stable 
as tho dried brain, giving clotting times uith normal plasma of 17 to 19 seconds when used 
m place of venom lecithin Tho rcfcrcnco curve for this material shown in Fjg 1 was pre 
pared as before by dilution of normal plasma with 0 85 per cent NnCl 

(4) Tito Stage Method — 

Stock CaCli 9 8 Gni CaCl, till O made to 100 milliliters 

Saline CaCl, 1 ml stock CaCl made to 100 ml with 0 85 per cent NaCl 

CaCl, ThromhoplasUn 1 25 ml brain thromboplastin prepared as in (2) was diluted 
to 20 ml with saline CaCl, The •junpiuded particles of brain were not remo\ed as their 
presence was important in detection of the «lot Tho mixed reagent was stable for at least 
a week at ~12 C 

Barbitone Buffer A solution of Oni «!odium barbitone m 100 ml water was diluted 
with 350 ml 0 85 per cent NaCl and H ml N/1 HGl were added The pH was adjusted to 
7 3 and tho solution diluted to 500 ml with 0 8 > per cent NaCl 

Fihnnogen 30 ml unJicraohz 1 \di*oI plasma were mixed with 6 ml 30 per cent 
suspension of BaSO„ warmed to 3s (. oud meubated for five minutes The mixture was 
shaken and incubated again for five ininult* Vfter centrifugation the supernatant was cooled 
in ice and 12 volumes of ice cold «!itui rel NaCl were added slowly, with constant mixing 
After standing in ice for thirtj iiiiuuf'’s +lie fibrinogen was centrifuged down, drained, and 
dissolved in 10 ml 01 per cent pot i lum oxalate Tho solution was dialysed overnight at 

4 G against 300 ml 0 85 per c nt \ * utuining 3 ml 5 per cent potassium oxalate and 

then frozen at -12 C, under whuli i.on btions it was stable for about ten days Before use, 
the solution was thawed slowly and rtrfu^cd while a bttlo ice remained in order to re 
move profibrxn (Owrono) 

Trocedure Two dilutions of fla ma (1 125 and 1 25) were made with 085 per cent 

NaCl, and 0 5 ml of each was plar d in a test tube To each tube was added 0 5 ml 

barbitone buffer and 1 0 ml Cu( I ihnmboplastin a stop watch being started at the 
moment of addition of tho thronibopIa<»tiD After about forty five seconds 0 2 ml of the 
first (1 50) conversion mixture nos tinnsterrcd to a thin walled clotting tube of the type 
used in the one stage method® I « (oh J fibrinogen solution (0 1 ml) was blown sharply 
into the clotting tube, which was held m tho illummated water bath, and a note was made 
of the conversion time used Tho counling of seconds was started at tho moment of in 
troduction of the fibrinogen an I the tube was rotated and observed as in tho one stage 
methods Tho clotting time was recorded and the procedure immediately repeated with a 
second sample from the same conversion mixture Successive samples were taken in this way 
until a clot formed in the conversion mixture which was the signal to proceed to tho sec 
ond conversion tube With normal plasma tlic minunum clotting tune was 10 to 12 seconds 
with the 1 50 dilution and 14 to 18 seconds with 1 100 dilution, while the corresponding 
conversion times were about 1 and 2 minutes Witli plasma having a low prothrombin con 
tent tho comersion times as well as tho clotting times were considerably prolonged, but it 
was most unusual to encounter a conversion time for the 1 100 dilution longer than 15 mm 
utes, with a clotting time of about 2 minutes Hence a complete estimation could usuaUy 
be completed ivitlim tiventy minutes 

Calculation Tho prothrombin content of the test sample, expressed as a percentage 
of normal, was gixcn by 

Clotting time with normal plasmt^ ^ ^ 

% Prothrombin = Clotting time with test plasma ^ 

If the results of the 1 50 and 1 100 dilutions did not ogree within 10 per cent, the expen 
ment ^^as ropcated u'.ing intermediate conversion times It was advisable to determine the 
clottmg times with dilations o£ normal plasma each timo an estimation was done so that 
deterioration of reagents might bo detected 
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Bemarls The modified ti\o stage method just described differs m some respects from 
that of Herbert r Barbitone buffer is used instead of glyo\a]ine and this is probably why 
mavunum conversion occurs before instead of after clot formation Biebenpi uho also uses 
barbitone in a sonieuhat similar modification^ has noticed the same difference 

Herbert’s method for detection of the fibrin clot is technicaUy difficult, but when 
thromboplastin containing particulate matter is used in an illuminated water bath clotting is 
easily detected The fibrinogen in the conversion mixture seems gradually to accumulate on 
the particles of brain uhich move freely in the liquid as the tube is rotated Suddenly the 
particles are held m a ueb of fibrm and the surface ceases to remain horizontal as the tube 
IS turned, and this is the end pomt 

Herbert used dilutions of 1 100, 1 200, 1 400, and 1 800 m the conversion mixtures 
A 1 50 dilution has been added here because plasma low m prothrombin gives inconveniently 
long conversion and clotting times at dilutions greater tlian 1 100 Besults calculated from 
the mean of 1 50 and 1 100 dilutions wcie not signific iiitlj different from those obtained by 
the addition of 1 200, 1 400, and 1 800 dilutions 

RESULTS 

Gompaitson Between V enoni-Lecithtn and Tissue Thi omboplashns — WJien 
comparisons tveie made between lesnlts of estimation of piotlnombin by the 
venoni-lecithin, biam, and lung tliiomboplastins it soon became endent that 
gross discrepancies weie the lule lathei than the exception Systematic 
studies of patients leceiving dieoumaiin (Fig 2 and Table I) gave such alaim- 
ing results that it was decided to follow all such cases in future by means of 
the two-stage piocedme as well as by all thiee one-stage methods 

Table I Pkothrombin Found in Dicoumarin Plasma bt One Stage and Two Stage 

Methods 

(Serial Estimations Were Jfade and the Figures Given Are Those Obtained on the Daj When 
the Eesult by the Brain One Stage Method Was at Its Minimum ) 



1 METHOD 



ONE STAGE 


1 TWO STAGE 


1 THROMBOPLASTIN 


1 VENOM I ECITHIN 1 

RABBIT BRAIN ] 

OX LONG 

1 RABBIT BRAIN 

PATIENT 

1 PER CENT PROTHROMBIN 

Le 

29 

4 

- 

- 

Ow 

45 

16 

- 

- 

Jo 

53 

12 

10 

- 

Sp 

48 

30 

- 

52 

Or 

35 

14 

- 

48 

Fu 

35 

24 

_ 

57 

Ta 

44 

25 

- 

35 

Ev 

33 

9 

5 

11 

Br 

65 

14 

9 

60 

An 

55 

27 

14 

59 

Wa 

21 

5 

5 

13 

Ha 

42 

16 

7 

52 

Me 

28 

21 

8 

27 


Comparison Between One-Stage and Two-Stage Methods — Owen and Boll- 
man^" have recently reported that when dicoimiarm is given to dogs the fall in 
prothrombm as measiiied by the two-stage method is irneh less rapid and pro- 
found than would appear from results obtained by Quick’s one-stage technique 
Six^ patients receiving dicoumann have been studied throughout the course of 

♦Now tw entj -three patients — at time of proofreading February 1949 
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^ rig 2 —Prothrombin in plaama of patient treated with dicoumarin 
stage method using 

1 \ cnom lecithin 

2 Brain 

. 3 Lung 

as thromboplastin. 


Results b> one 


treatment, and it Ins been found m each instance tliat the results were similai 
to those observed b^ Om en nnd BoUmin in the dog One of these cases is illus 
trated in Fig 3 from vhich the results obtained uith lung thromboplastin 
ha\e been omitted foi the sake of cIoiit\ The one stage lesults obtained bj the 
brain method Mere neaih al\va\s loucr than those found "wnth the two stage 
technique, and all tlie cur\es shoued that thcie was reasonablj good agreement 
between the tuo stage method and the one stage venom lecithin method When 
ox limg Mas used as thromboplastin in the one stage mctliod the results were 
usuallj much lover than those found vith labbit biain This is illustrated in 
Table I m vhich me included lesults fiom the nho^e mentioned six patients, 
together mth others from patients ^^hoso prothrombin was not estimated by 
all four methods throughout the course of dicoumaiin therapy 

Effect of Mixing Plasmas — ^Wlien normal plasma was mixed with dicou 
niann plasma the discrepancy between the piothiombin concentration as 
estimated by the \enom lecithin and brain thiomboplastms was considerably 
I educed When venom lecithin was used a mixture of normal and dicoumann 
plasma ga^e a clotting time which diffeied little from the “expected” clot 
tmg time calculated fiom the percentage piothiombin found in the dicou 
mann plasma by the aenom lecithin method (Table II ) Howeaer, aaith brain 
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Trea.tTnefTi't 

Fig 3 — Prothrombin In plasma of patient treated v ith dicoumarin 
One-stage method full line = venom-lecithin broken line -nith crosses = brain 
Two-stage method dotted line with circles 

thiomboplastin, tlus table shows that m. nearly eveiy case the clotting time of 
the mixture was less than the “expected” clotting time calculated from the 
percentage prothrombin found ui the dicouraaiin plasma by the brain method 
Similar results have been reported by Owen and BoUman/^ using mixtures of 
normal and dicoumarin dog plasma, when piothrombin was estimated by the 
hi am one-stage method If the calculation of the expected clotting time is 
valid, the addition of normal plasma caused a shortening of the clottmg time 
greater than could be accounted for by the added piothiombm as estimated 
by the bram method, ivhereas no such potentiating effect was observed when 
venom-lecithin was used 

Influence of Factor 5 — Owen and Bollman^= have suggested that the dis- 
crepancy between the results of the one-stage and two-stage methods is due 
to the slow conversion of prothrombin to thrombin in dicoumarin plasma, and 
believe that this is due to a deficiency of Factoi 5 (Owren=>) which is identical 
ivith Qmck ’s“ labile factor Factoi 5 is rapidly reduced when plasma is stoi ed 
(Quick“) and its oxidation is levealed by an increase in the “prothrombm 
time” which occurs in spite of the fact that the prothiombin content of stored 
plasma lemains constant for about thiee weeks (Ware, Guest, and Seegers ) 
If the disci epancy between the venom-lecithm and brain one-stage methods 
was due to a deficiency of Factoi 5 in dicoumarin plasma, a similar disci epancy 
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Table H Effect of Mixing Nofilal and Dicoumarin Plasma, Clotting Time (Seo ) of 
Mixtures of Normal and Dicoumarin Plasma 


VENOM LECITHIN 

1 BRAIN 



NOPMAL + DICOOMAFIN, 



1 NOPMAL + DICOUMARIN 



(1 1) 




(1 1) 


DICOU 

1 


DICOU 


1 

NOPMAL 

MAPIN 

OBSERVTD I EXPECTED 

NORMAL 

MARIN 

1 OBSERVED 1 EXPECTED 

8 

iiy 

9 9W. 

15 

138 

18 

20 

S'/. 

13% 

10 10 

15 

50 

19 

19 

8 

14 

IIV 10 

15% 

84 

18% 

19V. 

8 

14% 

10 10 

17 

180 

19% 

22% 

9 

23 

12 11% 

14 

57% 

15% 

16% 

8 

10% 

lOiA 9 

13% 

40W. 

14V 

16 


7V’ 

7% 7% 

13 

17 

13% 

14 



1 NOPM VL + DICOUMARIN 

1 


N0RM\L + DICOUMARIN 



(1 3) 




{1 3) 


DICOU 

1 


DICOU 


1 

NOPMAL 

MARIN 

observ-ed expected 

NOPMAL 

1 MARIN 

1 OBSERVED 1 EXPECTED 

7 

14 

10% 10 

12% 

72 

17% 

21% 

7y. 

15% 

10 11 

13% 

63% 

16 

23 

8 

12% 

10 10% 

14 

30% 

17 

21 

8 

12% 

9% 10^ 

14 

30 

16% 

19 

8 

m 

9% 9 

14 

ID 

16 

16% 


10 

9 9% 

13% 

20 

15% 

16% 

8 

10 

9% 9 

13% 

19% 

15 

16% 

7 

11 

9% 9% 

13 

28 

15 

20 

7 

11 

9% 9% 

13 

67 

15 

23 

7 

n'% 

9 9% 

12% 

36 

15 

18 

7 

13 

10% 10 

12% 

33 

15 

ID 


, ExampU of calculation of expected ctottinn time In on experiment uelnp venom 
lecithin 

CIoUiDir time of normal plasma 7H seconds 
Clotting time of dicoumarin plasma 15H seconds 
Prothromtin Index of dicoumarin plasma = X 100 = 48 
Percentage prothrombin In dicoumarin plasma (from Fig 1) = 5 per cent 
Mixture of 1 part normal + 3 parts dicoumarin plasma should ghe 4 ' '^^ ' “ 
per cent prothrombin 

From FJg 1 a plasma containing 44 per cent prothrombin should have an Index of G8 

7 5 

The clotting time of a plasma having an Index of 68 would be X 100 = 11 seconds 
Hence the expected clotting time of the mixture is 11 seconds 

should exist when stored plasma is tested by the same methods Houeter, 
the “prothrombin percentage’* found by the venom lecithin one stage method 
with stored human plasma is nearly always lower, not higher, than the result 
obtained with rabbit brain A few experiments m which dicoumaiin plasma 
has been mixed with prothrombin fiee normal plasma containing Factor 5 
(human plasma treated with BaS 04 and ox plasma passed through a Seitz 
filtei) have guen no evidence that dicoumarm plasma is deficient in this 
factor Dicoumarin plasma will itself reduce the clotting time of stored hu 
man plasma in spite of its low prothrombin content, but lesults from such 
mixtures are difficult to interpret smee each of these plasmas contains factors 
deficient in the other 

Influence of Venom Lecithin on Thrombin — ^The possibilitj existed that the 
short clotting times obtained with venom lecithin v\ ere due to acceleration 
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of the activity of thiombin This was investigated hy ohsetving the effect of 
adding venoin-lecithin, hi am, oi saline to calcium chloride and thromhin and 
then adding fibrinogen The fibiinogen was piepaied hy adsorption of human 
plasma with Ca 3 (P 04 ) 2 , pieeipitation ivith ether (Kekivick and co-workers’® ), 
reprecipitation vath 1 2 volumes of satuiated NaCl, and lemoval of profibrm 
by fieezmg It contained 69 pei cent of elottable piotein It was found 
(Table III) that venom-lecithm, biain, and also venom-lecithm plus brain 
all had a slightlv iiihibitoiy action on the activity of thrombin 


Table III Intlueace of Thkomboplastins on Thpombin Activits 
(Each Tube Containecl 0 1 Ml 0 15 Per Cent CaCl and Timing Was Started After Addition 
of 0 1 Ml Fibrinogen to the Mivture ) 

ML solutions added 

I THKOM I 


1 THROMBOPLASTIN 



CLOTTING TIME 


Venom lecithm 

01 

0 0 

01 

No clot 30 mm 


Brim 

01 

00 

0 1 

No clot 30 min 

Experiment 1 

None 


01 

01 

34 sec 


Venom lecithin 

01 

01 

0 0 

47 sec 


Brain 

01 

0 1 

00 

42 sec 


Venom lecithin 

01 

00 

02 

No clot 30 min 


Brain 

01 

00 

02 

No clot 30 min 


None 


01 

0 2 

18 sec 

Experiment 2 

Venom lecithin 

01 

01 

01 

21% sec 


Brain 

01 

01 

0 1 

23% sec 


Venom lecithin 

01 

01 

00 

22% sec 


plus brain 0 1 


Experiment 1 — Thrombin 0 2 mg per milliliter fibrinogen 0 15 per cent 
Experiment 2 — Thrombin 0 4 mg pei milliliter fibrinogen 0 30 per cent 
The thrombin used vas Parke Da^is Thrombin Topical 


Pi otlii ombin Convei sion Time With Diffeicnt Tin omhoplashns — It has 
been pointed out by 'Wainei, Biinkhous, and Smith® that the prothrombin coii- 
veision time of plasma vanes with the pi othi ombin content, and this is illus- 
tiated by the data shown in Pig 4, all of ivhich aie taken fiom the recoids 
of one patient who was tieated with dicoiimarin for a month These results 
weie obtained using the modified Heibeit technique ivith biaiii thiomboplas- 
tin, and it seemed possible that the discrepancy found in the one-stage experi- 
ments between venom-lecithm and brain might be due to the foimer thiombo 
plastin giving veiy much moie lapid convei sion of pi othi ombin to thiombin 
than the lattei Expeiiments weie therefore done m which thromboplastins 
othei than biain weie used m the two-stage method Table IV shows that 
vnth noimal plasma, brain gave the shoitest conversion times and lung the 
longest, mth venom-lecithm occtipjnng an intermediate position It is also 
evident that at the lowei dilutions the three thromboplastins produced the 
same amount of thiombin, so the influence of antithi ombin may be discounted 
The lengthened clotting times obtained with venom-lecithm at the highei 
dilutions weie piobably due to the eompaiatne instability of this leagent 
If the antithi ombin effect had been of any importance it should have been 
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o-mbnfi 

pjg 4 — Variation of prothrombin con\erslon time v.lth prothrombin concentration In 
a hatlent treat^ with dlcoumarln 

Conversion mixtures dots = 10 crosses = 1 100 

seen m the 1 50 dilution, but here a % minute conicrsion with brain gave 
the same thrombin clotting time as lesultcd from a iy, minute conversion 
Wth lung 

The experiments reported in Table TV were all done vith 1 16 dilutions 
of the three standard one stage thromboplastins and the possibility remained 
that different results might be obtained at higher concentiations of throrabo 
plastins especialh if normal and dicouraann plasma were compaied This 
was proved not to be the ease bj compaimg conversion times using dilutions 
between 1 5 and 1 20 (Table V) With both normal and dieoumaim plasma 
the eoniersion time vith venom leeithm was greater than it was wnth brain 
at all concentrations of thromhoplnstin tested 
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Table V Eesdlts of T\\oSt\oe Estimation op Pbotiirombin in DicouMAriN Plasma 
U siNO Vafious Dilutions of "V enom Lecithin \nd Bpain as Tiii omboplistin 
■\^I^^ A I INAL Plasma Dhution of 1 160 



DILUTION 

1 NORMAL PLASMA 

1 DICOUMARIN PIaASMA | 



OP 1 

COmEPSION 

CLOTTING 

CON \Er SION 1 

CLOTTING 

PER CENT 


TIinOMBO 1 

TIME 

TIME 

TIME 

TIME 

PPiOTHROM 


PLASTIN 1 

(MIN ) 

(sec ) 

(XUN ) 

(sec ) 

BIN 

1 5 

29c* 

25 

6% 

67 

37 

1 75 

2% 

23V» 

9 

58V. 

40 

Brain 

1 10 

2«j 

25 

9 

56 

45 

1 15 

3% 

20 

9 

52 

50 

1 20 

4y, 

26y„ 

11 

65 

48 

1 5 

3 

22 

9 

51 

43 

1 75 

3V 

22 

nil 

52 

42 

venom lecithin 

1 10 

5 

24 

151/, 

54% 

44 

1 15 

6 

27 

15V 

73 

37 

1 20 

61/4 

26 

16% 

72 

30 


The usual dilution of thromboplastin for the two atnsc method Is 1 IG 


DISCUSSION 

Vse of Isotonic Saline foi Dilution of Plasma — It Ins been shotvn in Fig 4 
that low concent! ations of prothiombm aie associated with piolonged comer 
Sion times, and for this icason noimal saline has been used foi dilution of 
plasma m the pieparation of standard refeience ouiies If piothrombm 
free plasma is used as advocated by many woikers, conditions of rapid con 
version are imposed upon miNtuies of loav prothrombin content which would 
not exist in undiluted plasma of similar piothrombm content Table VI shows 
that when prothiombm is remoied from plasma bj adsorption with banum 
sulfate and the pi othrombm fi ee plasma is used as a diluent foi the plasma 
from avhioh it was picpared, the conaeision time of the diluted plasma differs 
very little from that of the undiluted plasma "Wlien plasma is diluted with 
saline, howevei, the conversion time is roughly doubled when the conoentra 
tion IS halved This can be seen both ui Table IT and Fig 4, and is confiianed 
each time a two stage estimation is pciformed Inspection of Fig 4 will show 
that when piothrombm is leduccd bj dosage with dicoumarm the coiiieision 
time behaaes as it does when plasma is diluted with saline, and not as it does 
when the dilution is made avitli piothiomlini fiec plasma 


Table VI Effect of Prothfombin Free Plasma on roNVERSioN Time of Normal and 
D icouMARiN Plasma (Conwepsion Time in Seconds) 


NATURE OF PIASMA | 

1 50 CONVERSION 
MIXTURE 

1 1 100 CONVERSION 

1 MIXTURE 

l^ormal 

84 

178 

1 part normal + 3 parts prothrombin free normal 

95 

240 

infective hepatitis 

1 part infective hepatitis + 3 parts prothrombin 

04 

101 

free infective hepatitis 

95 

188 

I'Jormal 

Equal parts normal and prothrombin free nor 

120 

235 

mal 

13o 

215 

Mieoumarin 

Equal parts dicoumann and prothrombin free 

331 

614 

dicoumann 

240 

500 


„ , The prothrombin free plasmas were prepared by adsorption with barium sulfate and 
contained no prothrombin detectable b> either \cnom lecithin or brain one stage methods The 
dlcoumarln plasma had been kept at -1 C for ttro dajs 
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The results obtained with dicoumatm plasma (Table ■\n) are inteiesting 
because this plasma had been kept at -32° C foi two days and had lost a con- 
sideiable pioportion of its oiigmal content of Factoi 5 This is shown by the 
fact that the conveision times weie 149 and 253 seconds foi the 1 50 and 
1 100 conversion mixtures when the plasma was fiesh, whereas the 2-day-old 
plasma ga\e the conversion times shown in the table of 240 and 500 seconds 
lespectively In spite of this loss of Factor 5 (which is lecognised as a sub- 
stance essential foi lapid conveision of piothiombin to thiombin) vhen the 
plasma was diluted to 50 per cent mtli prothi onibin-fi ee plasma the conveision 
times weie lathei less than those of the undiluted plasma Since one-stage 
methods measure the late of foimation of thiombm and clotting may occur in 
noimal plasma when about 5 pei cent of the piothiombin has been converted 
to thiombm,® it is obAuous that if conversion could be made instantaneous a 
plasma eontaming only 5 pei cent of the noimal piothrombin might give 
the same clotting time as a noimal plasma tested in the usual way An ap- 
pioach to this situation was leportecl by Honoiato” who found that when 
hiunan plasma was diluted with coneentiated pi othi ombin-fi ee dog plasma 
the “piothiombin time” lemained at 11 to 13 seconds until the mixtuie con- 
tained less than 10 per cent of normal plasma 

Anothei leason for not using piothiombin-fiee plasma foi dilution is'the 
fact that its properties depend so much upon the method adopted foi lemoval 
of piothrombin This has been shown by Conley and Morse’® and by the 
wiitei (unpublished data) who has found that if piothiombin-free plasma is 
piepaied by adsoiption mth BaS 04 , Ca 3 (P 04)2 oi AI(OH) 3 , or by Seitz filtia- 
tion, and is used foi diluting noimal plasma in the constiuetion of reference 
cuives of the type shown m Fig 1, foui diffeient curves aie obtained, each 
of which diffeis fiom the saline-dilution cuive Consequently, if the pro- 
tin ombin index of an unknoivn plasma is i efei i ed to these cui ves five different 
results will be obtained foi each of the thromboplastins, all of which will be 
lowei than the two-stage result except when the index obtained with venom- 
lecithin IS referred to a saline-dilutioii cuive Since there does not seem to 
be any satisfactory reason for preferiing one form of piothiombin-fiee plasma 
to anothei, and since dilution ivith saline can give results which coriespond 
•with those of the two-stage method, dilution with saline has been used 
thioughout this work 

Disci epancy Between Eesults With Venom-Lecithin and Biain — The 
reason for the failuie of the various one-stage methods foi prothrombin es- 
timation to give concoidant results when used with dicoumarin plasma has 
not been found, but certain possibilities have been eliminated The short 
clotting times obtained with venom-lecithin ai e not due to activation of throm- 
bin (Table III) oi to acceleration of piothiombin conversion (Tables IV and 
V) The latter experiments are, however, only concerned "with the completed 
conversion of piothiombin to thiombin, but it may be that with venom-lecithui 
the initial late of thiombin formation is gieatei than it is with brain This 
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IS very hkelj, because the prothi ombin time of iioimal plasma uith -venom 
lecithin is only half of that observ cd with hi am and one third of that oh 
tamed with lung thromboplastin 

To explain the disci epancics ohseiicd m lesiilts ivith dicoiiimiin plasma 
on the basis of initial coniersmii lates it ivoiild seem to be neeessarv to shoiv 
that with lenom lecithin the eomcision inte ot dicoiimitin plasma is initially 
more nearlj equal to that of iioi mal plasma than it is avhen hi am is used as 
thromboplastin The results giien m Table II aie msuffieitnt to decide this 
point Thej show that a mixtme of noimal with dicoiimarm plasma has a 
greater effect on the results with binin thiomboplnstm than wath venom 
lecithin, and the onlj conclusion that can be diawai is that the coagulation 
defect of dicoiimaim pWsma reiealed b% the hiam one stage method is not 
merely due to a defieienca of piothrombm Assuming that the two stage 
method gives an accurate estimate of the piotliiombm coneentiation, the 
venom lecithin one stage method described gives a closei appioximation to the 
tiue prothi omhm content than the rabbit hi am method 

The important question lemams— is the v enom lecithin method suitable 
for control of dieoumaim therapj? The moment of clotting is more easily 
detected with the tissue thromboplastins and senous errors aie inevitable 
with the venom reagent if the gieatest caic is not exercised The fact that 
the venom reagent gives lesults moie neailj equal to those of the two stage 
method than the tissue thioml oplastms mav be due to a hnppj chance but 
from the ohnioal point of view it is more desnnble to estimate the tendency 
to bleed than to determine accurately the concentration of prothi ombin in 
the plasma Expenenee alone ean show what is the dangei point for anj given 
method, and it is most unwise to applj catena applicable to one method to 
results obtained with another We believe that the impoitant point is not 
the method used but the euteria emptoved foi the intcrpietation of the re 
suit 

Our limited expenenee suggests that hemoiiliage is vinlikely if the plasma 
pi othrombm as estimated bv the v enom lecithin oi tw o stage methods is kept 
above dO pei cent of the noimal value In one instance a patient hied from a 
small ulcer in the mouth when the piothrombm bj venom lecithin and two 
stage methods was about 60 pei cent but in this ease the result bv Quick’s 
method was 34 per cent The latter figuie is well above the accepted dangei 
level for the brain method, which shows that caution must be observed wh it 
ever tbc "prothrombin time” may be This is the onlj hemonhagic incident 
which we have observed among eighteen patients controlled bj means of the 
V enom lecithin method and it w as not suffieientlv senous for the patient to 
notify hei doctor until the bleeding had ceased One othei patient had a small 
hematoma of doubtful origin on her eyelid at the same time as a needle 
hematoma Oui clinical colleigucs believe that satisfaetoiv icsnlts can be 
obtained with a pi othi ombin concentration of 40 to 50 per cent ns estimated 
bv the two stage and v enom lecithin one stage methods so we have had no 
opportunitj of studying cases whcic the pi othi ombin bad been reduced to 
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hemoiiliagic levels However, the tendency to bleed is sometimes not closely 
con elated with the piothiombin eoncentiation and we must understand more 
about other clottrng factors before we can corrtrol arrtrcoagulant therapy 
with complete confidence 

SUMJIAKY 

1 Modified methods and apparatus aie described for the estimation of 
prothrombin by the one-stage and two-stage procedures 

2 When plasma from patients treated with dieoumaim was used, the 
two-stage method gave results in fan agreement mth those obtained by a 
one stage method in which Russell viper venom and lecithin was used as the 
thromboplastin 'V^Hien rabbit brain or ox lung was used, the piothiombin con- 
centration found vas lower than that given by the two-stage method 

3 Possible reasons for the discrepancies are discussed together with the 
significance of these observations in the control of anticoagulant therapy 

My grateful thanks are due to Dr K 6 Macfarl me md Dr R Biggs for opportunities 
for discussion of this iiork 
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tion The degiee of leduced piothiombm activity must be of such magnitude 
that it will piolong the whole blood clotting time, hence, it must be less than 
40 per cent of noimal activity before the titration is increased Based on 
expeiience with the noimal dog given Dicumaiol, the piotamine titration does 
not inciease until the piothiombm activity is less than 25 pei cent of noimal 
It may be that some levision of these data ivill be required in cases of leduced 
piothiombm activity in the presence of livei disease, as this aspect of the 
pioblem has not been investigated Noimal or near normal prothrombin activity 
has been interpreted to indicate lack of any marked disturbance of the accelera- 
tor factor (accelerator globulin, piothiombm A, factor V) 

H epai imzation The therapeutic intravenous heparinization (35 to 50 mg 
per single total dose) maikedly increases the clotting time but at these 
levels does not appreciably affect the protamine titiation in otherwise normal 
blood If, however, the piotamme titration scale is made more sensitive, the 
effect of heparin therapy can be detected readily Moreover, the patient with 
piothionrbin deficient given heparin may show an increased titration when 
neither the prothiombin deficiency nor the heparin alone is capable of increas- 
ing the protamine titration 

Hemophilia Since m this disease the clottmg time is prolonged, the 
protamine titration also mav be increased This is probably a function of 
thrombin formation Not all hemophiliac persons show an increased piotamme 
titiation, but in severe exacerbation the titration is generally increased 

Fib) in Fibrin is the end point read m the piotamme titration, eonse- 
quentlv, in the absence of fibrinogen, no end point can be read 

Th) ombocytopoiia The titration m our experience has been more fre- 
quently normal than abnormal in idiopathic thiombocytopema However, 
patients with thrombocytopenia and mci eased protamine titration have been 
chmcally improved and then titiation letmned to normal without evidence of 
any inci ease in the platelet count - 

The magnitude of the changes produced in the piotamme titration by the 
factors bsted has been mmimized by (1) the range of piotamme used (mcrease 
of 0 02 mg per tube), (2) busk shakmg of tubes to imtiate clottmg, and (3) 
reading the titration no sooner than one hour after mixmg heparinized samples 
m piotamme tubes 

SUaiMAEY 

A method for measurmg a clotting defect found in certain hemorrhagic 
states has been described 
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Two unexplained exceptions lia\e been obscned These did not clot with 0 1-i mg protamine 
at the end of one hour but did clot into the normal range at the end of t\so hours In a 
aimilar senes of normal dogs tho end point was found to be 0 12 mg of protamine Here 
after, the human normal end point is tho one ties nbed In women this end point may be 
increased during the menstrual period I<ormallv the clot appeirs firm and retracts m all 
tabes containing 0 14 mg of protammo or more and is entirely duid in all the tubes contain 
mg 0 12 mg or less after one hour Clot retnctioa however, is slightly impaired in the 
tubes of high protamine concentration The effect of other mild to moderate blood de 
ficiencics on reading the end point is mmmuzed bs reading at one hour This is especially 
true of thromboc>topema and prothrombin deftcienej ^ 

3 Sources of Frror 

(a) Sloist or unclean glassware or needles 

(b) Inaccurate measurement of protaimnc and/or heparin solutions 

(c) Poop \enipuneture teelinique In all coagulation studies it is imperatiie that the 
blood flow IS prompt and free 

(d) Failure to age protaniino solution for twent> four hours before uso using prota 
mmo solution that has been standing for longer than one week or that has not been kept 
refrigerated The antiheparm actint> can be checked bj running a protamine titration on 
normal blood with each new batch of protamine solution 

(p) Biologic vanatioua that ma> occur in preparation of Uepann It is advisable to 
check each new iial of heparin with the preiious iial by running a protamine titration on 
normal blood using heparin from both Mala before the aupph from the one m use is exhausted 

(f) Failure to obtain adequate niixin^ of either heparin with the original blood or 
of the heparinized blood with the protannne solutions In the latter case clotting maj 
appear sporadically in the senes of protamine tubes 

(g) Gelation In some cases gelation precedes or substitutes for coagulation This 
problem, is best resolved bj reading as the end point the tube m wJuch gelation, first appears 

(h) Undiagnosed hemophiino or prothrombm deficient bloods These conditions may 
increase tho protamine titration tho compUoations are desenbed in detail later 

(i) Clotting witlnn normal range (0 14 mg of protamine) after one hour As 
previously stated normal blood and most abnormal blood specimeoa show no further clotting 
after one hour An occasional blood sample however, may show an increase in tho protammo 
titration at the end of one hour but clot ivithm the normal tube (0 14 mg of protamme) 
after several hours It has been our experience that these otherwise normal individuals show 
no significant clotting abuorinalUy In a few instances a similar decrease m the protamine 
titration occurod in bleeding ca es but these generally did not return to the normal range 

Factois Affecting the Pi of amine Tihation — Interpretation of the prota 
mine titration depends upon complete exaluation of all the luiown factors con 
ccnied with hemostasis Normal hemostasis imolves at least tluee s\stems 
(1) -vasculdr (2) cellular elements (3) plisma Of the cellular elements the 
platelets are probably the most important Thev are conceined with thiombo 
plastm and aie intimatclj associated nith the plasma factors which include pro 
thrombin fibimoj^en protiuombin acceleiatoi factors aiitihcniophiUc globulin, 
clotting inhibitors, and possibly others not vet known 

The pixitamme titration is independent of the platelet count and vascular 
components When the piotamme Utiation, is increased, thrombocytopenia and 
vascular disturbances are fiequentlj piesent This association, however, is not 
one of cause and effect 

The protamme titration can be maikedlv influenced bj any factor which 
13 capable of prolonging the whole blood clotting time 

Pjof/irowibin Deficicncij Prothiombm deficiencv of severe degree, m both 
dog and man, will inciease the protamme requuement in the protamine titra 
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This test IS not necessaiily a meastiie of hepaim itself oi even of hepaiinoid 
mateiials, foi it mai lie incieased by seveial faetois, only some of -whieli aie 
known Hence, it is only of value when all the Imown factois i elated to 
hemostasis can be eialuated It appeals to be a measuie of a clotting defect 
similai to, though not identical with, that pioduced by the intiavenous admin- 
istiation oi a commeieial beet hepaiin 

The P) otamine Titi ation — 

J Eeagents and Equipment 

(a) Protamine (‘^almm 0 ) sulfite stock solution 50 mg of powdered protamme sulfate 
(Lillj) are dis'-olved in distilled water and made up to 50 ml in a lolumetric flask Do 
not use for twenty four hours Keep refiigerated at 1 to 4° C (it is stable for one week) 

(b) Liquid commeicial heparin (Abbott) 

(c) Ten serology tubes (1 cm inside diameter bj S cm long) 

(d) Conical centrifuge tube graduated to 15 milliliters 

(e) 10 ml pipette, graduated to tip 

(f) 20 ml s\ringe, glass tipped, with thin coating of light mmetal oil 

(g) 18 gauge needles, 1% in long These must be sharp and should be cleansed with 
Haemasol* and checked nith hjdrogen peio\ide for eiidence of peroxidase before drying 
with alcohol and ether 

All glassware must he chemually clean and dry hefoie using 

3 Piotedure 

(a) Pipetting the protamine solution To each of the ten serology tubes the protamine 
sulfate solution is added from a miciopipette in increments of 0 02 ml (0 02 mg) beginning 
with 0 02 ml (0 02 mg) in the first tube and ending with 0 20 ml (0 20 mg) in the tenth 
tube The entire ten tube range runs serially from 0 02 ml to 0 20 ml (0 02 mg to 0 20 mg ) 

(b) Pipette heparin into the conical tube With a micropipette deliver 0 10 ml 
(10 mg ) liquid commercial heparin to the bottom of the comcal centrifuge tube 

(c) Yenipuncture Cleanse skin with alcohol and drj Apply touimquet and make 
clean needle puncture Gently aspirate (preferably bj venous pressure) 12 to 14 ml of 
blood If a good lempuneture is not accomplished on the initial puncture, another needle 
should be used as tissue juice or small amounts of blood may introduce serious error The 
svringe should be free of air bubbles 

(d) Mixing the blood and heparm Remove needle from syrmge and allow the blood 
to run gentlj down the side of the conical tube containing 1 0 mg (0 1 ml ) of heparin, bring 
ing the blood to the 11 ml mark Stopper the tube with rubber stopper and slowly invert 
fifteen times to obtam reasonable mixing The remainder of the test may be done in the 
laboratorj and should be completed witlun one hour If not pipetted at once, iniersion mix 
ing IS repeated immediatelj before use 

(e) Pipetting the blood The 10 ml pipette is carefully filled with the heparinized 
blood mixture, avoiding aspiration of air bubbles One milliliter of blood is allowed to flow 
down the side of each of the ten tubes containing the protamme solution Each tube is 
shaken brisklj eight to ten times to obtain reasonable mixing of the heparinized blood with 
protamme solution The entire series of tubes is then allowed to stand undisturbed for one 
hour at room temperature before the end point is read The end point is defined m terms 
of the protamme content of the tube containing the least amount of protamme in which a 
solid clot has formed at this time 

(f) The end point In a senes of 100 normal male subjects all tubes contaimng 0 14 
mg or more of protamme clotted Those tubes containing 0 12 mg or less remained fluid 

•Dlstrlbuttd b> American Hospital Suppl> Corp Chicago 111 



ENZYME STUDIES ON HUMAN BLOOD 
III Effect of Pl iSM v Proteins on Co igul ition* 

George T Shinow ui i, Ph D 
CoLUMBOs, Ohio 

I N A pre\ lous reporP it was demonstrated that the level of the clotting tunes 
becomes elevated as the puntj of the fibrinogen piepaiation increases This 
obsenation piompted us to study the effect of piotems added to the substiate 
on the thrombin fibiinogeii reaction time 

methods vnd mvteriil 

Pibimogeii fiactions of 79 to 80 pel cent piiritj were piepaied fiom diied 
human plasma by tlie application of tlie low salt low temperatuie ethanol prin 
ciplo“ The hemoglobin solution was prepared by dialysis in citrate phosphate 
buffoi (loiiio stieiigth r/2, 0129, pH 7 2) of l>sed human erythrocjtes pievi 
ously washed foui times with G vol of saline All stoek solutions, including 
those of Fiactions II III, IV 1, IV-4, V (Colin^), and heated 25 per cent human 
albumin* * (Cutter Laboratories), were made up in citrate phosphate buffer on 
the day of the evpemnent 'When adjustment to pH 7 2 was nccessarj, 0 IM 
NaOH in citrate phosphate buffer was added, volume not evceeding 10 per cent 
of the total volume of the stock solution Each protein solution in at least four 
diffeient concentration leiels was added to fibiiiiogen fraction solutions at final 
substrate concentration of 0 5 0 25, 0 125 0 062, and 0 031 per cent A control 
series without added protein was also tested Thus, for one e\periment, duplicate 
or triplicate clottmg tunes were determined on each of at least twentj five sub 
stiates Actually, eleven evpei iinents involving two hundred and seventy five 
test solutions with piimary plasma fractions added and fifty five control solu 
tions with fibiinogen fraction alone were done In addition, fifteen test solutions 
witli varjing pioportions of Fraction V (albumin) and a globubn mixtuie of 
Fractions II III IV 1 and IV 4 weie investigated The clotting times weie 
determined upon addition of 02 cc thrombin (a 1 to 10 dilution of Lederle’s 
Homostatic Globulin in oiti ate phosphate buffei) to 0 8 cc of the substrate 
equihbrated at 37 5° C The reagents and techniques for clottmg time and 
protein determinations have been described previously * 

RESULTS 

The data on the effect of added protein on the thrombin fibrinogen reaction 
at 0 25 per cent fibiinogen fraction concentration aie presented in Fig 1 

From the Department of Patholog> Colleee of "Medicine The Ohio State Unlveralty 
Received for publication Jan 27 1949 

Plasma Fractions II in TV 1 and IV 4 were obtained through the courtesy of Dr 
^ J Cohn, They were prepared In collaboration between the Department of Physical Chemistry 
Harvard Medical School Boston Mass and the Division of Biologic Laboratories of the 
Massachusetts Department of Public Health from blood collected in collaboration ^\lth the 
■American Hed Cross Fibrinogen fractions were prepared in this laboratory from dried normal 
Plasma processed from blood obtained from volunteer donors enrolled by the American Red 
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tion The degiee of leduced piothiombm activity must be of such magnitude 
that it will piolong the whole blood clotting time, hence, it must be less than 
40 per cent of noimal activity before the titration is increased Based on 
expeiience with the noimal dog given Dicumaiol, the piotamine titration does 
not inciease until the piothiombm activity is less than 25 per cent of normal 
It may be that some levision of these data ivill be required in cases of reduced 
piothiombin actiiity in the presence of liver disease, as this aspect of the 
problem has not been investigated Normal or near normal prothrombin activity 
has been interpreted to indicate lack of any marked disturbance of the accelera- 
tor factor (accelerator globulin, prothrombin A, factor V) 

H epai imzation The therapeutic intravenous hepaiinization (35 to 50 mg 
per single total dose) maikedly increases the clotting time but at these 
leiels does not appreciably affect the protamine titration in otherwise normal 
blood If, houevei, the piotamme titration scale is made more sensitive, the 
effect of heparin therapy can be detected readily Moreover, the patient with 
piothiombin deficiency gnen heparin may show an increased titration when 
neither the piothiombin deficiency nor the heparin alone is capable of increas- 
ing the protamine titration 

Hemophilia Since m this disease the clottmg time is prolonged, the 
protamine titration also mav be increased This is probably a function of 
thiombin formation Not all hemophiliac persons show an increased protamine 
titration, but in seieie exacerbation the titration is generally increased 

Fihiin Fibrin is the end point read m the piotamme titration, eonse- 
quentlv, in the absence of fibrinogen, no end point can be read 

Till ombocytopema The titiation m our experience has been more fre- 
quently normal than abnormal m idiopathic thi ombocytopema However, 
patients with thi ombocytopema and mci eased piotamme titration have been 
chmcally impioied and then titiation returned to normal without evidence of 
any iiici ease in the platelet count - 

The magnitude of the changes produced in the piotamme titration by the 
factors Listed has been mmimized by (1) the range of piotamme used (mcrease 
of 0 02 mg per tube), (2) busk shakmg of tubes to imtiate clottmg, and (3) 
reading the titration no sooner than one hour after mixmg heparinized samples 
m piotamme tubes 

SUaiMAEY 

A method for measurmg a clottmg defect found m certain hemorrhagic 
states has been described 
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jS Added Total Protein in Substrate 

.. — The effect of ^dded plasma proteins of varying albumin globulin proportions on 

the thrombin fibrinogen dotting time 

Citrate phosphate buffer r/*’ 0 1-9 pH 7 2 0 25 per cent fibrinogen fraction In aub 

strate 

Clotting time 17 4 to 18 seconds 


DISCUSSION 

The foiegoiiig expeuiiients dcinonstiate xvithout douht that albumm has aji 
accelerating effect on the thrombin fibimOoCn fiaction clotting time That this 
effect might be due to a contaminating enzyme or globulin m Fraction V is 
untenable for obvious reasons Sirailai quantitative lesults nere obtained with 
albumin prepared bj the leprecipitation of Piaction V and subsequent heatmg 
of the lesulting 97 to 99 pei cent albumin foi teu hours at 60° C in the presence 
of the sodium salt of aeetvl tiyptophan ’ * This interesting relahouship of 
albumin to the thi ombin fibrinogen fraction reaction merits fuitber study 
There is no justification fioni the data on hand to state that albumin influences 
thrombin activity pei se foi it is possible that the fibrinogen molecule itself 
might he involved, that a coagulant eontaniinant might be activated, or that 
there may bt inhibition of anticoagulant substance, if present, in the fibrinogen 
fraction 
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It must be stated that oui lesults do not necessaiily lefute the opposite 
findings of Quick,® who suggested that a blood albumin fi action is antithiombic 
and IS sjuieigistic with hepaiin Extensive and eaieful woik by othei in- 
lestigatois has essentially confirmed this concept ® Quick® cleaily emphasized 
that this activity might veil be a contaminant in the albumin fi action This 
■was confiimed by seieral woikeis,’*® ® ivho demonstrated that the anti- 
thiombic aetiMty resides m albumin fi actions but not in ciystalliiie albumin 
iloieovei, pieiioiis uoikeis were puiposefully testing the effect of albumin 
fi actions on thiombin as indicated by then incubation of the two substances 
befoie leaetion with fibiinogen oi plasma In oiii expeiiments the piotein 
was added to fibiinogen fiaetion solutions, and no significant changes weie 
denionstiated nhen clotting times weie done duiing a three-houi peiiod after 
mixing Anothei leason that oui lesults cannot be adequately compared with 
those of previous im estigatois is that the methods for the preparation of the 
protein fractions were not the same Finally, the fibiinogen fractions used 
in this study contained appioximately 20 per cent globulins (other than 
fibiinogen) Antihemophilic globulin^® and an active proteolytic enzyme^^ 
liai'^e been reported m fibiinogen fractions 

Fraction II-III defimtelj increased the thiombm-fibiinogen fraction dot- 
ting time Deutscld® deter mined thrombin by the two-stage method on this 
prothiombin-iich Fraction II-III and concluded that the assay is difficult 
because of the presence of thiombin-inhibitois, which he states aie of two 
possible tj'pes one ■which inhibits piothiombin conversion and another which 
inaetnates thrombin Since in the present study calcium and thromboplastin 
were not added, it uould seem that only the latter type of inhibitor could 
apply as a possible explanation Deutsch and Geiarde*® also found that 
gamma globulins, as well as albumin, do not alter the clotting times of rabbit 
plasma iMth added ealcium and thromboplastin, beta globulins, however, were 
found to have a definite retarding effect As with Fraction II-III m this 
study. Fraction IV-l caused an elevation in the thiombm-fibiinogen clotting 
time Fraction IY-4 caused a slight depression in the clotting time, this may 
be explained on the basis of its i datively high albumin content of appioxi- 
mately 15 per cent ® In general, oui results would indicate that the net effect 
of natue plasma globuLuis in normal distiibiition is to inciease the thiombm- 
fibiinogen fraction reaction time 

The expeiiments with albumin- globulin mixtuies of varying piopoitions 
substantiate the results from expeiiments on indmdual fractions and suggest 
a homeostatic balance between albumin and globulins within a wide range in 
respect to the fibiinogen fi action-thi ombin reaction 

SUimiARY 

In a sjstem of fibiinogen fractions (79 to SO per cent punty) in citiate- 
phosphate buffei (pll 7 2, r/2, 0129), albumin definitely lowers. Fractions 
II-III and H^’-l derate, and Fraction IV-4 and hemoglobin slightly depress the 
dotting times The significance of these findmgs wuth fibiinogen fractions pre- 
pared by the low salt-low tempeiatuie ethanol pimeiple is discussed 
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THE USE OF URINARY PIGMENT EXCRETION FOR THE 
MEASUREMENT OF BASAL SIETABOLIC RATE 

Jefferson J Vorzimer, M D , F A C P , Ira B Cohen, M D , 

Jules Joskow, B S , M A * 

New York, N Y 

T he diagnosis and contiol of Iiypeithyroidisni depends, to a laige degree, 
upon an acciiiate deteiinination of the basal metabolic late It is known 
that such conditions as neuiociiculatoiy asthenia, alcoholism, piegnancy, and 
appiehension may cause an ineiease in oxygen consumption which does not 
leflect the tiue basal metabohsm In pediatiic piactice, and m patients with- 
out teeth 01 with peif mated eaidiums, it is virtually impossible to obtain 
aceuiate BMR deteiminations with the usual cbnical equipment The 
existence of these conditions which pioduce an mciease in oxygen consump 
tion late, in the absence of an inci eased basal metabolism, fiequently lendeis 
the aceuiacy of the BMR, as determined by the respiiatoiy caloiimetei, 
open to question Since the deteimmation of the tiue basal metabolism, and 
not a machine-measuied ineiease in oxygen consumption, is of gieat unpoi- 
tance in the diagnosis and control of thyrotoxicosis, the presence of any of 
the afoie-mentioned conditions fiequently makes it impossible to deteimme 
tiue basal metabolism, with oui piesent methods The elaboration of a 
clmically applicable piocediiie, which would seive as a measuie of basal 
metabohsm, independent of oxygen consumption, is, theiefoie, of great im- 
portance Early m 1948, Di Iiwin Slater brought to oui attention the woik of 
Ostow and Philo, on the relation of the pigment/cieatinme ratio to basal 
metabolic late We investigated the accuracy and constancy of this relationship, 
in an effoit to obtam a relatively simple yet piactical and accurate measuie of 
true basal metabolism 

The yellow coloi of the iiiine is generally ascribed to the pigment urochrome 
The chenucal constitution and the natuie of the piecuisois of uiochiome aie un- 
Imown, although there is evidence* that tryptophane and kynuienin are involved 
in its production Diabkm- observed that the output of unnaiy pigment is 
lemaikably constant from day to day under oidmaiy conditions of health This 
output IS independent of diet, but bears a relation to the level of basal oxygen 
consumption, and is, therefore, a product of endogenous metabolism In hypei- 
thjT.oidisni, fevei-s, and m aitifieiaUy produced elevations of metabolism by the 
admmistiation of thyroxin oi epinephrine, the output of uimary pigment is 
increased Uiochiome excretion also is enhanced by tissue breakdown, starvation, 
01 by the adnunistiation of acids Diminished urinary pigment excretion is ob- 
sei\ed after extiipation of the thyroid, and the administration of alkahes 

From the Wedical Service of Beth Israel Hospital 
Uded bj a grant from Hr Samuel Koenig 
Becei\cd for publication Dec. 24 1948 

•Department of Statistics and Economics The City College of New York. 
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The daily cieatinine excretion is extraordinarilj constant for the individual 
and IS not influenced bj ordinarj exeici&e or bj uiine \olume Creatinine out 
put \arics from 1 5 to 2 0 Gni daih for men and from 0 8 to 1 5 Gin foi women, 
coriesponding to about 2 per cent of bod> creatine content The creatinine 
coefficient 

Alg creatinine e\eteted/da> 

Bod^ weight m kilogiams 

is from 20 to 26 for the majorit> ot noimal men and fiom 14 to 22 for uomen 
Its -value depends upon the musculai development of the individual the sex 
variation is due presumabh to the diffeicnt lelativc amounts of fatt> and mus 
culai tissues of male and female bodies Athletic women foi this reason have a 
coefficient as high as or higliei than men of obese build and poor muscular de 
velopment^ Unlike the excretion of uiea which is derived largely fiom ex 
ogenous sources the creatinine output is practicallj independent of the protein 
level of the diet and is theiefore considered to be a quantitative index of tissue 
and more especially of muscle metabolism 

Ostow and Philo* reinvestigated tlie nature of the relationship between 
urmary pigment output and the basal metabobc rate To coiiect for weight 
height, habitus, and age of the subjects the late of pigment excietion was com 
pared wnth the late of excretion of creatinine tlie htter being constant for each 
individual Since this is a latio of the coucentiation of the two substances 
there is no necessity foi measuring urinaiy volumes per unit of time This 
ratio (pigment/creatmine) was found to parallel the basal metabolic rates of 
patients to whom thyroid extiact was administered. The test cannot be done 
ui the presence of bile or fiee hemoglobin m tlie mine such as may occur during 
menstruation,, nor following the ingestion of foods sucli as beets and rhubarb 
or large quantities of riboflavin or dves which coloi the unne In cases of renal 
disease with nitrogen retention* and in cases of severe liver damage and in 
some cases of chionic heart disease it is impossible to obtain a valid pigment/ 
creatinine ratio From a practical standpoint how ever, these conditions do not 
usually coexist in patients in whom it is of impoitance to obtain an accurate 
basal metabolic rate determination for diagnosis or management 

The purpose of this investigation was to determine whether there existed 
an accurate correlation between basal metabobc rates as determined by the 
respiratory calorimeter and the pigment/creatinine ratio and if possible, to 
obtain a regression equation from this relationship If a statistically valid 
equation could be derived, the pigment/creatinme ratio could then be appbed 
wherever the accuracy of the basal metabolic rate measurement was in question 

METHOD 

Patients selected for this study were instructed to leport to the clmic as 
soon as possible after arising On ai rival they voided urine and this specimen 
was discarded After restmg for one hour a BMR determmation -was done 
with the respiratory calorimeter The pigment/creatinine ratio then was 
deteimined on a urine sample obtained after the completion of the B il R test 
Gnly those cases in which the BMR was consistent with the clinical diagnosis 
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were included in tins study To prevent vaiiations in the apparent concentration 
of uiinaiy pigment due to chemical alteration after voiding, all samples of uime 
were placed immediately in a letiigeiatoi, and spectiophotometiic readings were 
made as soon as possible, though nevei later than two hours after voiding The 
unne sample is centrifuged at lugh speed foi ten minutes to remove any sediment 
A portion of the supernatant uiine is then placed in a 10 by 75 ml cuvette and 
the per cent light transmission at a wave length of 420 mjj. is detei mined ivith 
a Coleman Junior spectiophotometei 



PIGMENT 

CREATININE 


tP/C) 


Fiff 1 


The uiinaij eieatinme content is determined by a modification of the Jaffe 
reaction ® Urine, 0 1 ml , diluted 1 5 with distilled ivatei (1 4 in mines of low 
specific gravity), 2 ml of saturated pieiie acid, and 015 ml of 10 pei cent 
sodium hj dioxide are placed m the 10 by 75 ml cuvette After standing for 
ten nunutes, the iiei cent light tiansnnssion at a wave length of 520 ni/i is 
deteiniined m the spectrophotometer The creatinine concentiation is detei- 
mmed from a graph made hr plotting pei cent light tiansnnssion against vaiioiis 
dilutions of a standaid creatinine solution 


RESULTS 

Deter muiatious obtained tiom one hundred ffD-six adult female suboects 
aie indicated in Fig 1, and fiom fifty-seven adult male subjects in Pig 2 

It viU be noted in Figs 1 and 2, that the great majority of both female 
(nmety-foui cases) and male subjects (tliiity-thiee cases) exhibit basal metabolic 
rates geueiallj considered to fall in the noiinal range (15 per cent above and 
10 per cent below tlie calculated normal) Flora a statistical standpoint the 
number of cases above the normal range (foity-one female subjects, seventeen 
male subjects) is large enough and con elates well with the findings in the 
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normal group It would tlieicfoic seem that the curve is applicable to hyper 
thyroid states Tlie cases that fall below the noimal range (twenty one female 
subjects, seven male subjects) aie too few in number to allow anj definite con 
elusions as to the application of the cunc m hypothyroid states 

Statistical analysis of the one bundled fiftj si\ observations on women re 
vealed the following lesults B M R readings vaiied from 72 per cent of normal 
to 162 pci cent, with a mean of 108 4 per cent and a standard deviation of 18 8 
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per cent Pigment/creatmme readings langcd from 124 to 536 averaging 
243 8, with a standard deviation of 80 2 The coefficient of con elation, assuming 
a straight Ime relationship was 0 92 The standaid erior of estimate was 7 4 
per cent The regression line is B M R = 54 7 + 22 pigment/creatinine 

Statistical analysis upon the fiftj seven obseivations on men revealed the 
followmg results BMR leadings varied from 83 per cent to 159 per cent 
averaging 109 9 per cent, with a standaid deviation of 15 0 per cent Pigment/ 
creatinine readings ranged from 124 to 394 with a standard deviation of 52 2 
The coefficient of correlation of Pearson was 0 88 The standard error of esti 
mate was 7 1 per cent The regression bne is B R =» 57 0 + 25 pigment/ 
creatinme 

INTERPRET VTION OP DVTV 

Women — The calculation of the coefficient of correlation leveals an e\ 
tremely close lelationship between BMR and iiigment/creatimue The 0 92 
coefficient of coiielation implies a relationship close enough to allow intci 
changeability of the vanables The legiession equation obtained is quite close 
to the one obtained by Ostow and Philo,* thus confiiming their results However, 
the higher correlation in our analysis imputes even gieater reliabihty to the use 
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of the equation Giaplucally, this fact is illustiated by the smallei seattei of 
points aiound our legiession line 

Men — Ostow and Philo^ published no seattei diagiams foi data on men, 
but it can be infeiied that the lelationship which they discovered was too weak 
toi piactical application Howevei, upon applying the coii elation teclinique 
to our fifty-seven deteiminations, we do uneovei a stiong lelationship between 
the two vaiiables While not quite as closely i elated as the vaiiables for the 
data on women, the coefficient of con elation (0 88) ceitainly indicates a strong 
enough lelationship foi the application of the legiession technique In this 
instance, it should be noted that oui legiession equation diffeis quite sig- 
nificantly fiom the lesults obtained by Ostow and Philo, ■* but is veiy close to 
the lesults obtained in the female senes Fuithei expenmental and statistical 
investigation would veiy hkelv leveal that the lesults foi the male gioup are 
not significantly diffeient fiom those foi the female gioup 

CONCLUSION 

The latio of unnaiv pigment to cieatinine excietion in the unne can be 
used as a measuie of basal metabolism The test is easily peitoimed and is 
leliable 

The basal metabolic late can be calculated fiom the following equations 

Men — B M R = 57 0 -t- 25 pigment/ci eatinme 
Women — BMR = 54 7 + 22 pigmeiit/creatinme 

The authors appreciate the technical assistance rendered by Miss Virginia Eech 
iiitzer, Misa Edna Arzt, and ilrs Jennie Shatton 
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CXACEEBATION 01 ALLOX VN DIABETES IN MICE BY 
INJECTION 01 TTPHOID T ACCINE ROLE OP THE 
ADRENAL GLAND 


Louis Touun, Jii , M D andW L J vck Edw uids, M D 
Dvllvs Texas 

J NPECTIONS as ell as oilier lorms of stress, eiuse the mamniahau organism 
to mciease the latc of adieiial coilex setrttion Lviilence foi this increased 
secietiou in man includes (1) idicnal coitex lijpcitioph},’ (2) depletion of 
eholesteiol m the adienal coitcx ' ' “ (3) nicicased uimaij exeietion of steioids 
tilth adienal coilieal aetiMtt ' ’ “ and (4) dccieasc in the Ijmphocjtes and 
eosmophilcs ni die peiiphcial blood ’ * 

Hypeiscciction ot the adienal cortex, as seen in Cushni„ 3 syndrome, is 
associated with a diabetic ajndioiiie tilncli is puiticularlj resistant to insuUn 
Iljpeiglycemia and oljcosuim cun he induced ni both man and animals by in 
jection of puiified pituitaij cortieoti opine hoiinone “ ” 11 oxjcoiticosteioids 

niieeted into iioinial foico fed nts have been shown to pioduce gljeosuiia’' 
Administration of pituitary eoiticotiophui * adieu il cortical extract,” oi 11 
oxycortieostoioids” to diabetic rats gicutlj incieases the glycosuna Ingle has 
marshalled evidence that the gljcosmia pioduced in lats bj coiticotioplno hor 
mono or 11 oxystcioids is chicfli the icsult of a decieased utilization of glucose “ 
Colowick, Con, and Slcin have shown that adienal coitical extiaet inhibits 
the hexokmase eiirtmo system of diabetic lat muscle but not that of noimal 
rat muscle hloreovci, it is well known that this hoxolniidse reaction is one of 
the mam determinants of the late of glucose utilization These findings sug 
gested that the exaccibatioii of diabetes seen during infections and tiauiiia might 
he due to an nicicased seerction of the adienal coitcx with a lesiilting decrease 
in glucose utilization 

The following expeniiicnt was designed to investigate this possibility 

METHODS 

Following a twelve hour fast, albino mice weighing aiound 20 giams weie 
given 275 mg of alloxan pei kilogiam of body weight, subcutaneously Pood 
was placed in then cages three houis after the alloxan injection The mice 
which survived the alloxan injection then were divided into two groups The 
mice of Group I wcie adrtnalectomized bilaterally, ten davs after their alloxan 
injection Following the adrenalcetomj each mouse in this group was given 
adienal cortical extract (0 05 cc of Upjohn 's Lipo Adienal Cortex) subcu 
taneously, at eleven hour intervals all through the entire experiment 

Gionp II consisted of mice whose adienals weio left mtact These mice 
leceivcd 05 c c of com oil at eleven houi mtervals aU through the entiie ex 
pcrimcn t, corresponding to the injection of adienal cortex extiaet ui Group I 

Prom the Department of Internal Medicine Soutiweatern Medical ColleBe 
Received for publication. Sept. 3 1948 
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Twelve dajs aftei the mice in Gioup I had been adieiialectoniized, the mice 
m both gioups neie tasted eight hoius, and a blood sugai estiniatioii was made 
on a 20 e mm sample of tail blood 

Two, ten, and sixteen lioiiis aitei blood had been diawn loi the blood sugai 
deteimmation, each mouse in both gioups leeeived, intiapeiitoiieally, 250 million 
killed typhoid oiganisms suspended in 2 c c ot 10 pci cent dextiose m normal 
saline solution Six houis altei the last in 3 eetion a 20 cmm tail blood sample 
agam was diawii foi a blood sugai estimation No solid food i\as peiinitted 
between the blood sugai deteiminations, but vatei iias available as desiied 
thioughout the expeiiment The adicnal coitex extiact (Upjohn) foi Group I 
and the coin oil injections loi Gioup II weie contmiied as scheduled dining 
the typhoid injections Each lasting blood sugai was diawn five houis alter an 
mjection of eitliei adrenal cortical cxtiact oi com oil 

Blood sugai coiieentiation was deteiinined by the Somogji pioceduie’- 
The leduced copper was deteiinined with Nelson's aisenonioljbdate ieageut’“ 
The final solutions were read in an Evelyn eoloiimetei (filtei No 660) Keagent 
blanlis and glucose staiidaids weic lun with each deteiniinatioii Ceitam ad- 
ditional contiol studies, as indicated latei, were also pcitoimed 

In designing these expei miciits it was assumed tliat the level oi the fasting 
blood sugai is a valid index of the scveiitj ot diabetes j\Iicc weie considered 
diabetic if a fasting blood sugar was ovei 125 mg per cent Only mice that weie 
actually diabetic weie uicluded in the expei imenlal Groups 1 and II 

RESULTS 

The peicentage in each group of mice that showed an incicase in fasting 
blood glucose level aftei the completion of the typhoid injection is shown in 
Table I It can be seen that theie is no significant difteieuec between the two 
gioups 


Table I Epsect of Tvphoid Vaccixe on tub Blood Sugar op Diabetic Hick 



NUMBER OF MICE 

IN GROUP 

NUMBER OJr MICE IN 
GROUP SUOWING A RISE 
IN FASTING BLOOD 
SUGAR AFTER TYPHOID 
VACCINE 

MICE SaOWINO A RISE 
IN FASTING BLOOD 
SUGAR AFTER TVPHOID 
VVCCINE (PERCENT') 

Group I 

( Adrenalectomized 

13 

10 

77 

Group II 

(Adrenals intact) 

17 

13 

7G5 


In Table II, the milligiams per cent increase of blood sugai of each of the 
mice who showed a use aftei typhoid is tabulated along with the average for 
each group 

The results, wdien analyzed statistically, show that there is no significant 
diffeience between the inciease in blood sugai of the two gioups (P value == 8) 

Puithex contiol studies showed the following 

1 That the injections of adienal coitical extract, m the amount we used, 
did not laise the blood sugar to diabetic levels in adienalectomized nondiabetic 
mice (see Table III) 
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Table EE Rises in Fasting Blood Sugar op Individual Dlvbetio Mice After Typhoid 

Injections 


INCREASE IN ilG PER CENT 

Group I 

( ADRENALECTOMIZED ) 

INCREASE IN MG PER CENT 

GROUP U 

(ADRENALS INTACT) 

751 

535 

589 

353 

123 

492 

491 

47 

807 

29 

412 

500 

632 

762 

353 

117 

500 

1177 

85 

595 


535 


74 


591 

Mean 474 

447 

Standard Deviation ±288 

±352 


Table HI Fasting Blood Sugar op Individdal ADHENVLECTOMizta) Nondiabbtic Mice 
BECE rviNo Adrenal Cortical Extract (0 05 c c Every Eleven b:odbs) 


MG % 


78 

70 

105 

102 

60 


Mean 83 2 


2 In normal nondiabetic mice the \\Iiole experimental piocedure, including 
typhoid injections, resulted in eithei no change or only a slight rise (30 mg 
per cent) in the fasting blood sugar None of these nonual mice exhibited the 
great blood sugai ele\ations seen in the diabetic mice receiving the typhoid m 
jeetions (see Table IV) 

Table iv Chanqfs in Fasting Blood Sugvr op Indimdual NoRiiAL, Nondiabetic Mice 
After Typhoid Injections 


MO % 

_ 

- 8 
-18 
+18 
+ij2 

-27 

+ Indicates an increase In fasting blood sugar 

- Indicates a decrease in fasting blood sugar 

3 When diahetio mice, either with oi without intact adrenals iieie put 
through all the cxpeiimental procedmes except for the addition of typhoid 
vaccine to the dextiose m saline solutions, their fasting blood sugars at the end 
of the experiment were not significantly greatei than then initial fasting blood 
sugars (see Table V) 
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Table V Chan^ges iv F\stiag Biood Slgvp oi Individual Diabliic JIici Put Tiikougii 
THE Entire Expeiimentu Procedlpf Enceit ior the Tvpiioid Injections 


\DHENALECTOMIZED MICE 

MICE WITH INTACT VDUENAl b 

MG % CIIVNGE 

MG % CHVNGE 

+30 

+32 

+17 

+ 4 

-32 

+22 

+38 

+13 

- 8 

-27 


J-J2 


+ Indicates an Increase in fasting blood sugar 
- Indicates a decrease in fasting blood sugar 


DISCUSSION 

The e\peiimentdl findings showed that adieiulectomized mice leceiving a 
fixed daily amount of adienal eoitc\ extiact exhibited as gieat a use in fasting 
blood sugai aftei a eouise ot t 3 phoid injections as mice with intact adi dials 
Since these adieiialeetomized mice weie incapable ot inci easing then own 
adienal hoimone seeietion, it is concluded that adienal hvpeiseeietion (eithei 
adienal coitex oi medulla) was piobablj' not the cause of the elevation of blood 
sugai produced by 13 phoid 3 aceine injections in these diabetic mice 

It IS possible that aceessoi3 adienal tissue had begun to function m these 
adieiialeetomized mice, but thej" began leceiving adienal coitex extiact ini- 
mediately following adienaleetoiiij^ and hence had little stimulus foi the gi 03 vth 
ot aceessoi3 adienal tissue Follo33Uiig the expeiimeiit, no nioie adienal coitex 
extiact 33ms given, and all of the adienalectomized mice died in a few days It 
manj’’ had had significant amomits ot accessoiv adienal tissue, one 3vould ha3e 
expected nioie suiiai'ois 

If one IS justified in apphing such expeiiments to the pioblem of infectious 
in diabetic patients, it ivould appeal that inci eased adienal actiiity is not the 
cause of the aggiavation of cluneal diabetes bj”^ infections 

It may be justifiable to speculate on othei possible explanations of the 
exaceibation of diabetes wnth infections 

It is possible that the anteiioi pituitaiy lioimone which inhibits the hex- 
okinase leaction^^ is seeieted in inci eased quantities dining inteetions and stiess, 
and that the hypeiseeietion of tins hoimone causes deeieased glucose utilization 
and hence an exaceibation of diabetes This possibility is suppoited bv the 
obseivation that the anteiioi pituitai3 gland secietes an iiiei eased amount ot 
another hoimone, the eoiticotiophic hoimone, in response to stiess - 

Kun^® has reeenth reported that meningococcal endotoxin causes in 3'itio 
a decrease in glucose utilization bj rat muscle extiacts, piobably by inhibiting 
the hexokinase sjmtem This inhibition of glucose utilization did not occui if 
Zn-fiee insulin 3vas added to the leaction mixtuie It may be that the endotoxins 
of vaiious othei tjqies of bacteria cause an inhibition of the hexolanase system, 
3vith a resulting decrease of glucose utilrzation 

In drabetes inellrtus, glucose utilization foi a given level of blood sugar is 
considerably decreased, and any mechanisms, such as the trvo mentioned, 3 vhich 
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further luipair glucose utilization iviU cause a marked e\acerbation of the mani 
festations of diabetes, such as hvpeigljceiiiia glycosuiia, and e\eessne mobibza 
tion of fat for eneigy metabolism 


SUMU VBY 

The eiaceibation of diabetes in mice following typhoid injections is not 
caused by an increased secietion of either niedullaij oi cortical lioimones of the 
adrenal gland If one is justified in applying this finding to comparable 
chnical situations, the e\aeerbation of clinical diabetes during infections prob 
ably also is not caused by adrenal hypei secretion 

^Vo wsh to thank Dr E Gifford Upjohn, of the Upjohn Companv Kalamazoo Mieh 
for generously supplying with Lipo-\drennl Cortex (Upjolm) 
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mTERGLYCEMIA AND GLUCOSURIA FOLLOWING THYROID 
ADMINISTRATION IN ALLOX.iN TREATED RATS 

D u ID W Molander, j\I S , M D and Arthur Kirschbauai, ]M D , Ph D 

iIrNXE.VPOLIS, JIiNX 

S HIPLEY and RannefekP showed that the glucose toleiances of rats Avhich 
leceived small repeated doses of alloxan weie similai to those of diabetic 
animals Histologic studj of islet tissue in lats injected mtiavenously e\eiy 
othei daj^ foui times i\ith 20 mg pei kiligiam doses of alloxan levealed ap- 
paiently mtaet islets of Langeihans with the methods used ^ Glucose tolerances 
m these animals weie deei eased It iias concluded that functional impairment 
of the beta cells may be caused hi small lepeated doses of alloxan 

Animals mtli islet tissue fiuietionalh* alteied by aUoxan weie fed thyioid 
in this experiment to deteimine if histologic changes would take place One 
gionp of lats was adieiialeetomized to deteimme the influence of loweied blood 
sugai le\el on islet tissue in alloxanized-thjioid fed animals 

ALVTERULS ^AND AIETHODS 

Four groups of white albino rats of the same stock and ago, weighing about 100 grams, 
and of mixed sex were used Animals in the first three groups received four intravenous 
injections of alloxant (20 mg per kilogram), one every other daj Group 4 animals were 
controls and did not receive alloxan Fasting blood sugars in all animals wore within 80 to 
120 mg per cent using a modified Folin IVu procedure v Glucose tolerances determmed ten 
days after the last injection of alloxan were impaired in the first three groups Group 4 
had normal glucose tolerances Glucose tolerance tests were conducted by vvithdrawang a 
sixteen hour fasting blood sample, injecting 0 5 Gm per kilogram glucose intravenously in 
20 per cent solution, and drawing blood samples at one half, one, and two hour intervals 
Pancreatic biopsy revealed normal islet tissue with the methods used Animals in Group 3 
were adrenalectomized and given 1 per cent saline to drink Animils were then tube fed 
powdered thyroid (Armour), 0 1 Gm per kilogram in water, daily for one mouth Body 
weights of the animals were followed All animals were allowed to eat ad libitum a prepared 
dog biscuit 

Following this treatment, twentj four hour urme specimens were examined for glucose t* 
Animals were placed in metabolism cages for forty eight hours and tube fed three times a 
daj Sec of a diet containing 20 per cent protein, 76 per cent carbohj drate, 4 per cent fat, 
adequate salts and vitamins Each cubic centimeter of diet contained 1 82 large calories per 
milliliter This diet was a modified one of a tvpe suggested bj Dr E Eeinecke, Department 
of Physiology Glucose tolerances were also repeated These procedures were done three 
weeks after the last dose of thjroid All animals were sacrificed without starvation, at the 
same time, one month after the last thyroid feeding, and the pancreases were placed in 
Bourn’s fixative The tissue was sectioned at 4 microns After stainmg witli Heidenliam ’s 
iron hematoxvlin, every tenth section was exammed and the number of alpha and beta cells 
counted and the size of the islet noted 

From the Department of Ajiatomy University of Alinnesota Aledical School 
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Grants and Fellowships of the National Institute of Health United States Public Health Service 
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RESULTS 

Glucosuua and fasting hypeigljccmia occuried in animals that 11610 fed 
thyroid followiiig foui small repeated doscs of alJo\au (Tables I, II, and III) 
These animals m ere obseii ed foi a month af tei termination of thi roid admmis 
tration and the glucosuna remained JIicioscopic examination of islets in these 
animals revealed a leduction in the number of beta cells (Table IV) In animals 
that receiied alloxan only and ivcic followed foi a comparable length of time, 
no spontaneous lij perglx eemia occuried (Tables I and II) Glucose tolerance 
curves of normal rats, foui dose alloxan animals (20 mg pei kilogiam), and 
four dose alloxan animals which weie fed thyroid ui addition (01 Gm per 
kilogxam) are shown in Fig 1 Islets m animals which received aUoxan only 
appeared normal Similarly, 111 animals which leeeived only thyroid, no hyper 
glvceniia, glucosuna, nor histologic altoiation of the islets appeared with tlie 
methods used (Tables I and II) 

In the group that was adicnalcctomiaed following alloxan and then fed 
thyroid, no clinical diabetes developed (Tables I, II, and III), nor were any 
changes in the islets noted It would appear that a loweiang of blood sugar 
might have been the piotcotive inecbanisni in tins gioup 

In the alloxanized tliyioid fed animals which developed clinical diabetes, 
It would seem, tliat the initial functional impairment of the beta cells by alloxan 
was essential if thyroid feeding produced hyperglj oemia, glucosuna, and re 
duetion in the number of beta cells 

Since the beta cells ate centially located witlini the lat islet alpha cells 
bemg present only at the peiipheiv evaluation of beta versus alpha cell damage 
IS unequivocal The beta colls of the lat are laiger than the alpha cells, and on 
the basis of size position and affinity of the beta cell gianules for hematoxybn, 
counts of the cell typos can be made readily on thin sections stained properly 
with non hematoxylin and eosin Identification of ccU tvpes was checked 
against Bourn fixed niatciial stained by the method of Gomori ® In the animals 
fed tliyroid following the four small doses of alloxan, the islets were smaller 
(fewer beta cells) and the alpha cells were not confined to the peiipliery as in 
the ease of islets from either untreated lats or ammals wilueh received only the 
four small doses of alloxan, or were fed thvioid with no other treatment, or were 
fed thyroid but were adrenalcctomized following alloxan 


Table I HYPEBOLycEiHA axd Glucosobia Following Alloxan and TirmoiD 



1 iniMBER OP j 



GROUP 

I ANIMALS ! 

TRE \TUENT \ 

RESULTS 

1 

11 

( AUoxfm 

1 Thyroid 

rFaatuig iiyperglyceiom 

Glucosuna 



v-Beduced number of beta cells 
^Normal fasting blood sugar 



G 

Thyroid 

No glucosuna 

INo reduction m beta cells 



I'AUoxan 

rPaatiag blood sugar GO 80 mg % 

3 

4 

K Adrenalectomy 
Ixii) roid 

glucosuna 

LNo reduction in beta cells 



rNormal fasting blood sugar 

4 

4 

AUoxjh 

No glucosuna 

INo reduction in beta cells 


HYPERGLYCEMIA AND GLUCOSURIA FOLLOWING THYROID 
ADiHNISTRATION IN .VLLOXAN TREATED RATS 

DA^^D W Molvisder, M S , il D \HD Ari'iiur Kirschbauai, il D , Ph D 

illNNE VPOLIS, MiXX 

S HIPLEY and Raiinefeld^ sliowed that the glucose tolerances of lats which 
leceived small repeated doses of alloxan Aveie similar to those of diabetic 
animals Histologic stud\ of islet tissue m rats in 3 ected mtiavenously every 
other day four times Mitli 20 mg per kiligiam doses of alloxan revealed ap- 
parently intact islets of Langei hairs uith the methods used ^ Glucose tolerances 
in these animals ueie decreased It was concluded that functional impairment 
of the beta cells maj be caused bv small repeated doses of alloxan 

Animals with islet tissue functionally altered by alloxan were fed thyroid 
in this experiment to detemiine if histologic changes would take place One 
group of rats was adienalectomized to determine the influence of lowered blood 
sugar level on islet tissue in alloxanized-thyioid fed animals 

lIVrCRULS ^AND AtLTHODS 

Four groups of cvlute albino rats of the same stock aud age, iieighing about 100 grams, 
and of mixed ses were used Animals m the first three groups recencd four mtraicnous 
injections of illoxant (20 mg per kilogram), one e\ery other day Group 4 animals were 
controls and did not receuo alloxan Fasting blood sugars m ill animals yore nitlim SO to 
120 mg per cent using a modified Folin tVu procedure i Glucose tolerances determined ten 
dajs after the last injection of alloxan were impaired in the first three groups Group 4 
had normal glucose tolerances Glucose tolerance tests xvere conducted bj withdrawing a 
sixteen hour fasting blood sample, injecting 0 5 Gra per kilogrim glucose intr i\ enously in 
20 per cent solution, and drawing blood samples at one h ilf, one, and two hour intcnals 
Pancreatic biopsy revealed normal islet tissue with the methods used Anim ils in Group 3 
were adrenalectomized and giien 1 per cent siliuo to drink Animals were then tube fed 
powdered thyroid (Armour), 01 Gm per kilogram in water, dailj for one month Bodj 
weights of the animals were followed All animals wcie allowed to eat ad libitum a prepared 
dog biscuit 

Following tlus treatment, twentj four hour urine specimens were examined for glucose t’ 
Animals were placed in metabolism cages for forty eight hours and tube fed three times a 
daj See of a diet containing 20 per cent protein, 7u per cent c vrbohj drate, 4 per cent fat, 
adequate salts and xitamins Each cubic centimeter of diet contained 1 S2 large calories per 
milliliter This diet was a modified one of a tvpe suggested by Dr R Reineckc, Department 
of Pliysiologj Glucose toleiances were also repeated Tlie'-e procedures were done three 
weeks after the last dose of thjroid All animals were sacrificed without starvation, at the 
same time, one month after the last thjioid feeding, and the pancreases were placed in 
Bonin’s fixative The tissue was sectioned at 4 microns After staining with Heidenliain’s 
iron hematoxjlm, everj tenth section was examined and the number of alplia and beta cells 
counted and the size of the islet noted 
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Table III TwE^TY Four Hour Glucose Exctetioms oi R\ts Which Recehed Pole 
LNT ra\Esous Injections op ^Vlloxan (20 mo / ica ) Follo\\ei) b\ Tharoid 
(0 1 Gm/ko) D\il\ for O^E month 





















Table I\ Percevtvce op Upha vvd Beta Cells Pbcsent im Isiets op Rats That 
Received Four Intiavenous Injections op Alloxan (20 mo Ao ) and Thytoid Daily 
FOR One Month (01 Gm Ao ) CoairvRED With That Present in Ammvls Thvt 
Receivfd Only Aixown Oniy TiiYroro and Thyroid Acted Adpenalectomy 
Follo^mnc Allown 


croup 1 

PERCENT \rE 

DISTl lUUTlOS 

ALPHA CELLS 

\ BET V CELLS 

( Alloxan 

70 90 

30 10 

1 Thyroid 



Alloxan 

50 

50 

Thyroid 

50 

50 

r Alloxan 



■< Adrenalectomy 

50 

50 

1 Thyroid 




COMPARATIVE GROWTH CURVES 



Fie 2 

Thyroid effect on body weight is seen in tlic comparative giovvth curves 
(T'ig 2) Animals which received only allovan in small amounts gamed in bodv 
weight at a rate similai to noimal animals, hovvevei, the gioup that leeeived 
thyroid in addition to alloxan was ictaided (hig 2) Animals winch leceived 
only thvioid foi a month were transiently stunted m giowth 

SUMMARY 

Rats given fom small doses of alloxan (20 mg pci kilogram) and then led 
thjroid daily for one month (01 Gm pel kilogram) developed hjpeiglycemia 
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and glucosuiia Islets in these animals showed a i eduction in tlie numbei of 
beta cells Eetaided giowtii oceuiied 

Animals given alloxan but no tliyi oid and follow^ed a similai length of time 
show'ed neithei hypei gh eemia noi glucosuiia, and islet tissue appealed intact 
■with the methods used Giowth letaidation ivas not noted 

Animals ■which lecened onlj’ tliyioid foi a similai peiiod wmie letaided in 
giowth, showed neithei hvpei gh eemia noi glucosuiia, and had noimal-appeai- 
ing islet tissue 

The small gioup that was adienalcctonuzed following alloxan in]ectioii 
and then fed thyioid did not develop liypeiglyeemia, glucosuiia, noi show any 
islet changes Lowei blood sugai level (i educed gluconeogenesis) following 
adi enalectoniy may have been a tactoi in inhibiting beta cell damage 

By functionally alteiing the beta cells with small lepeated doses of alloxan 
and then feeding th3ioid it wms possible to detect the added metabolic stiaiii 
of th^ioid on islet tissue 
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THE EXCRETION OP PENICILLIN IN HIBIAN MILK 

R ROZ.iNSJvY, 31 E, 1>7D A BjIZEZINSKy, 31 D 
JeRUSVLEM PUiESTINE 

T he c\tcnsnc htei ituic dealing with the conceutiations of peiuciUm in bocl-v 
tissues and fluids following lutiamuscular administration contains few icfei 
ences to the fate of penicillin in human milk Seeley and co woikeis^ found no 
peuicillin in bovine milk aftci injecting 500,000 units Greene and associates 
found a conecntiation of 0 015 to 0 06 unit pei cubic centimetci in human milk 
aftei a single iiiti*amusculai injection of 100,000 units of penicillin In mcw of 
the scaicitj of the data a stiidj of the cxcietion of penicillin in human mill 
was undertaken 

ilATERIVLS WD MCTaODS 

The concentration of penicillin was determined bj tho serial dilution method of 
Kolmera Each aeries consisted of six tubes w^ith a final dilution of 1 32 One tenth of 
a cubic centimeter of a 1 1,000 dilution of a twenty four Jiour bouillon culture of Staphy 
lococcus aureus (Ilcatlcj strain) was added to 1 c c of the medium 

Since the opacitj of milk precluded observations on turbidity wo estimated growth 
inhibition with the aid of color indicators Whereas methylene blue is suitable for the 
estimation of penicillin concentration in bovine milk, since tho reduction of the dje and 
the coagulation of the milk jicld a clear end point in tho case of human milk wo found 
bromthjTiioI bluo to bo a luoro suitable indicator Human milk normally has a pH of 7 1 
to 7 6 Bromthymol bluo changes color from blue to green at pH 0 0, and turns yollomsh 
at pH 0 0 

The indicator was made up as follows Bromthymol blue, 1 0 Gm NaOH N/10 25 
c c , aqua destillata, 475 c c 12 c c of indicator per 1 liter of medium 

Whenever possible, tho dilutions were made up with milk from the <»ame donor In 
a few cases when onlj a small quantity of milk was obtainable dilutions were made up 
with milk from another woman Milk was taken before the injection of penicillin and 
was boiled for five minutes to ensure sterility It wns found that a 1 10 dilution of milk 
in normal saline could replace whole milk as a satisfactory diluent, without inhibiting the 
growth of the test organism lu consequence of this observation both whole milk and 
milk saline were regularly employed as diluents in parallel senes 

Wo observed that when wo added a fevv drops of 0 IN IsaOH to the medium, wo 
obtained clearer color distinction The slight alkahni^ation enhances tho bluo color and 
at the same time promotes tho growth of the staphylococcus To test the reliability of 
the color changes, we inoculated agar slants from the dilution senes and observed that all 
dilutions that had not turned green had remained sterile Readings were made after 
twenty four hour incubation at 37 C The peniciUm sensitivity of the test strain was 
examined vrith each experiment The strain was sensitive to 0 03 unit per cubic centimeter 
and yielded tho corresponding color changes Milk m itself does not destroy the antibiotic 
activity of penicillin in vitro since wo found that solutions of penicillin m milk liad the 
same antibiotic action as did corresponding solutions in normal saline 

In a preliminary experiment to determine whether penicillin is excreted in imlk, we 
examined the milk of a bitch weighing 18 kilograms threo days after whelping A single 
intramuscular injection of 100 000 units diluted in 2 c c normal saline was given in tho 
thigh Milk was taken before the injection and at intervals of one, two and four hours 
after tho injection Tlie sample taken before penicillin injection had no antibiotic activity, 

Prom the Department of Bacterloloey and Serology and the Department of Obstetrics 
and Gynecologj Rothschild Hada'*sah Unlversitj Hospital 
Received for publication Dec 10 1948 
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whereas varying amounts of penicillin appeared following the injection (012 unit per 
cubic centimeter after one hour, and 0 24 unit per cubic centimeter after two and four 
hours) 

We studied penicillin concentration in human milk in the following manner A single 
intramuscular injection of 200,000 to 600,000 units of penicillin (crystalline G, potassium 
salt) dissolved in normal saline iias administered to thirteen iiomen ti\o to eight dajs 
after deliieri The injection i\as given as soon as the infant was taken from the breast 
In one instance, four additional injections of 30,000 units each were given at three hour 
intervals before and after the mam injection of 400,000 units Alilk samples for the 
determination of penicillin concentrations were taken before the injection and one, two, 
four, and siv hours after the injection On three occasions, samples of milk taken nine 
hours after the injection were also examined Ail samples were taken from the same 
breast Before withdrawing the milk, the nipple and surrounding area were cleaned with 
iodine, washed with alcohol, and dried with a sterile towel For purposes of comparison 
a number of blood samples were also taken two and six hours following injection In 
each case sterilitj tests of the milk were done, and contaminated samples were discarded 
Control expenraents were regularly carried out to prove that the milk t iken before the 
injection of penicillin possessed no antibiotic properties 


RESULTS AND DISCUSSION 

The lesults of the study aie sumiuai ized in Table I 

TABIE I CO^CE^^TRVTIOY OF PEMCILLIN (U/CC ) IV Milk AND SERUM rOIIOWING 
iNTRAMUSCLUiVB ADMIMSTR ITION 


CASE 

SERIAL 

DAYS 

AFTER 




IIOUKS 

VFTER 

INJECTION 



DOSAGE 

1 

2 

4 

6 

9 


VO 

DEI IVERA 

(UNITS) 

Mil K 

MILK 

SERUM 

MIT Tv 

MILK 

SERUM 

MIIK 

remarks 

1 

2 

200,000 

200,000 

0 06 

0 06 

_ 


_ 


» 


2 

5 

>0 06 

>0 06 

>0 96 

— 

>0 06 

<001 

- 


3 

5 

200,000 

0 03 

>0 06 

0 96 

>0 06 

>0 06 

<0 03 

- 


4 

0 

200,000 

0 36 


- 

0 48 


_ 

— 


5 

3 

300,000 

<0 03 

<0 01 

0 96 

<0 03 

<001 


<0 03 


6 

2 

400,000 

0 03 

0 06 

0 72 

_ 

>0 12 

<0 03 

- 


7 

6 

500,000 

0 06 

0 12 

0 72 

0 12 

0 12 

<0 03 

— 


8 

4 

500,000 

0 12 

0 24 

_ 

— 

0 24 

0 12 

0 12 


9 

6 

500,000 

0 12 

0 24 

192 

0 24 

0 12 

<0 06 

0 06 


10 

8 

500,000 

0 2-! 

>0 96 

>096 

>0 96 

0 24 

- 



11 

2 

600,000 

0 12 

_ 

— 

0 24 

0 24 

- 



12 

3 

600,000 

— 

0 24 

_ 

0 36 

0 24 

0 48 



13 

4 

400,000 

0 48 

0 48 


0 48 

>0 48 



Eight additional 
injections of 
30,000 U each 
everv 3 hr 


> More or equal < less than — not examined 


As may be seen fiom the table, significant quantities of penicillin vveie 
found 111 the milk following intiamusculai injection, in all but one of the eases 
studied (Case 5) Within one houi aftei injection, penicillin was found m 
appieciable quantities, the maximum concentration obseived having been 0 36 
unit pel cubic centimetei Two houis aftei the injection, the level was in most 
case? twice as high as aftei one houi, and it was still iismg steadilj at foui 
houis This use in concentiation was obseived in almost eveiv instance The 
penicillin concentiation began to fall six houis aftei injection, but lemained as 
high as the one-houi level, or highei Nine houi’s aftei mjection, penicillin was 
still piesent in the milk of two of the tliiee patients examined at this time In 
Case 13, in which the patient had received injections of 30,000 units eveiy thiee 
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hours, in uddition to the mam injection of 400 000 units, the level was main 
tamed at 048 unit per cubic eentimctei throughout sia houis In Case 5 
although tho dose injected was laigc, and although the iienicilliii level in the 
serum was high (0 96 unit pei cubic centinictci), no penicillin could be detected 
in the milk 


Averaae Values 0^ {^niciil in Levels in Human I1.!k 


ConecoVroKoo 

of Penicillin 

u/cc 

0,3 


0*. 


Oil 


> 1 t 3 V ^ 4 7 4 

Hours After InjecVion 

Fig 1 

The steady niciease and pcisistence of penicillin in human nuUv during the 
first four hours after intramuscular injection, followed by subsequent gradual 
decrease, is clearlj demonstrated in Pig 1 

-iVs for the relationship between tlie levels of penicillin in serum and milk 
We found that at the end of two hours the concentration of penicillin in the 
milk was 10 to 15 pei ci nt of that in the serum Subsequently the milk lev el 
remains constant or uses, while the blood level falls In milk as in serum, no 
close relationship exists between the dose of penicillin injected and the level 
obtamed, but in general higher penicillin levels were observed after larger doses 
The results of this study explain the beneficial theiapeutic effects of intiamus 
culariv injected peiiiciUin on mastitis The pemcillm sensitivity of most peni 
oiUin susceptible strains of bacteria cncounteied in this eouiitrj, as examined 
by Gurevitcb,* lies within the range of the levels wo have demonstrated in milk 
Whetbei suckling milk containing penicillin can favorablj affect oral infee 
tions in the infant, caused by oigamsiiis sensitive to penicillin, is a question 
requinng investigation 
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SUMMARY 

A study was made on the penicillin concentiation in milk of tliiiteen women 
aftei intiamuseiilai administiation of the ding Significant quantities of peni- 
cillin weie found in the milk of twehe of these subjects 

Penicillin Avas found in milk one houi aftei the injection Up to foiii houi’s 
aftei the injection the le\el lose, followed by a giadual fall in the concentiation 
In twm of thiee subjects examined, penicillin w'as still found nine houi’s after 
the injection 

We are indebted to Di N Grossowicz for Ins helpful ad\ ice 
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BACTERIIIETRIG STUDIES HI BLOOD LEVEL STUDIES ON 
TEROPTERIN MEl^VBOLISM 

Cr TorNMj-^, Ph D , wdD L G^llvnt, AB 
Phil \DEU HIV P\ 

T his vvork was iiiideitakeu because of the evident potentialities of terop 
teiiii in cancel tlieiapj ^ The appioach is based on two piemises (a) the 
obseived clinical eftects of teiopteiin tieatment seem to covei the whole 
lange fiom appaient ineffectiveness, and possible stmiulatoiy tciidencits, to 
genuine itgiessions of niihgnant giowtbs, and (b) in view of what is known 
about indiMdual vaiiations iii \itamm metabolism it seems iiossible that indi 
vidual diffeiences in the metabolic handling of tcioptciin plaj an important 
lolt in deteiuiinnig its clinical effectiveness 

Because of available evidence indicating lapid metabolic hbeiation of 
folaciu (folic acid, ptcro) Iglutamic acid) fiom teiopteiin (pteio>ltiiglutamie 
acid) and becaiLse of the picsumptuc piocanceious activity of the foimei® it 
seemed desirahlc to deteimino the hlood conccnti ations of these two com 
pounds lesultiug fiom adnunistiation of teiopterm 

ilETHOD 

A simplified analytic method has been developed foi this vvoik which is 
based on the well establcslied diffeieucvs'* m the growth lesponses of Lacio 
hactlhis casci 7169 and SiiOptococcKS faecahs 8043 (Sii lactxs R) to the two 
compounds The expeiinieiital procedure is biicflv as follows 

Blood samples of appioximatelv 0 015 cc aie taken fiom the fingei tip in 
a Thoma leucocyte diluting pipette iiid aftei dilution with 20 volumes of watci 
are placed in capped vials and stoied lu a fieezing comiiaitment until they 
ne analyzed 

Foi the hacteiimctiic dctciminations a single basal medium of low folic 
acid content is used foi both oigaiusms This medium is based on the L casei 
medium of Teply and Elvehjeni® diffeiing fiom the lattei in that vitamins 
(using pyiido\amine) and phosphates aie piesent according to the specifica 
tioiis of Robcits and Snell,® and in that casein hydioljsate and peptone aie 
replaced b} vitamin fiee enzymatie casein hydiolysite* iii an amount of 
0 12 c c pel cubic ceiitimetei of finished medium Cultiue tubes and the pro 
ceduies of steiilization, inoculation, incubation and pliotoelectiic tuibidity 
measuicment are those desciibed by us clsewheie/ except that leadings weie 
taken at 675 ni/x and the tubes contained only G c c of solution Tins volume 
IS sufficient if the tubes aie slightl> laised in the Coleman cuvette caiiiei by 
means of a fixed suppoit 

l*'rom the Lankenau Hospital Research Institute anU the Institute for Cancer Besearcli 
AldeU by a grant from Thomas E Brlttlngham Jr 
HecelNcU for pubHcatlon Dec 16 1948 
Nutritional Blochcniicals Corporation Clcxcland Ohio 
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Foi pui poses of convenience in measuiing, calculating, and lecoiding, the 
one tiillionth pait of a mol (1 x 10"^" mol), called biiefly 1 tiillimol and ab 
bieviated 1 tM, has been adopted as a lefeienee unit foi the piesent woik 
with the pteioyl compounds It coiiesponds to 0 441 milliniiciogiam of 
pteioylglutamic acid oi 0 699 milhmieiogiam of pteioyltiiglutamic acid 

Inocula of the two oiganisms aie giown in a medium which contains, pei 
litei, 20 Gm Bacto-casitone, 5 Gm Bacto-peptone, 20 Om anhydious sodium 
acetate, 20 Gm glucose, 2 5 Gm each of KII2PO4 and K2HPO4, 200 mg 
MgSOi THoO, and 10 mg each of NaCI, FeSO* 7H.O, and MnS 04 IH^O If 
this medium is inoculated fiom a cultuie of eithei oiganism fleshly giown 111 
the same medium, actue inoculum eultuies aie obtained aftei appioximately 
sixteen houis at 37 to 38° The cells aie washed once with watei and diluted 
to an 0 D of 100 ‘ 

The standaid senes consist of single tubes containing 0, 015, 0 30, 0 45, 
0 60, 0 90, 1 20, and 1 50 til folacin fo,i L casei and t\\ ice these quantities foi 
Sti faecalis Deteiminations peifoimed luidci these conditions indicate a latio 
of appioximately 1 foi the molai actnities of folacin and teiopteiin foi L 
casei, and foi SU faecalis an activity of tciopteiin ot appioxiraately 2 pei cent 
of that of folacin In the actual deteiminations only folacin standaids, foi 
both oigauisms, have been lun and, as a piaetieal appioMination, the L casei 
lesults of the unlmoivn have been consideied as the measuie of the sum of 
folacin and teiopteiin, and the 8t> faecalis lesults as the measuie of folacin 

Foi analysis the oiigmal 1 21 blood dilutions aie tieated as follows A 
0 10 c e poition is fuithei diluted with 9 4 c c of watei In oidei to minimize 
subsequent inteifeience of tiubidities aiisiug fiom blood ]noteuis, these dilu- 
tions aie autoclaved at 120° foi two and one-half minutes and, aftei cooling, 
centiifuged Foi each blood specimen foui assay tubes aie then set up, con- 
taining 0 5 and 1 0 c c of the 1 2,000 dilutions foi L casei, and 1 5 and 3 0 e c 
for Sti faecalis Volumes aie completed to 6 c c with inclusion of 3 c c ot the 
basal medium Because in some cases small lesidual tuibidities lemain aftei 
the pielimmaiy autoclaving and centiifugation, mitial optical density lead- 
ings aie taken on all tubes aftei the final steiilization These leadings aie 
subti acted as blanlts fiom the subsequent leadings, taken aftei sixteen and 
twenty-two houis of incubation of the inoculated tubes at 37 7° The piactice 
of taking leadings at tivo time levels, as well as two quantity levels, was 
adopted as an additional means of guaiding against possible eiiois aiisnig 
fiom unknown growth faetois 


RESULTS 

The lesults obtained so fai aie summaiized 111 the seventeen chaits of 
Fig 1 {1 to 15) and Fig 2 {16 and 17) The full lines show the blood coii- 
centiations found foi folacin and the bioken lines show the concentrations ot 
teiopteiin The units of the oidmate, which 111 all instances aie diaivn to 
the same scale, aie tiillimols pei cubic ceiitimetei of blood The abscissa units 
aie houis Except foi chaits 13, 16, and 17, then scalmg is also umfoim The 
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iig 2 — Results o£ teropterin administration as explained in text Administrations at 0- 8 

and lb-hour period 

munbeis-and-letteis code shown abote each giaph chaiacteiues the subject of 
the expeiiment, m the foUottmg maimei age, sex (M oi P), noimal (N) or 
canceious (C), weight Thus, 50 M N 152 indicates a iioimal man of age 50 
weighing 152 pounds The initial concentiation foi both substances is in all 
cases shoitu as zeio The actual noimal levels found laiige fiom about 5 to 
50 tM foi folacm Although as a lule no teiopteiin t\as found, a feu sub 
jects shoued a low initial teiopteim aetmty Pending fuithei in\ estigatioii 
of these obseivations, the initial levels hate been ignoied, since ui view of 
then low values, compaied with those lesultmg aftei adnunistiation of 
Teiopteim, no seiious eiioi is mtioduced theieby 

The injections weie made mtiamuscidaily in the uppei aim Blood 
samples tteie taken fiom the fingeis of the opposite aim Poi the 20 mg ad 
mmistiation the diy piepaiation ttas used, dissolved mice of salme foi the 
injections Foi the 10 mg injections the solution commeicially available in 
vials was used 

Chait 1 shotts the lesiilts of oial and chait 2 the lesiilts of nitiamiiseiilai 
administiatioii of 20 mg teiopteim in the same subject Because the lattei 
method jielded much liighei teiopteim levels, fuithei studies bv the oial route 
so tai have not been made Chaits 5 to 6 show the results of 20 mg injections in 
tom additional noimal subjects Chaits 7 to 11 show lesiilts obtained m five 
patients wuth cancel with 20 mg mjections The thin lines m chaits 9 and 11 



I3L00D LEVEL STUDIES ON TEROPTEKIN METIBOLISII 


505 


indicate data obtained in latei e\.periments with the same subjects (see ehaits 
10 and 17) Chaits 13, 11, and lo desciibc the lesults of 10 mg injections on 
two noimal subjects and one patient with cancel The expeiiments described 
in chaits 6 and 13 weie done on the same subject Because of the unusual 
nature of the delajed response encounteied in the eapeiiment of chart 13 
(which pieeeded that of chait 6) blood sampling uas extended until twentj 
tivo houis aftei injection in the expeiiment of chait 6 Both expeiniients aie 
plotted togethei in chait 13 

Chaits 16 and 17 desenbe foi t«o patients ivith cancel nho liad been sub 
jects of picMOUs experiments (ehaits 9 and 11 lespectnelj ), the results of an 
expeiiment extending oaei foitj eight hours Dining the fiist twenty foiji 
houi-s thico teiopteiin injections of 20 mg each Mere given at eight houi 
inteivals (zero eight and sixteen houis) 

Piecision — Piioi to tuitbei discussion the precision of the data shovvai in 
Bigs 1 and 2 should be indicated A stitistieal siiminaiy of iclevant lesiilts 
IS giv on in Table I 

Each entiy in this table icpiesents an aveiage obtained fiom appiox 
imately 130 pans of loadings As stated each blood specimen was analyzed 
111 two concentrations and each of the icsulting individual tubes was read 
after two peiiods of giowth The lesulting "quaiititj pans” weie always in 
a 1 2 ratio, and the hoiii pans” eonsist of leadings taken aftei sixteen and 
tvvent} two houis of giowth Dining this peiiod the standaids showed an 
aveiage inciease in optical densitj of about 40 pei cent The figines given 
in Table I lepicscnt tiillimols pii cubic eentimetei of blood i e the same units 
as aie used m Figs 1 and 2 Aveiage diift means, for the hoiii pans the 


TVBLE I 



noun 

PAIRS 1 

QUANT1T\ 

PAIRS 


AV DIFFERENCE 1 

I A\ DRIFT 

A\ DIFFERENCE 1 

AV DRIFT 

1 

(tsi) 1 

1 (tM) j 

(tM) 1 

(tM) 

L casGi 

70 

-20 

90 

+30 

Str faecalis 

50 

+10 

50 

+20 


net diffei ence betw een the av ei ages of all tweiitj two houi and all sixteen horn 
leadings, and foi the quantity pans, the net diffeience between the aveiages 
resulting fioui all double and all single levels Thus the table shows that in 
the L easel measinements the final figuies resulting from the sixteen houi and 
the tweiitj two houi readings differ m the average by 70 tit and the v alue 
lesultmg from the 1 itei leading is in the average, 20 tJI lower than the lesult 
of the earlier reading Fuithei the lesults of the single and double quantity 
samples diffei in the average by 90 tM and the value lesulting fioni the laigei 
sample is, in the aveiage, 30 tM higher than the result of the smallei sample 
Since the folacin values deiive dnectlv fiom the St> faecalis readings while 
the tcropteim values result fiom the difference between the L casei and the 
Sir /aecfllis leadings then eiior would in the average be somewhat larger than 
that of the folacin values It is eoneluded from the statistical evidence that 
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by combining the lesults of the houi pans and the quantity pans into one 
single aveiage, as has been done in Figs 1 and 2, a leasonable compensation 
of eriois IS obtained and that the pioceduie as used is adequate to leveal the 
majoi tiends in the blood picture lesultmg fiom admimstiation of teiopterm 
Accessoi y Oisei vations — A few additional obseivations made in the couise 
of this work wan ant only biief mentioning Any effects which meals may 
have on the folaein-teiopteiui pictuie of the blood appealed to be negligible 
111 teims of the concentiation leiels lesulting fiom administiation of the pine 
compound — Quantitative expeiiments showed that no significant changes le- 
sult fiom refiigeiatoi stoiage of the piimaiy, 1 21, blood dilution — A pie 
liminary study of noinial folacin levels in the blood was made, involving 
SIX noimal peisons and six patients with cancel The following lesiilts, in 
teims of tiillimols pei cubic centimetei of blood, neie obtained 5, 9, 9, 15, 
17, and 28, for the noimal subjects, and 8, 9, 15, 25, 28, and 35 foi the patients 
with cancer In the same senes the leeoveiy of folacin added to the blood 
samples was also studied Wlule the evidence obtained indicates absence of 
majoi secondary effects of the blood nr the folacin deteiniinations, a moie 
caieful study of this angle seems desnable Oui values of 5 to 35 (median 17) 
tM per cubic centimetei of whole blood, obtained without any tieatment ex- 
cept aqueous hemolysis, may be compaied with the values obtained by 
Schweigeit and Peaison® 1 to 3 tM on oxalated blood without taka diastase 
tieatment and an aveiage of 86 tM on blood incubated with taka diastase 
Denko and co-workeis'® obtained a range of 27 to 120 tM after taka diastase 
tieatment This compaiison suggests that undei oiii conditions some but not 
all of the bound folacin is set f i ee 


DISCUSSION 

The dominating effect of the administiation of teiopteiin which emeiges 
fiom the present obseiwations is the lapid appeal ance of folacin in the blood 
stieam The folacin concentiation appeals to attain its maximum appiox- 
imately two horns aftei mjeetion If the total ciicidatoiy distiibution volume 
of the body is assumed to be 21 to 25 per cent of the body weight,® the peak 
values foi the sum of teropteiin and folacin in the individual subjects aver- 
age 62 01 7-1 pel cent, lespectively, of the theoietical concentiation At the 
observed peak periods (which may not be the precise actual peak periods) 
the relative shares of folacin and teiopteiin are, in the aveiage, 71 and 29 per 
cent of the total Six horns after injection an aveiage of 27 per cent of the 
folacin present at the peak period is left, while the teiopteiin level at this 
time has declmed to an aveiage of 36 pei cent of its value at the peak period 
In the calculation of these averages all injection expeiiments, except those 
shown in charts 6 and 12, have been used These wiU be discussed below 
In terms of the theoretical maximum, based on a distribution volume of 
25 per cent of the body weight, the peicentage of the injected teropteiin 
which SIX horns after injection is still accountable in the circulation, as 
teiopterm or folacin, averages 22 On the basis of the uimaiy excretion 
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studies of Jukes Fiankhu Stokstad, and Boelme one maj anticipate a si\ 
houi folacm e\cittioii of 60 oi 70 per cent of the total dose after admin 
istiation of 20 mg of teropteim Thus nithm a maigm of 10 or 20 per cent 
the total dose seems faiilj well accounted foi between eii dilation and e\ 
cretion 

These aie aveiage figiues As is ciidcnt fiom inspection of Figs 1 and 2 
among the indnidual subjects the rise and decline of folaeiii concentration 
IS relatiielj unifoini in chaiacter in coininiisoii with the gieat indmdml 
differences eiicounteied among the teropteim patterns While folacm sliows 
in practicallj all eases a pattern of sfnd> decline after the initial iise the 
primaiy decline following the postiiijeetion peak of teiopteiiii is in many 
cases followed by a secondary suige Because of its occuiieiiee in tliree 
quarters of the cases considered, the secondaiy smge is thought to he iiioie 
than a foituitous lesult of combined cirois Pui thei moi e, at the end of the 
sliorttenn experiments (up to eight hom-s) the tcroptenii ticiid is npwaid in 
one third of the eases while the folacm tieiid is always dowmwaid The two 
foitj eight houi studies (chaits 16 and 17) show in fuithei cotifii matioii of 
the different character of the teropteim and folacm patteins that the 
teroptcrin to folacm ratio tends to change fioin a caluo of less than 1, which 
IS characteiistie foi the early postmjcction peiiods, to a latio laiger than 
1 which IS maintained for a coiisideiahle peiiod aftei the last injection 

Because there aie equally good reasons foi considering fohoin an nd 
juvant of malignant growth as theie aie foi considering toroptenn an an 
tagonist, one may thooiizo that the teropterin to folacm ratio resulting from 
teroptenn adniinistiation is more impoitaiit than the size oi fieqiienoy of 
dosage per se Accordingly the conditions goveinmg establishment and 
maintenance of a favoiabie ratio should be studied The obvious differences 
m the rates of disappearance of the two compounds suggest a slowei rate of 
exeietion of teiopteiin aud/oi a process of storage oi binding fiom which 
teroptenn is gradually i eleased 

From a practical point of \icw it would seem important to know if the 
response pattern of a subject is detei mined by stable individual metabolic 
charaeterLsties oi whether the response of the same individual canes sub 
stantially and unpredictahlv fiom day to day Among the piesent data there 
aie a few heanng on this question Charts 9 and 11 show two cases in which 
a second analysis was earned out on the same person after an iiitei\al of two 
weeks In eithei case the second picture cliff el’s substantially fiom the first 
Charts 6 and 13 show two experiments pcrfoimcd on anothei subject In this 
case the dosage lecels diffeied and the interval was six da vs The lesponse 
picture of this person is particularly mteiestmg because of the unusual delay 
in the attainment of the top levels for both folacm and teiopteiin but par 
ticulaily the lattci As chait 13 shows m which the data of chaits 6 and 13 
are conibuied this ehaiacteiistic is in evidence m both expeiiments despite 
other differences 
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SUMIIABY 

Studies, using L casei and Sh faecahs, ot the fate of pteioyltiiglutamic 
acid in human subjects indicated that two houis aftei intiamusculai injection 
appioximately two-thiids of the dose (20 mg ) weie piesent in the cii dilation 
Of this total about two-thnds weie piesent as the mono- and one-thnd as the 
tiigliitamate Subsequently the concentiation of the foimei seemed to decline 
11101 e lapidly than that of the lattei Difteient individuals show consideiable 
vaiiations fiom the aveiage metabolic pattern 

ADDENDUM 

Upon completion of tins irticle j. piper by Sdiweigert on metabolic obsen itions after 
administration of pteroylglutamic icid and pterojltriglutamio acid appeared n Despite 
differences in approacli and methods, the findings of this iiork are similar to some of our 
results In both imestigations maximum blood Icitls iiero obseiied ipproximatoly two 
hours after injection, although the route was mtramuscular ui one case iiid intravenous in 
the other However, in our study the maximum v iluo obtained after two hours (average, 
about 1,400 tM, average weight of subject, 140 pounds) was more than tvnee as high as that 
of Schvveigert, although the injected quintity of the triglut iniic acid was essentiallj the same 
As noted, oui normal folic acid levels are also higher than those recorded bj Schweigert 
His tentative conclusion “that some of the injected triglutamate was not cleaved for as long 
as four to eight houis after injection’’ is fully confirmed bj our evidence 

The authors wish to thank Dr Staiilej P Eeimaiin for making available to them the 
patients who have cooper ited in this study They also wish to thank Ledeile Laboratories, 
Inc, Now York, N Y, lud Dr Benjamin W Carej of tint organization for suppljing the 
teropteiin 
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A STUDY OP SOME PACTOBS im'’OLVED IN THE COLOBIJIETRIC 
DETERIIINAriON OP GARONAMIDB 

ILvrv e\ Shields Coluns II S , 11 D , avd lLixi\ ei l Pinl v^D M D 
Boston ILvss 


C ABONjVIIIDE (4' eTiliONjplienjlmethaiiesulfonaiiihdD) inhibits the renal 
CNCietion of pemeilliu and thciebv enhances and piolon',s the leiels of 
that mtibiotic in body fluids ‘ A simple and -iccurate method foi assay of 
Caionaniide is dosiralile both to facilitate phainiacolo^ic studies and to con 
tiol dosage Zieglei and Spiagiie’ dcsciibed a colorimetiio method which in 
vohes the use of Ranc\ catalyst alloy (powdeied Ni Al) to cleaie Caionaniide 
and pioduce pai i aininobtnzoic acid (PABA) 


^cir —so NH ^ 


coon 


NaOH 
Ni A! 



coon 


The PABA is then detei mined by Eeheit’s modificatioiP of Biatton and 
Itaishall’s method for sulfanilamide* Ziegler and Sprague presented altei 
iiatt methods applicable to blood serum both of them depending on the re 
action cited One of those (then method 11) iiiyolvcs pielimiiiaiy dcpiotciiiiz 
mg ivhile the othei (method III) n hich is run upon serum directly is stated 
to be less accuiate but quickei and hence useful iiheie a high degiee of ae 
ciiiacy IS not needed In applying these methods to kiioiin amounts of 
Ciioiiamide ceitaiii details neie found to affect significantly the amounts 
iceovcied The findings aie presented in this paper 


lIATEnL\LS AND METHODS 


standard Solutions — ‘ Primary standards” of PABA and Caronamidc 
weie prepared by dissolving 0 001161 mole in 20 ml of 5 pei cent NaOH and 
diluting the solutions up to 1 liter y\ith ivater These concentrations iveie 
chosen because they are each chemically equivalent to the primary sulfa 
mlamide standard solution used in the Bratton and Marshall method The 
piimary standards ivere then diluted 1 10 and 1 20 ivith 5 per cent NaOH 
m order to bring the intensity of the color formed in the reaction ivithin the 
optimal range foi the spectrophotometiic readings Such dilutions constituted 
the secondary or yvorking standards, of ivliich 5 0 ml aliquots contained 
580 X 10-» or 290 x 10 ° meq These amounts if present in 5 0 ml of filtiate 
obtained by either method H or III of Zieglei and Sprague uould eoi respond 
to the piescnce of 15 9 and 7 9 mg per cent of PABA oi 33 8 nid 16 9 mg 
per cent of Caronamidc in the serum 

Identical spectiophotometric readings may be eNpeeted fiom eqiuvalent 
amounts of PABA or Caionaimde provided the libeiation of PABA from 
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Cai onaniicle i& qiiantitatn e and no othei substances ai e f oi med which in- 
fluence light absoiption mateiially at 540 ni/t, the wave length at which the 
PABA was detei mined The identity with the sulfanilamide standaid sub- 
stantiated the basic path of the i eaetion and the dei ived calculations 

Otlm Reagents — These included pooled human seium oi citiated plasma, 
Raney catalyst, n-octyl alcohol, 6N HCl, 90 pei cent ethanol, 0 2 pei 
cent sodium nitiite, 2 0 pei cent ammonium sulfamate, and 01 pei cent 
N- ( 1-naphthyl) -ethylenediamine dihydiochloiide, the last thiee in aqueous 
solutions, fleshly piepaied 

Appaiatus — Standaidized pipettes and 50 and 100 ml volunietiic flasks 
weie used The 0 5 ml samples weie measuied with Ostwald-Polin pipettes 
using a set time for diainage Light absoiption was detei mined ivith the 
Coleman Jiinioi Spectiophotometei i\ith the leadings made at 540 milli- 
micions The maximum absoiption actually is close to 547 m/j., but the dif- 
feience is of no signiflcance due to the flatness of the absoiption ciiive in this 
1 egion 

Piocedwes — The lecoveiy of PABA oi Caionamide fiom mixtuies con- 
taining known amounts was studied undei vaiied conditions, each step in 
the detei mmations being earned out in duplicate A batteiy of 50 ml 
volumetiic flasks was assembled and into each weie pipetted 5 0 ml of one of 
the secondaiy standaids To each flask weie then added 2 diops of n-octyl 
alcohol to minimize foaming dm mg the i eaetion, and, to one-half of the flasks, 
0 5 ml of pooled noimal human seiuin ivas added in oidei to obseive the 
effects of seium on the detei mmations Raney catalyst was then added m 
varied amounts, namely “0” (foi PABA), 0125, 0 25, 0 5, and 10 giam 
The catalyst was added thiough a funnel slowly m oidei to avoid excessive 
heating and fiothmg’* The flasks then stood at loom tempeiatuie (22 to 
27° C), except foi occasional swiilmg, foi two houis, twenty-foui houis, oi 
foity-eight houis, oi they weie heated m a bath of boiling watei foi one half 
hoiii 

Aftei the mixtuies weie allowed to leact foi the desiied peiiods they 
weie diluted with watei to 50 ml , shaken, and filteied thiough No 42 What- 
man paper Subsequent tieatment was essentially as desciibed by Zieglei and 
Spiague a 5 0 ml aliquot of filtiate was added to each of two matched 
cuvettes contaimng 0 5 ml of 6N HCl , then 0 5 ml of 0 2 pei cent NaNO^ 
solution was added to one tube of the pair and 0 5 ml of watei added to the 
othei, the lattei seivmg as a blank Diazotization was allowed to pioceed 
foi five minutes befoie adding 0 5 ml of 2 pei cent ammonium sulfamate to 
both tubes and, aftei thiee minutes, 0 5 ml of 0 1 pei cent N-(l-Naphthyl)- 
ethvlenediamme dihydrochloiide ivas added to each tube The coloi was then 
allowed to develop m a daik place foi thiity minutes, aftei which the spectro- 
photometiic leadings weie made 

♦Heat is evolved when Hanej catalyst is added to the reaction mixture which will be 
only slightly warmed however if the cataU'^t is added slowly allowing several moments for 
the dissipation of heat between increments Room temperature reactions as used here imply 
such conditions 
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Additional studies neie also made to deteimiiie the effects of eitnte, 
Al"+, and Ni** on the coloiiiiietiie deteiimiiatioii and also iilietliei PABA might 
be absorbed on the catalyst 

Calculations — The amount of eoloi jiioduced was piacticallj identical 
if equnaleiit anioinits of P-IBA iveic lun thiougli the piocedure with seiaim 
but without catalyst — eithei hot oi cold oi foi a long or shoit time Vaiia 
tious from the mean ueie less than 0 2 pei cent, accouliiigly the aaeiage of 
these deteimniations uas chosen to lepicseiit 100 iiei cent eomiileteness of the 
leaction Equivalent amounts of PjVBA oi Caronamide often gave less in 
tense color in the piesenet of eataijst In these instances the recoveiy was 
calculated fiom the latio of the optical densities Deviations fiom the mean 
of duphcate deteimniations vveie usually less than 1 pel cent for either 
Caiouaniide oi PABA piovided the amount of catnljst was limited to 0 125 or 
0 25 gram 


RESULTS 

It was found that the completeness of lecoveiy of either Caionamide oi 
PABA was affected by the duiation of leaction, temperatui e, pieseuee of 
seiuiu and amount of cataljst The findings are summarized in Table I and 
pait of them is shown giaphieallj in Fig 1 The analjtical yield fiom the 
lULvtuies studied was supeiioi when the amount of catalyst was limited to 
0125 01 0 25 Gm this amount was sufficient for the complete cleavage of 
Caronamide Seium enhanced the degiee of lecoveiy In one instance in 


Table I Eecovety op p Auinobenzoic Acid and Cabonauide 


REACTION MIXTURE* 

5 0 MI/ OP 5% Naon and 

r\DA RECO\'ERED FROM 
REACTION MIXTURE (%) 

CARONAMIDE RECOVERED PROM 
REACTION MIXTURE {%) 

POOLED 1 

human] 

SERUM 
(UL) 1 

RANEY I 

catalastI 

ADDED ; 
(OM ) 1 

PABA I 

OR 1 

CARONAMIDE i 

(MEQ X 10 “) 

1 

I HOURS AT ROOM 

1 TEMPERATURE 

Va HR IN 
BOILINQ 

WATER 

HOURS AT ROOM 
TEMPERATURE 

Vi UR IN 
BOILING 

WATER 

2 1 

24 

1 48 1 

1 2 1 

24 

1 48 

05 

0 

580 

100 



100 

100 

0 

0 

0 

0 

05 

0125 

580 

99 



97 

96 

96 



94 

98 

05 

0 25 

580 

99 



86 

92 

97 



92 

91 

05 

05 

580 

88 

70 

OS 

75 

91 



71 

76 

05 

10 

580 

85 


53 

53 

92 



49 

72 

0 

0 

580 

98 



100 

97 

0 

0 

0 

0 

0 

0125 

580 

96 



83 

90 

93 



86 

92 

0 

0 25 

580 

88 


56 

71 

87 



64 

73 

0 

05 

580 

72 

46 

37 

49 

74 



48 

53 

0 

10 

580 

64 



35 

33 

70 



35 

42 

05 

0 

290 

100 





106 

0 

0 

0 

0 

05 

0125 

290 

100 



94 

101 

101 



84 

97 

05 

0 25 

290 

94 



77 

91 

94 



72 

85 

05 

05 

290 

88 

54 

53 

85 

70 

58 

55 

88 

ot 

05 

290 








66t 

_ 




0.5 

1 0 

290 

69 



25 

47 

60 



oo 

82 

0 

0 

290 

97 





96 

0 

0 

0 

0 

0 

0125 

290 

89 



66 

86 

91 

_ 

72 

86 

0 

0 25 

290 

72 


42 

59 

88 


40 

64 

0 

05 

290 

55 



25 

48 

53 

30 

27 

53 


1 0 

290 

46 

- 

11 

37 

48 

0 

11 

39 


Two drops of n octyl alcohol added prior to addition of Raney catalyst. 
tStarch present Instead of serum 
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which still eh was sustitutcd ioi scium, a “pioleclivo” eltccl was simihuly 
obscived Oplimiim iceovciics ivoie obtained at looin toinpeiatuio and 
with catalytic contact loi only two lioius 

Ceitnm iactois weie round to be of little oi no impoitance (1) the 
seuini itself was not altcied in the pioccdiiie so as to piodiice compounds 
absoibing light m the legion 540 ni/t, (2) the piesence oi citiate had no eftect, 
(3) the pll and total acid of the fdtiates piioi to dia/oti/ation wcie constant 
legal dless of the amount of catalyst, (4) Al*+'^ in amounts gieatei than those 
which might acciue fiom the catalyst did not mteiieie with the coloiimetuc 
icaction and Ni'*^ also had no effect, (5) caking of the catalyst when used m 
laigei amounts was piesent vaiiably but could not be cou elated specificullv 
with the lesiilts, and (6) the volume iisiiiped bj the catilyst ivas small and 
would 111 any case cause an ciioi tending to give falsclv high lecoveiies in e\ 
lieiinunts involving huge amounts of catalyst, which is contiaiy to the oh 
SCI vations 


onsi U\ AlIONS ON SI RUM 01- A DAllI'NT Kl Cl RING l ARONAMIDl 

Method 111 and method IT of Zicglci and Spiaguc- ind coitam modihca 
tions wcie applied to the scium ol a jiaticnt who was icicning huge doses of 
Caionanndc Alu|iiots ol a 1 10 dilution ol the patient’s scium in 5 pci eeiil 
NaOn wcie used loi a senes ol analyses and the amount oi catalyst was vaiied 
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fiom 0125 to 1 0 giam Reietioiis weic earned out at room temperature foi 
two houis, 01 111 a bath o£ boiling witei foi one half houi The lesultnig 
lenction iiiixtuies coiiespond to thobe iii Zicglei and bpngue’b method m, 
extended with icspect to eoiiditioiis of time, tempeiatuie, and amount of 
cataljbt Aiiothei factoi, mIucIi at fiibt bight might not be expected to affect 
the deteimiuation was also \aiicd this « is the total aoliime of the 1 10 
beruiiiNaOn solution in oonti<.t with the catalyst Studies weie made using 
5 ml of 5 pel cent NaOII (which eontimed 0 5 ml seiinii) in a leaetion flask 
of 50 ml aoliime, as had been done m the piceedmg section of this papei, and 
thej weio also caiiied out with 10 ml of 5 pel cent NaOH (which contained 

10 ml beiuni) in a 100 ml flask cbsentiallj the \olumes leconimended by 
Zieglei and Spiaguc 

In addition the seiinn was depiotemized with 90 per cent alcohol and 
filteied as m Zicglei and Spiague’s method II A 50 ml aliquot of the alco 
hollo filtiate, which lepiesented a 1 10 dilution of the scium was added to 
5 0 ml of 5 pel cent NaOII m a 50 ml flask and earned tluouch the pioceduie 
usuig \aiious amounts of oataljst cithei it loom terapeiatuie oi in a bath of 
boilnio watei 

liesults — The Caionannde eoncenti ations obtauied wath this serum aie 
shown in Table II It would appeal that the lesults obtained with method 

11 and its moilifleations oompaied fuoiablj with those obtained by Method 
III when the smallei \olumos weie used It should be boine in mind, how 
e\ei that the foi met \ allies maj he as much as 10 per cent in excess of the 
tiiie lalues because of the fact that duiing the filtiatioii some alcohol is lost 
by evapoiation and the solutions become coiiespondingly moie concentrated 
A moie complete eompaiison of these methods should include the effect of 
serum added to the leacfion mixtiuc but such a eompaiison is not possible 
because of the piesence of the alcohol following depioteinization 

Diffeienccs weie obseieed in the analytical lesiilts when solutions weie 
compaied which had similai eoncenti atioiis but diffeied in the latio of lohime 
of solution to the amount of cataljst Picsumablj the reaction occurs at the 
suiface of the catalyst and its completion may be determined by a number of 


T iBLE II Results of Catox \mide Deterhixatiovs Done m thf Methods of Ziegler 
AND SIRACUE2 AND MODIFICATIONS OX Sl-Rl M OBTAINED FROSI I 
PlTIL^T KECEIlIXa TUE DFUG 


VMOUNT 

METHOD III AND MODIFIC\ 
TIONS l-SINO 0 5 ML 
SLllUit AND 6 0 ML. 

NaOII IN 50 ML tL*\Sl 

METHOD HI AND MODIFICA . 

TIONS t SING 1 0 ML 1 
SERUM AND 10 0 ML 5% 
N'lOII IN 100 ML FLuVSK 

METHOD II \ND \10UIHCV 
TIONS USING 0 6 MI 
SCPUM DLIROTEIMZLD 
WITH 5 0 ML 90% ALCO 
HOL VND ADDING o 0 ML 
N-tOH IN 50 ML, FLASKt 

OF 

ROOM 

DOILINO 

ROOM 

BOILING 

rOOM 

BOILING 

CAT\L\ST 

TEMPERATURE 

\\ \TLr 

TEMI ERATUKE 

W ITER 

TEMPER VTL RE 

MATER 

(OM ) 

(2 HR ) 

( U uu ) ' 

(2 HR ) 

(’/ HE ) 

(2 HR ) 

(Uj HR ) 

0 1.5 

34 

ii 

-1 

20 

-8 

33 

0 2a 

35 

33 

Iw 

33 

31 

33 

Oa 

34 

28 

13 

2i) 

33 

32 

10 

32 

-4 

33 

28 

32 

30 


Ml \ilucs are In milligrams per 100 milliliters, 
f , tCvaporatlon of alcohol during filtration and the resulting Increase in the concentration 
OI inc solutions maj account for as much as 10 per cent of these values 
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factois involving the sniface aiea in addition to the eoneentiations in the 
oveiljmg solution Boiling selves to stn the niixtuies, and it is possible that 
mixtuies of laigei volume at looin tempeiatuie do not adequately mix when 
only 0 125 Gm catalyst is added and gas evolution is cm tailed 

In these experiments, which employed seium fioni a patient leceiving 
Caionaniide, the lesults weie not so cleai-cut as those obtained -with the use 
of standaid solutions of the chemicals This may be due to the piesence of 
metabolic pioducts of Caionaniide The method of Biodie, Levy, and Bern 
stein,-' which employs spectiophotometiie measiii ements in the ultiaviolet, 
was not used hei e This method is said to detei mine Cai onamide but not its 
metabolic pioducts and its use may elaiify some ot the disci epaneies 

COJniENTS 

These studies eonfiim the usefulness of Raney catalyst alloy as a basis 
f 01 the detei mination of Cai onamide It is desii ed only to emphasize some of 
the vaiiables which may influence the leaction and the accuiaey of the results 
EekeiG has obseived that PABA is not fully lecoveiable fioni mixtuies 
contauiing a i educing agent He noted that the loss of PAHA could be neaily 
15 pel cent in one houi when titanoiis chloiide ivas piesent as a leducuig 
agent, and that such mixtuies, when heated in a bath of boiling watei and 
then allowed to stand a few houis, sometimes yielded veiy low lecoveiies 
Eckeit also eonsideied copieeipitation of PABA with piotein to be a possible 
explanation but concluded that it was piobably not significant since vaiiation 
of the piotein concentiation ovei wide langes had little effect 

It was shown heie that, in the piesence of Raney catalyst, PABA Avas 
lecoveiable to vaiyiiig degiees depending on the expeiimental cii cumstances 
AVhethei this loss is due to the paitial destiiiction of PABA, oi to adsoiption 
on the sniface of the cataljst, is not eeitain An attempt Avas made to leach 
the “lost” PABA fiom the catalyst, and this Avas unsuccessful 

The failuie to lecovei Caionaniide in full may be due either to its le 
lationship to PABA oi to factois peciiliai to Cai onamide itself Some of the 
possibilities Avliieh suggest themselves aie the foimation of compounds othei 
than PABA upon i eduction, oi adsoiption of Caionaniide itself, oi compet- 
ing lates of 1 eduction, destiiiction and adsoiption of the leagents These 
details need claiification 

It Avas shoAvn heie that the analytical lecoveiy of PABA oi Caionaniide 
fiom knoAvn mixtuies of these chemicals can be made bettei than 90 pei cent 
It IS necessaiy only to limit the amount of catalyst employed, and to cany 
out the leaetion at loom teinpei atni e foi a shoit time The piesence of seium 
enhances the lecoA'eiy 

The mixtnies employed coiiesponded in the total amounts and coucentia 
tions of PABA oi Caionaniide to those eiistomaiily pioduced dining a loutme 
analysis of seium samples fiom patients accoidmg to Zieglei and Spiague s 
methods 'When the method Avhich Avas found to Avoik best on the synthetic 
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mivtuies ^vas applied to the analysis of a seium sample from a patient receii 
mg Caroiiamide, the compaiatiie results weie someuhat less coniincing It 
appeals lionevei, that the gieatest >ield «as obtained nhen the leaction was 
earned out at loom temperatuie and with the smallei amounts of cataljst 
111 the smallei aolume 

On the basis of the piesent findings the follomng modification of Zieglei 
and Sprague’s method toi seium Caionamide determination is suggested 

^Vn aceui ate 0 5 ml sample of serum is diluted u itli 5 ml of 5 
per cent NaOH (oi a 5 ml aliquot of 1 10 serum 5 pel cent NaOH 
solution IS used) 2 diops of noctjl alcohol aie added and then 
0125 01 0 25 Gin of the Ranej catalyst Aftei standing two houis 
at room temperature the mixtuic is diluted to 50 ml nith natei, 
fllteied, and conjugated in the usual fashion 

Eien small \aiiations from the method as stated affect the determuiations 
Corapaiisons of one method 'vvith another oi with its modifications, should he 
ei aluated with this in mind 

SUMM VR\ 

1 The analytical method of Zieglei and Sprague foi the colorinietiio de 
termination of Caionamide togethei with modifications has been used for 
analjsis of known solutions of Caionamide and para anunobenzoic acid and 
for seium from a patient receimng Caionamide 

2 The duration of the reaction the tempeiature at nhieh it is carried out, 
the amount of catalyst and the pi esence of seniin all were found to mfluenee 
markedly the degree of recoiciy of Caiouanude oi para aminobenzoic acid 

3 Becoieries ncie better in general when the reaction ms earned out 
with serum present at room temperature for two hours and ivith a smaller 
amount of cataljst than has hitheito been recommended 

4 A modification of Zieglei and Sprague s method for serum Caronamide 
determination is suggested on the basis of these findings 
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DIMETHYLETHER OP d-TUBOCURARINE IODIDE 

Edward E Sw vnson, B S , Francis G Henderson, SI D , 

AND K K Chen, SI D , Ph D 
Indianapolis, Ind 

D ISIETIIYLETHER of d tubocuiaime iodide is the leaction pioduct of 
methjl iodide ■with d-tuloocuraiine in methanol potash It involves the 
methylation of the two phenolic hydioxyl gioups and an eveliange of iodine 
foi chloiine ions The conipoiind was fiist piepaied by Knig^ Seveial in- 
vestigatois^ “ lepoited that the methylated eompoiuid was consideiabl}’’ more 
active than the natiiial alkaloid, (Z-tubocuiaiine Stoelting, Cliat, and Vieiia^ 
found that in man dmiethjdethei of (7-tiiboeui ai me iodide was highly effective 
in relaxing voluntaiv muscles duiing light anesthesia, and tliat the lequiied 
dose was much smallei than that of d-tnbocuiainie It thus becomes desirable 
to extend the phainiaeologie studies with the metlnlatcd alkaloid in oidei to 
survey its full action and iiisuie its safeti for human use 

The sample of dimethi lethei of d-tnbocuiaiinc iodide employed in the 
present woik was aii-diied and in the toim of tiihjdiate, melted at 267 to 
270° C with decomposition, and had a specific rotation of [a]j) + 150° ni 
aciueous solution The substance was easih soluble in water A stock solution 
of 1 1,000 was piepaied, and suitable dilutions weie made from it Wheievei 
possible, the diiig was eompaied with fZ-tubocuinime ehloiide m the form of 
pentahvdiate 

1 Neiu omuscidai Action — Dimethylethei of cZ-tubocuiaiine was tested 
for its cuiaiizing effect in the cat and lat Ceitain suggestions of procedure 
were made by Professor G II Aehcsoii, Uiiueisiti of Cincinnati, based on Van 
Maanen’s publication® Biiefly, after the animal yas anesthetized vitli Seconal 
Sodium (Lilly) (sodium piopi Imethylcaibinylallyl barbituric acid), the gas 
tiocnemiiis muscle was exposed, and the tendo calcaneus (Achilles tendon) 
seyeied from its insertion The sciatic nei\e was isolated in the thigh and 
ciushed at the site of eiiieigenee from the yeitebial column All its branches 
were cut except those supplying the gastiocneiniiis muscle The slan was sewed 
together to pieyent drying 

Poi lecoidmg of contractions, a hook was inserted in the tendo calcaneus 
and fastened to an isotonic muscle lever A shielded platinum electrode was 
placed on the sciatic nei\e just distal to the point of crushing In the lat, a 
single stimulus of 50 volts from a stimulator (Electiodjuie) caused a maximal 
contraction This could be repeated every two seconds in each animal for long 
periods of time In the cat, it required shocks of 50 volts at a rate of fifty per 
second for tivo seconds to produce a maximal, smooth, sustained eoiiti action 
This could be repeated eyeiy thirty seconds in each cat foi intervals of 
several hours 

Prom the Lilly Research Laboratories Ell Lillj iS. Company 
Received for publication Dec 1 1948 
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Aftei a contiol peiiod of lepeated stimulation, lesulting m a senes of 
iiiiifoim coiiti actions, the inethjHtcd ilkaloid iias injected inti ai enously 
Obseiiations iveie continued until lecoiery occiiiied In seieial annuals, the 
injections Mere repeated fioin one to tliice times The panlyzing action of the 
diniethylcthei is exactli the same as thit of d tuhocurariiie, differing only m 
degree In si\ lats, the iicM alkaloid complcttij inhibited the eonti actions in 
‘ the dose of 2-1 fig pei kilogiam leduced the contraetions hj 7G to 91 pei cent 
in the dose of IG to 20 /ig per kilogram, and by 28 to 72 pei cent in the dose of 
14 ng per kilogiaui The diiiation of action of all doses was approMiiiatelj the 
same, aieragnio thiitj thiec minutes “With d tubocuiaiine thloiide in si\ 
other rats, complete inlubition of contrictions occuired Mitli a dose of 112 to 
128 (ig per Inlograni and leduetions to the extent of 24 to 28 per cent Math a 
dose of G4 to 9G jig pei kilogiam The aaciage duiation of action of these doses 
was thiityfiie minutes No effect uas noted in sniallei doses Thus as 
preiiouslj lepoited “ the mctinlatcd alkaloid is niiicli nioie potent than tlie 
natural alkaloid 

Siu oats leoemng the dimethj lethei iii doses langing fiom 20 to 24 /ig pei 
kilogram showed a niaMmal icdiietioii of 81 per cent in the amplitude of con 
tractions One of them died fiom the laigei dose in eleven niinutes The 
aieiage duiation of action in tlic leniaiiiing five eats Mas si\ti tMo minutes A 
dose of 10 /ig per lulogiam Mas iiieftectivc It Mas not possible to produce com 
ploto inhibition of eontiaotions Mithoiit causing death In seven othei oats 
d tubocuiaiine chloiide in the dose of 100 to 174 /ig pei kilogram caused on 
the avoiage, a mavinial reduction of eontiactions bv 70 pel cent Tmo of the 
cats died of respiratoij failure The average duiation of action in the siiiviving 
animals was fortj three minutes Fi^ 1 coiitiasts the effects of the two sub 
stances It appears that ru the cat the mctlivlated alkaloid is not only more 
potent than d tubocuiaiine, but also longei actmg 

Gaieia de Jalon” leported that d tubocuiarinc chloiide, quantitatively, 
antagonized the acetj loholme contractuic of the frogs rectus abdominis A 
similar study was made vnth dimethylether of d tubocurarme in the present 
work The rectus muscle of Sana piptens vvas immersed in a volume of 10 c c of 
aerated Einger’s solution, and its contractions were registered on a kyiiiogiaphic 
paper Acetylchobne amounting to 5 /ig was added to the bath every ten 
minutes and vv ashed out twice each time at the end of the fifth minute This re 
suited m a senes of uniform maximal eontiactions 'When various volumes of a 
0 0001 molar solution of the methylated alkaloid vv ere placed in the bath one and 
one half minutes befoi e the scheduled doses of acetj Ichohne, the amplitude of 
contractions became reduced The icduetion of acetj Ichohne contractions was 
piopoitional to the amount of the drag superimposed A comparison was made 
with d tubocuiaiine also in 0 0001 molai solution on the same muscle prepara 
tions bj alternating with the diinetliv lethci In a total of tweiitv eight paiallel 
obseivations, dimethv lether of d tuboeiuaime was pioved to be cqiiallv as 
active as d tubocurarme Appaicntlv mole for mole d tubocuiaiine and its 
dimethj lethei have the same povvei to inhibit the acetj Ichohne conti action of 
the frog’s rectus muscle 
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Fig 1 — Action of dimethjlether of d-tubocuranne iodide and d-tubocurarine chloride on 
the gastrocnemius sciatic nerve preparation 

The tracings uere made from a cat rveighing 3 647 kilograms anesthetized Mith Seconal 
Sodium (35 mg per kilogram) The curves from top to bottom are respiratorj movements 
gastrocnemius contractions carotid blood pressure baseline and time in minutes The sciatic 
ner\e suppljing the gastrocnemius muscle i\as stimulated every thirty seconds (see details 
in the text) Both alkaloids were injected intravenouslj The time for full recover! of 
gastrocnemius contractions following dimethylether of d-tubocurarine iodide was 78 minutes 
and that following d-tubocurarlne chloride 30 minutes 


2 Assay in Rahhits — Like d-tiibociiiaime, the dimethyl-ethei pioduces a 
head diop of the labbit by paialysis of the neck mnscles The lesponse of this 
animal is so unifoim that it can be used advantageously foi assaying puiposes, 
as aheady advocated by Bennett and co-woikeis^® By iiinnmg a cioss over 
test in a gioup of thiitv labbits, diniethylethei of (Z-tnbocuiaiine iodide, mjected 
intiavenonsly, was found to be almost eight times as active as (Z-tubocuiarine 
chloride, as measured by the median effective dose (BD 50 ) The lest peiiod be- 
tween the days of injection was five days The combined data aie shoivn m 
Table I Two separate, new lots of the dimethylethei weie assayed and found 
to have EDso’s of 15 9 ± 1 4 and 16 6 ± 1 2 /izg pei lalogiam, indicating the iini- 
foimitv of the pioduct 

Since a dose of 20 yg of dimethylethei of cZ-tubocuiaiine iodide pioduced 
the same lesponse as one of 150 /xg of d-tubocurarine chloiide, pei lalogiam (see 
Table I), a special cioss-over test was earned out ivith the same doses in an- 
other gioup of twenty labbits, foi the compaiison of onset and diiiation of 


Table I CompiVRIson op Potency by Intravenous Injection Between d Tobocurarine 
AND Its Dimethylether by the E abbit Cross Over Test 


VIxKALOID 

DOSE 

( fiG PFR KG ) 

KO IN HEAD DROP 

NO USED 

MEDIAN EFFECTIVE 
DOSE ± STANDARD 
ERROR 

C/lG PER KG ) 

Dimethylether of d tubo 

15 0 

4/10 

15 8 ± 0 S 

curarme iodide 

17 5 

7/10 



20 0 

9/10 


d Tubocurarine chloride 


2/10 

123 0 ± 7 0 


125 0 

4/10 




9/10 
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icUon A stop watch Mas emplojed 'With the methjlated alkaloid, 20 ng per 
Mognm hj vein, the avciage time lequired for the appearance of head diop Mas 
1 02 minutes, and that for icstoiatioii of the head position, 18 25 minutes 
With d tiihocmaiine, 150 /ig pei kilogram mtiaienouslj it took an avenge of 
1 75 imnutes foi the head to diop, and an aaciage of 13 minutes for the animal 
to raise the head again It appeals caident that m the rabbit the methylated 
alkaloid has a shorter onset, hut a longei dmation, of action than d tuhocurarine 
3 Decui anzation — Burke and associates" recently lepoited the antidotal 
action of ueostigmuie against d tubocmaiine In oui MOik, neostigmine 
methjlsulfate Mas found to haae a Inmted value Foi evample, the median 
lethal dose (LDjo) of dimethvlethei of d tubocuiaiino iodide in twentj five 
rabbits bj vein was 31 5 + 1 /xg per kilogiam When neostigmine methj Isulfate 
in the dose of 50 pg per lalogiani was simultaneous!) injected also h) vein the 
LDjo of the nieth)lated alkaloid ni foil) iieii rabbits was raised to 53 5 ± 1 9 pg 
per kilogiam Hoiiever, Mhen the same dose of neostigmine was given three 
mmutes after the iii]eetion of duiicthv letliei of d tuhociiiaiane iodide in a third 
croup of fifteen rabbits the LDso of the lattci became 38 1 ± 1 6 pg pei kilogram 
III other Molds, the antidotal action of neostigmine rapidl) diminishes aftei the 
methjlated alkaloid has been adiniiiistcrcd 

Fuither evidence was obtained legardmg the nariovv efficacy of neo 
stigmino 111 si\ etheiized dogs The depiession of respiratoiv amphtude and 
rate following small doses of dimethvlethei of d tubociuaruie iodide, 5 to 10 pg 
pel kilogiam was easilv removed by iiitiavcnous injection of neostignune 
iiietlij Isulfate m tlie dose of 50 to 100 pg pel kilogiam The latter however was 
only capable of delay mg death iii the ctheiazed dog if the dose of the eiiraii 
form alkaloid was increased to 20 pg pel kilogiam oi more 

The most effective measuie to revive dogs fiom large and fatal doses of 
diniethjlether of d tiihocuiaiane iodide was aitificial respiration It restored 
their lespiiation aftei neostigmine had failed The woik was lepeated with 
equivalent doses of d tiibocuraruie and snnilai results were obtained 

I Sijnergtsm With Anesthetics — Of seven dogs anesthetized with ether 
tliiee died following intiavenous mjcctiou of diniethjlether of d tiiboeunrine 
iodide in the dose of 20 to 25 pg per 1 ilogram and four surviv ed a dose of I 
to 8 pg per kilogram Of five dogs anesthetized with pentobarbital sodium, 
three died with doses of 60 to 65 pg pei kilogiam while the lemaining two 
lived with smallei doses No aitificial lespuation was applied to any of these 
aiumals When the diug was injected intiavcnouslj into foiii iionanestlietized 
dogs two on a dose of 75 pg pei kilogiam lived without aitificial respiration 
and one of the other two on a dose of 100 pg pel kilogiam lived with aitificial 
lespiration It was also ohseived in two cats and two lats that a supple 
mentar) dose of a haibituiate equal to one tenth of the anestlietio dose given 
dunng eurarization b) the diniethjlether was fatal to all of them These results 
indicate very clearlj that simultaneous adiiniustration of the lived anesthetics 
and diiuethyletliev of d tuhocuraiuic kills animals m smallei doses than when 
each IS injected alone 
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In a similai senes of eight dogs, foui anesthetized with ethei and foui with 
pentobaibital sodium, d-tuboeniaime was lethal in smallei amounts to them 
than to nonanesthetized animals Such a sjneigism is conceivable because when 
the lespiiatoiy centei is depiessed by the gencial anesthetics, the muscles of 
respiiation tend to fail moie leadil’v with cuiaiizing dings such as d-tiibocuiai 
me and its dimethjdethei 

5 Action on Respiiation, Blood Piessuie, Uteius, and Intestines — In both 
the anesthetized cat and dog, snblethal doses of dnnethylethei of d-tubocuiaiiiie 
caused a tiansient deciease of icspiiation, both in amplitude and late — ^the 
laigei the dose, the moie the deciease The deciease m amplitude is cleaily 
illustiated in Fig 1 

The lesponse of blood piessuie was not unifoim, as shoivn in si\ cats and 
foui teen dogs In geneial, doses of 5 to 10 yiig pei kilogiam weie ivithoiit effect 
Occasionally, doses of 20 to 24 yug pei kilogiam weie followed by a use of blood 
piessuie, paitieiilaih m those animals m which the initial piessuie was low 
A teiminal fall of piessuie ending in death occuiied ivith lethal doses — some 
tunes pieceded by a slight use 

The uteiine activity of eight, post paitiim, anesthetized labbits was 
lecoided thiough a pullej It was obseived that dnnethylethei of d-tubo 
cuiaiine iodide in the dose of 10 to 20 jug pei kilogiam pioduced a slight to 
modeiate iiiciease of uteiine eontiactions in foui animals, no effect m tliiee, 
and questionable lelaxation in one 

Thiee obseiyations weie made on the slnn-coyeied intestinal loops of two 
tiained dogs, the opeiative teelmiqiie of which Avas desciibed by Wakiiii and 
Mason Intiayenous mjection of the methylated alkaloid, 10 to 15 jug pel 
kilogiam, caused no changes m peiistaltic nioAmments 

6 Toxicity — The median lethal doses of dimethj lethei of (Z-tnboeuiaime 
Aveie detei mined by intiavenous injection in the mouse, lat, guinea pig, and 
labbit — compaiisons being made at the same time Avitli d-tiibociiiaiiue Death 
Avas unqiiestionabh^ due to lespiiatoiy failuie, pieceded bA^ asphyxial clonic 
convulsions As shoAvn in Table II, the methylated alkaloid is less toxic to the 
mouse, but moie toxic to the lat, guinea pig, and labbit, than d-tubociiiaiine 


Table II Coaipakison of Toxicity by Intbaaenous Injection Between d TuBOCumvRiNE 

jVnd Its Dimethalether 


ALKiVLOID 

ANIMVIi 

l^UMBEP USED 

DOSE RANGE 
(juG PER RG ) 

LD a ± STANDARD 
ERKOB 

(/J.a PER EG ) 

Dimethjlether of d tubo 

Mouse 

60 

180 0 330 0 

238 0 ± 13 0 

curarine iodide 

Kat 

28 

27 5 50 0 

34 5 ± 17 


Gumea pie: 

22 

50 0 62 0 

50 4 ± 2 3 


Babbit 

25 

27 5 36 5 

31 5 ± 10 

d Tubocurunue chloride 

Mouse 

50 

125 0 200 0 

153 0 ± 5 0 


Bat 

24 

80 0 125 0 

109 0 ± 5 0 


Guinea pig 

15 

62 0 80 0 

65 7 ± 3 5 


Babbit 

15 

200 0 250 0 

221 0 ± 10 0 
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A group of eight lahbits «eic e-ieh injeeted mtra^ciioiish nith an ED „ foi 
head drop pci day foi tiio 'Kecks except Saturday and Suiidai Tho neck 
jiuiscIki of ail aninvals Meie panijzcd Kith complete lecovcrj, shoeing no 
del elopment of tolennee Tho du follonmg the tenth dose, each rabbit iias 
gnen a dose of 36 5 nt, pei kilognin Six out of eight succumbed — fuither 
evidence of no toleiance At nceiopsi visceral oi^aiis including the heart, 
lungs liver spleen stomach intestines, 1 idiicvs thvnius and adieiial glands, 
vieic found noinnl both giosslv and mieioscopieallv 


DISCUSSION 

Prom the foregoing dita viliich agicc with those of Collier, Pans and 
Woolf® it IS obvious tliat dimetbvletlici of d tubociiiaiine iodide, like its paient 
ilksloid, has a blocking effect on the niotoi end plate of stiiated nniscles of the 
rat and cat It leduccs the conliaetion of the fiog s ahdominn! muscle induced 
hj acetvleholme Accoiding to ■iciicson ” such a blocking agent “picvcnls 
depoloiizafion of acofvloholinc In eonipctitne inhibition ’ Dceuiaii/atioii b> 
neostiginiiie limited in extent is piobablv due to tlie piotection fiom indiohsts 
of tho acetv leholiiie produced In the motoi iicive 

The remaikablo feature of this pioduct is that inethvlatioii of tho two 
phenolic gioups of d tubocuriime as shown hclow losults in an mciease of 
potenov close to eightfold is nieisurcd hv the labbit head di op method — con 
fiiiiimg appioxiimtelv the losults of AVmterstemer and Diitchei,® and Afarsh 
and CO workers * ' 
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This IS not due to the ciiange of the nioleculai size because the latio betvreen 
dimethjletliei of d tiibocuiaiine iodide and d tubocuidiiiio chloiido is 1 2 to 1 
In the rabbit and cat, the duration of action of the methylated alkaloid is sub 
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stantially longei than that of cZ-tubocuiarine The English woikeis® also found 
the foimei longei acting in the labbit than the natiiial alkaloid They fuither 
observed that, in the lat, the dnnethylethei was completely excieted in urine, 
while cZ-tuboeuiaiine was paitially eliminated by the lenal loiite 

Prom a theiapeiitic point of view, dimethylether of d-tubociiiaiine iodide 
can adequately leplace d-tubocnraiine chloiine in anesthesia, as already lepoited 
by Stoeltmg, Graf, and Vieiia^ Its longei action in equivalent doses is an 
advantage Because of the sjmeigism between anesthetics and cuiaiizing agents, 
special caution must he exeicised in the simultaneous admmistiation of the two 
classes of dings In the tieatment o^f an oveidose of dimethylethei of d-tubo 
cuiarine iodide, aitificial lespiiation is fai moie leliable than neostigmine 
This IS also true with d-tiihocuiaiine 

SUaiJIARY 

1 Dimethylethei of d-tuboeiiiarine iodide inhibits electiically induced 
contractions of the gastrocnemius muscle of the rat and cat It reduces the 
effect of acetylchobne on the frog’s rectus muscle 

2 Compared with d-tuboeuiaiine chloiide, it is close to eight times as 
potent, the labbit head-diop method being used The diiiation of action is 
longei rvith the methylated product in the rabbit and cat than rvith d-tubo 
curarme 

3 The intravenous toxicity of dimethylethei of d-tuboemarme iodide by a 
single injection in the mouse, lat, guinea pig, and labbit, has been determmed 
and compared with d-tubocuraiine chlo'ride Repeated injections do not cause 
visceral damage 

4 Like d-tubocuiaime, the dimethylethei is synergistic rvith ether and 
baibituiates Artificial respiration is a superior antidote to neostigmme 
methylsulfate in the tieatment of over dosage This is also true rvith d-tubo- 
cuiaiine 

5 The response of arterial blood piessiiie nr the anesthetized cat or dog 
to sublethal doses of the dimethylethei, injected intravenously, is not mrifoim — 
sometimes no change and other times a drop oi a use A terminal faU of blood 
pressure occurs after lethal doses, secondary to lespiratoiy failure In the post- 
partum rabbit, the methylated alkaloid fiequently contracts the uterus m situ 
It has no action on the intestines of the trained dog 

The authors are indebted to Miss Marian H Ellabj, Dr Paul N Hams, and Messrs 
Clarence E Powell and Harold M Worth for their invaluable assistance on various oc 
casions 
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HEREDITARY ANGIONEUROTIC EDEMA, WITH A CASE REPORT 

JoHV M Sheldon, M D E Oskar Schreibek, M D ,t 
AND Robert G Lotcll, M D | 

Ann Arbor, Mich 

A ngioneurotic edema is a condition -nliich IS alaimino to the patient 
and baffling to the plnsician Piist deseiibcd by Milton^ in 1876 as “giant 
luticaiia,” the malady iisualh is called Qumcke’s edema aftei Hemiich Qum 
cke,^ the physician fiom Kiel His papei in 18S2 on “acute ciicumsciibecl 
edema” has been accepted by posteiity 

The majoiity of patients aie consistent in then stubborn failuie to lespond 
to the usual methods of tieatment, and piobably not ovei 50 pei cent of cases aie 
solved in legaid to etiologi" Cooke^ states that ivhen the mechanism is dis 
coveied, it frequently appeals to be lelated to a cm lent infection in some pait 
of the body, while Cohen'* suggests tliat many eases may be tiaced to diiig sen- 
sitivity Theie lemains, hoive'ei, that laige gioup in whom the cause is a 
mysteiy While the heieditaiy element in some cases of angioneuiotic edema 
was lecognized fiom the stait, a family lelationship is not the usual finding^ 
Most attacks occui in individuals who haye no family histoiv of edema oi ac- 
companying peisonal alleigic manifestations Lennon** neycitheless called 
attention to ten patients, all yvomen, m y\hom he found fiequently associated 
histones of asthma, hay fevei, oi inigiame Theie is some unceitainty concein- 
ing its neuiotie oiigm, but the syvellmg fiequently may be tiaced to neuio 
pathic families ® 

We yvish to eonsidei the familial type cases yvhich, although a smallei group, 
seem to have paiticulaily seveie symptoms and yvhich aie pi one to develop glottic 
edema yvhich often leads to deatlU The outstanding lepoited cases ot heied 
itaiy angioneurotic edema aie well summaiized by^ Bulloch,® yvho leviewed the 
tyventy^-eight families desciibed in the liteiatuie by’^ 1909, and moie lecently by 
Cockayuie-* and Gates® Foi convenience, some of the papeis of inteiest yvill be 
levieyved heie Quincke s oiiginal yvoik,- in which he lepoited the syvelliiig 
in a man and tyvo of his childien, aleited latei clinicians to the heieditaiy pos 
sibility" Oslei ’s papei *” in 1888 outlined a family in yvhich tyventy'’ two cases of 
angioneuiotic edema piogiessed m a dominant mannei thiough five geneiatioiis 
yvith only one skip Eiisoi** published findings in 1904 fiom a family in yvhich 
tyventy membei's weie affected in foui geneiations (tyvelve male membeis, eight 
female membeis) Of these, twelve died fiom suffocation duiing an attack 
Five y'cais latei, Ensoi had collected foity’'-nine cases (tyventy -eight male pa- 
tients, tyventy-one female patients), in sin geneiations in yvhich the heiedity 
yvas foUoyving a dommant pattern, yvith one skip Cioyvdei and Cioyvder" in 191< 
desciibed tyventy-eight eases (fouiteeii men, fouiteen yvomen) wliitli passed 
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through five generations in a simple stiiet dominant fashion There were fifteen 
deatlis in this faniih due to glottic edema In 1920 Cameion' cited eight cases 
111 three generations in mIucIi thire menibei’s died of suffocation Dunlap and 
Leinon'^ nr 1929 pointed out elereii cases iii which the inheiitaiice was stiictlj 
doiiiinant thiorigli four gcneiatioiis I oekiMie” in 1933 colkcted the reports of 
thirty nine famihcs m which there were 257 cases of augioneuiotic edema Of 
these, twenty four families were described completcl} enough for him to estimate 
that the piopoition of affected to noun il member's, was 1S2 imohed to 206 iin 
invohed The se\ ratio of those, mtb the condition was about 1 5 men to 1 
woman 

eVSE REPORT 

Tlip higli mcidencc of death due to glottic edema is fair e\ideiice of therapeutic f iilure, 
and the f ict that the ei ict etiolog% and nicthanism of cougLmtal angioneurotic edema are 
still unknown justifies further ca o reports Our ca o is token from i f iniilj in which the 
Iiercditury form of angioneurotic edema was dtmonstiatcd in three and possiblj six members 
of the family, and in which the tr ut was pas-^cd through the gcncritions in a regular dominant 
pattern The patient was a 24 \ car old white man of Italian extraction and was first seen 
lu the allergy dime of the Umvcrsit^ Ilospitil on March 6 1910 He gave a history of 
tnn lent diCfu'ie awdlmgs which had occurred lutcrmittciitl) since tlie age of 7 The fre 
queucj of the attacl a varied from once in three weeks to daiJv occurrence Each bout lasted 
from one to three daj'« Common!) the fact throit arms and legs were mvoUed but lesions 
aho CH,tu<»ionallj uppeared on the trunk and genitalia The swellings were de«<cribcd as fre 
Huently following a blow to the alTecled area, although trauma was not a necc '?ar) antecedent 
The edematous areas were usuall) several inches in diameter diffu^cl) indurated and or) 
tliPmatous Subjcttivelj there was dtscnbtd a sense of tension in tlje '<itc involved 

Tn the past there also had been episodes of gaseous abdominal distention and eructation 
often associated with nausea and \omiting and usuallv occurring after meals Ho had 
experienced only the usual diildhood disc isos There was no history of allergic rlimitis 
asthma or eczema Vu appendectomy had been performed m March, lOlS, presumablj fol 
lowing one of the gastrointestinal episode^ The famil) history was of interest os outlined in 
Fig 1 

^Vhen the patient was first seen lu the allcrg) cbmc ho domonstiated diffuse swelling of 
the left upper arm and of the right knee The general physical examination revealed a 
Well dcielopcd and well nourished young man Blood pressure was 120/70, and pulse 60 A 
sebaceous cyst 0 5 by 1 0 cm was found behind tho loft ear Tho anterior portion of th« 
imsal septum was markedly deviated to tho left and moderate lymphoid hjperplasia was noted 
in. the nasopharynx The heart, lungs, and abdomen wore normal 

In April, 1046, study of the blood showed 13 3 Gni of liomoglobin per 100 C c 4 700 000 
red blood cells per cubic milUmeter, and 9 800 white blood cells per cubic millimeter with a 
differential count of 57 per cent neutroplules 2 per cent eosinoiilules 18 per cent small 
lymphocytes, 15 por cent large lymphocytes, and 8 per cent monocjtes Tho hematocrit was 
410, the mean corpuscular volume was 87, and tho sedimentation rate was 8 mm per hour 
(Wmtrobo method) Examination of the urine showed no abnormality A routine micro 
fiuorogram of the chest was read as normal and tlio blood Kahn serologic reaction for syphilis 
Was negative search for foci of infection during this Umo disclosed no CMdcnce of in 
fection of the mouth plmrjnx gall bladder, nasil accessor) smusc , or genitounnar) tract. 

The patient was skin tested with 126 allergenic materials. The prick tests were entirely 
negatue in reaction except for a questionable reaction to Endo house dust ami caddis fly On 
iQtradermal testing there was read a 4 plus reaction (wheal, pseudopod, and erythematous 
halo) to Endo house dust stock house dust, caddis fly, and mugwort V 3 plus reaction 
was recorded for orris root com smut quince seed, burweed marsh elder, wormwood, poplar, 
Willow pepper, and barley No correlation could be made between the clinical picture and the 
skin reactions 
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asthma, migraine, eczema, or uiticaiia The edema eneoimteied in the fii&t 
gioup geneially is moic se\eie It shows a moie legulai, nonskipping pattern 
of dominant inheiitance and gives least evidence of being assoeiated witli a 
hypei sensitive state, except foi physical factois, such as heat, eold, and tiaiima 
Gates'’ desciibes angioneuiotic edema as a veiy iiiegulai dominant condition 
as viewed by the geneticist The niheiitanee, he feels, is not leeessive, but 
lathei IS incomplete^ oi nregnlaily dominant Cockayne” suggests that the 
basic cause of the edema is piotein hypei sensitivity , pai ticulaily in patients with 
associated asthma and uiticaiia Pineman*-’ looks upon the condition as noiial 
leigic and pioposes that it is caused by physical and emotional exciting agents 
In oui ease we weie unable to point to any alleigie basis foi piecipitation of 
the attacks of edema The findings in the family eve aie lepoiting lead us to 
belieie that ve aie dealing yvith an example of a dominantly inlieiited classical 
foim of Quincke’s edema We previously instiueted the tyvo members (the 
patient and his sister, 1 1 -9 and 1 1-4) that the disorder -would be expected in half 
of then respective offspimg Onset of bouts ot edema may occur at any age, but 
usually appear before the age of 20 In this family, ages at first attack yvere 2, 
10, and 7 years, respectively {II-l, 11-4, 11-9) Edema of the gastrointestinal 
tract IS reported commonly and evidently oecuiied nr the patient {11-9), his 
sister {Il-i), and his lathei {I-l) As to whether the father never experienced 
subcutaneous swellings, or whether these occurred in early life and later yyeie 
replaced by abdominal attacks, we can only speculate, but both such clinical 
coui-ses have been described in eeitanr affected members of reported families 
When encountered without previous history of external swellings, a localized 
angioneurotic edema of the abdominal viscera has been mistaken frequently for 
appendicitis, cholecystitis, and other acute illnesses, and it is possible that such 
may have been the explanation for II-2’s operation However, evidence for 
involvement of angioneuiotic edema in this child and ms sister {II-3) must be 
regarded as questionable 

Biam and meningeal symptoms have been described nr cases of angio 
neurotic edema^® and this complication has been suspected of causing death 
m one membei of Halsted’s^' family, so there is basis for wondering if the 
cephalopathy described in our patient’s father {I-l) might not have been caused 
by cerebral edema Epistaxis w’as a frequent finding in Ensoi’s^^ family But 
the most striking features of classical Quincke’s disease are as we have said, the 
seventy of symptoms and the liiglr proportion of deaths which result from 
edema of the larynx and glottis In the family we studied, II-l undoubtedly 
succumbed in this way, and it seems ciuite likely that II-3 did likewise Proved 
cases of laijuigeal angioneurotic edema nr infants are recorded,^” and many 
suspicious cases are recounted nr other published families Cotter man”” has 
pointed out that of the 170 cases of Quincke’s disease contained nr the twenty- 
eight famihes reviewed by’ Bulloch, fifty -three deaths are recorded, of vvhicli 
thiity-six or 68 per cent were attributed to edema of the larynx The age at the 
time of suffocation is specified m twenty-four of these cases and the mean age 
is 34-1 year’s, with standard deviation 18 4 years With such an early’ average 
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age of death, it seems quite piobaUlc that some selection is operative against 
the gene foi Quiiichc s disease and that the condition should tend to disappeai 
But the incidcDco of the disease seems to be holding steadv and tlierefoie 
the supply of genes for QuinelvC s disease must be leplenished bv tbe piocess 
of mutation Consequciith Cotteimin advances the tliought piovohmg ques 
tion which was first suggested bv Cockavnc® which entei tains the theoi\ that 
a considoiable piopoition of the icpoited sporadic cases of angioneuiotie edema 
may be the recipients of mutations and thus ma> constitute the potential stait 
mg members of new fannlv lines of tins disease 

An mtciestmg additional discovci*) m oui patient’s familv was another 
rare hcreditarv tiait namoh blood gioup A,B The studv of this condition is 
coutmumg 

SUMMAKV 

Vngioiicurotio edema oi Qmnokc s cdtina usualK is not bcicditar> but 
theic IS a small gioup in which the condition is mhented and m which the tnit 
IS passed from one generation to tlu next in a dominant manner This gioup 
experiences icmarkabh sevoie svinptoins and death is not unusual during an 
attach A case is piesentcd from a famih in which the edema defimteh affected 
three and possibh tliie« additional memben of two gcneiations Tieatmenl 
with histamine mav have afforded some protection as long as it was adininistcied 
and Benadr>l given intravcnouslv as soon as svmptoms began mav have lessened 
tile seventy of attacks but no measuic was adequate m protecting the patient 
from a fatal attack of edema \t piesent we can ou]-\ speculate about the ap 
parentlj inherited daw which peimiH the outpouung of edema fluid with no 
obvious provocation 

The nutliors wish to acknowlodge the c:tten3uc coopcrvtjon of Dr C V Alexander of 
Kalannzoo for tho follow up on the patient s lustorj and of Dr Charles W Cottennan of the 
Univorsjt} of Michigan Heredity Clinic for the ^enetica investigation of the family involved 
and for his many helpful suggestjon** 
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PACTOES INFLUENCING THE PRODUCTION OP ANAPHYLAXIS 
IN GUINLA PIGS WITH WEAKLY ANTIGENIC PROTEIN 
HYDROLYSATES 

L AY Roth Ph D R IC Rich vrds AI D ind I JI Shepperd, B S 
North Chicvgo, III 

I NTRODUCTION of the concept of mtiavenous piotein alimentation, during 
conditions in nhicli tlie oial loute is temporal il> impiaetical or impossible, 
raised mail) questions m the field of applied and clinical phj siology One im 
portant problem was the question of potential antigenieit) of paitially h)dro 
lyzed piotems AVith the posaibilitj of lepeated and intermittent use of such 
materials in human beings, the elimination of aU antigenic characteristics 
becomes niipoitant if not impeiatiie because of the unpredictable dangers of 
sensitization and anaph)la\is 

Liidence is aiailable in tlie literatuie' * to indicate that relitnelv small 
peptide aggiegates may possess some degree of antigenicity In the acid liy 
diol)sis of proteins the occuirenco of such molceulai size is inevitable at some 
stage of the bieakdown In the case of fibiiu, which itself is antigenic,® ® ‘ the 
intermediate degiadation pioduets nia) be only weakly antigeme The antigens 
if present can be specific entities and ma) not pioduee antibodies that cross 
react with the paicnt niateiial oi \ice \eisa Such was observed in picliminary 
experiments attempting to test for the piesenee of antigens by emplo)ing an 
alkaline solution of fibun citliei as the sensitizing or shocking agent and using 
an acid partial h)drol)sato of fibiin as the corresponding material for shocking 
or sensitizing lespeetivel) No anaphylactic symptoms weie demonstrable noi 
were positive lesiilts obtained in similar experiments using blood plasma and 
fibrin hydrolysate reciprocaUy These lesults are smiilar to those obtained by 
Landsteiner with digested egg piotcuis," ' but differ from experiments with 
some enzymatic hydrolysates of sheep seium or casein in which the paient 
mateiial oi even skim milk may better be used for shockmg animals m instances 
of anaphylactic sensitivity induced by an antigeme hydiolysate The failure 
of fibiin to behave sunilaily made it necessary to use the hydiolysate itself when 
the latter was suspected of being antigenic 

Since several techniques cuiiently used in testing foi antigenicity of protein 
hydrolysates uniformly yielded negative oi veiy unsatisfactory results in the 
production of an anaphylactic state in guinea pigs, further experiments vveie 
conducted with a view to testing various piocedures when a hydrolysate of 
known antigenicity w as employed In the experiments to be described, (unless 
otherwise specified) all vveie conducted with the same material, an acid partial 
hydrolysate (5 per cent solution) of beef fibrin coiitainuig 30 per cent free 
ammo acid nitrogen and all shocking doses were admmistered via the doisal 
penile vein 
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The following methods were earned out (a) One intiaperitoneal in 3 ection 
of the 5 per cent solution containing the equivalent of 500 mg (diy weight) 
of mateiial was given to each of twelve- animals Tliiee weeks latei, the injection 
of a challenging dose containing 100 mg of the same mateiial failed to pioduce 
anaphj lactic symptoms in any of the animals (See Table I ) The unsatisfactory 
lesults attained by means of this simple but common pioceduie illustrate the 
difficulties involved in demonstrating antigenicity 

Table I Eppicvcy op Various Methods for Sensitization by a Weekly Antigemc 

Protein Hadrolysate 



NUMBER OF 
INJECTIONS 

AMOUNT* 
(MG ) 

INCUBATION 

period! 

(DAYS) 

NUMBER OP 

ANIMALS 

TESTED 

ANAPHY 

LACTIC 

REVCTIONS 

PER CENT 
SUCCESS 

T- 

Single injection 

500 

21 

12 

0 

0 

b 

3, at 2 day intervals 

250 

21 

8 

0 

0 

c 

3, at 5 day intervals 

250 

28 

19 

2 

11 

d 

6, at 2 to 3 day 
intervals 

200 

31 

92 

59 

64 


1 (booster) t 

200 

10 

72 

50 

70 

e 

1, alum ppt 

750$ 

21 

12 

0 

0 


1, alum ppt 

750 

28 

7 

3 

43 


1, alum ppt 

750 

31 

14 

5 

36 


1, alum ppt 

1,000 

31 

8 

5 

63 


1 (booster) 

200 

10 

8 

8 

100 


•Dry weight basis 
tAlter last Injection 

tGiven thirty-one days atter last sensitizing dose 
lAlum precipitate from 7S0 mg 


Table II Influence op Degree op Hadrolysis on Edlative Antigenicity 


LOT 

NUMBER 

FREE AMINO 
ACID NITROGEN 

(per cent) 

TOTAL GUINEA 

PIGS TESTED 

1 ANAPHA LACTIC REACTIONS 

NEGATIVE 

NONFATAL 

FATAL 

PER CENT 
POSITIVE 
REACTIONS 

I 

28 

13 

2 

8 

3 

85 

II 

35 

15 

11 

3 

1 

27 

in 

41 

15 

10 

4 

1 

33 

IV 

47 

15 

12 

3 

0 

20 

V 

55 

11 

11 

0 

0 

0 


(b) Three intiapeiitoueal injections, each containing 200 to 250 mg of 
material, were given at tivo day intervals to eight animals No anaphylactic 
results Aveie obtained Avhen the animals Aveic challenged after three Aveeks 
(Table I) An occasional, nonfatal reaction Avas observed, hoAvevei, after four 
or siv Aveelrs 

(c) Three intiaperitoneal injections, each containing 250 mg of material, 
Aveie giAen at five-day intervals to nineteen animals After four Aveeks, ana- 
phylactic reactions were demonstrable in only 11 per cent of the animals chal- 
lenged Avith 250 to 500 mg of material (Table I) 

(d) Ultimately, a procedure Avas devised which produced satisfactory 
sensitization in a much higher percentage of the animals Doses of 4 to 5 c e 
of the solution (200 to 250 mg of material) AA^ere injected intiaperitoneally 
into healtliA’' male guinea pigs (250 to 400 grams) six times during a tAVO-Aveek 
period The animals then were not used for at least thirty to thirty-one days 
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Poi shocking eneli aninnl was oliTllcngcd with doses of 3 to 12 c c (150 to 
GOO mg ) of the sensitizing iintiinl md it wis found necessarj to inject the 
test dose intiaienonslj at a i ite not less than 1 to 3 cc pei iiunute Injections 
of these loluincs iiiai he gneii leadih in the doisal penile lein as this loute 
penults the solution to he mtiodiicid at am dcsiied late, aioiding anesthesia, 
suxgery, oi the hazaid of eaidiac damage (In some esploiatorj cspeiiments 
tile duiatioii of infusion \ia the penile lein iias extended to thirty minutes oi 
nioie, uith lolumes up to 25 ec ) 

As mentioned iilien the mateiial was giieii at lates of 1 to 3 c c oi moie 
pci minute, fatal anaplijlaxis lesulted in some animals, and various dcgiees of 
shock simptoms weie cxhiliited in iionfital eases (Table I) If, however, the 
same amount of matciial was infused at 0 25 to 0 5 e e pci minute the incidence 
of anj sjniptoms was extienielv low and fatalities nevei occuired 

It should be noted that althoii',h volumes langiiig from 3 to 12 cc or 
more vveio oiveii to diffeicnt aniiii ils the onset of anaphylaxis as seen in rctio 
spcct invaiiablj occiinid with 3 ee oi less if the injection rate lemained 
constant The laigei amounts vvcic given only to assnie ouiselves tint the 
absonce of anaphj lactic svmiitoins was not due to insufficient mateiial Theie 
foie 111 lalci oxporimcnts 3 ee of solution weie iinifoimlj tniploved 

Wlieii animals weie tested aftci thiee to foui weeks lathei than aftei a 
full month, the peiceiitage of leactions was diminislicd and the sevciitj of those 
obseived was less From one gioiip of tweiitj guinea pigs sensitized as usual, 
thiee animals were taken at landom after twenty eight days of incubation and 
given a ohallenging dose of the antigenic hydrolysate Their reactions ranged 
fiom negative to only lumimal symptoms Two others tested three days later 
died of anaphylactic shock and in subsequent tests two thuds of the animals 
exhibited modeiate to seveie icactions This noticeable change in appaient 
sensitivity in tliioe days miglit be coincidental Howevei, it seemed expedient 
to set an aibitraiy thiity to tliirty one dav minimum incubation peiiod, and 
subsequent results seemed to justify waiting the few additional days 

Some vaiiations in sensitivity were encoiiuteied in diffeient gioups given 
the same antioCnic mateiial and certain animals (less than 20 pei cent on the 
average) weie lelativelv lesistant to sensitization uuJei iny conditions, a 
variability noted lepeatedly but commonly not so distinctly as with oiii antigenic 
mateiial Foi the most pait howevei sensitivity could bo established by the 
piocediirc already detailed and it could be mauituned oi even incieased by the 
nitrapeiitoiieal administiatioii of a booster dose Tlie same amount as the 
single dose deseiibed was given to any animals siiivivuig i test piocedure or 
remaining unused foi i period of time These annuals could be used again for 
testing aftei eight to fourteen days Some have been leiised in this mannei as 
often as twenty times with no significant deeieasc in sensitivity Adequate 
sensitivity of a gioiip was established each time by selecting lepieseiitatives at 
random and challeii„nig them with minim il amounts of material (0 5 to 1 5 c e ) 
sufficient to elicit anaphylactic symptoms vnthout causing deatli, so that these 
pilot individuals might be saved foi latci use 
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Table I summaiizes the lesults of the vaiious sensitizing schedules at- 
tempted It will be noted that most of them employ a total of 500 to 750 mg of 
mateiial, wheieas the successful technique just desciibed exceeds 1 6m total 
solids The alum piecipitation metliod (to be discussed latei) also showed as 
successful lesults only when a similaily laigei amount of total solids was used 
When guinea pigs weie sensitized with solutions which had been hydiolyzed 
foi longei times, the antigenic potency was piogiessively i educed, until a point 
was reached wheie sensitivity no longei could be demonstiated (see Table II) 
This had been shown eailiei in dogs by Sayhun and co-woikers® with an acid 
hydiolysate of casein With the fibiin hydrolysate, more than half of the nitro- 
gen was in the free amino acid form at this point, and the peptides still remain- 
ing apparently were essentially devoid of antigenic chaiacteiistics 

If, howevei, othei materials of appioximately the same degree of hydrolysis, 
which by themselves weie not found to be capable of sensitizing animals, weie 
then used as the challenging dose foi animals sensitized with the luiown anti- 
genic mateiial mentioned, anaphylactic reactions were occasionally encounteied 
This might imply that the challenging mateiial may contain substances which 
fail to produce antibodies, but which aie capable of reacting with the antibodies 
of adequately sensitized animals This inter pi etation is in accord with the 
findings of Landsteiuei on the demonstration of anaphylaxis by resorcinol diazo 
dyes that are by themselves not able to induce sensitization ® On the other hand, 
it IS possible that if the animals were given the mateiial a sufficient number of 
times, antibodies might be formed, although such a result could not be demon- 
strated with as many as nine injections of such material 

With other similar materials it was sometimes possible to find no anaphy- 
lactic symptoms when the challenging dose of 3 to 6 c c was given at 2 to 3 c c 
per minute, yet when other animals of the same group received the same amount 
of material at 6 c c per minute, anaphylactic reactions were occasionally elicited 
Partial despeciation of the parent material was demonstiated repeatedly, 
as might be expected from such a hydiolytic procedure Animals sensitized to 
a partial hydiolysate of beef fibrin would show anaphylactic reactions, ranging 
to fatal, when challenged with a paitial hvdiolysate of hog fibrin, and vice 
versa Howe\ei, some degree of specificity still remained, as was shown by 
sensitizing groups of animals with a niixtiue of beef and hog fibrin hydrolysates, 
each knouui to be antigenic Occasionally, after challenging such animals with 
one of the sensitizing agents, and allowing for the disappearance of shock symp- 
toms, the mjection of the other agent would elicit a second anaphylactic response, 
wheieas animals receiving a second injection of the original agent showed no 
further symptoms We interpreted the latter observation as sufficient evidence 
to rule out incomplete reactions 

In all the experiments described, results were cheeked by the mjection of 
the material rmdei parallel conditions into nonsensitized animals In no in- 
stance veie any symptoms noted which in any ivay resembled the anaphylactic 
responses obtamed in sensitized animals Conversely, injection of nonantigenic 
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nidtciial into animals Iviiown to be bcnsitized to the antigenic hvdroljsate like 
iMse elicited no aniiplij lactic cffeets In fact, ivitli either pioceduie usually 
nothing inoiL nas noted than would occur uitli the injection of the same aolnme 
of phjsiologio saline given at a similai latc 

Jlore recentlj , the technitme of alum piccipitation to enhance antigenicity 
has been tried To each 100 c c of antigenic hadroljsate (a 5 per cent solution) 
30 cc of 10 pel cent aqueous potissnim alum \seio added and sufficient NaOH 
was used to adjust the pH to 7 0 Aftci tliiit-y minutes with icpeated agitation, 
the mateiial was ctntiifiiged The supeuialant solution was either einploycd 
to resuspend the pieeipitate oi was discaided and more of the oiiginal hy 
drohsate solution was used instead Eailier gioiips lecened the pieeipitate 
intrapcritonealla {mth or without supeinatant fluid) fioin mateiial equualent 
to 750 Gin solids of paiont hcdioUsate Latei gioups received an amount 
equivalent to 1 Gin oi moie Results have vaiaed with some gioups showing 
a high proportion of sensitive animals while other gioups had a low incidence 
of sensitization As can be seen in Table I c, theie appeals to be some eorie 
lation with the amount of sensitizing mateiial 

Despite the reasoiiablj compaiable meideuce of anaphylactic leactions in 
the alum pieeipitate sensitized animals, the resulting palpable masses of un 
absorbed mateiial that leraained in the abdominal cavities of the guinea pigs 
lendered this method less desirable foi oui piuposes, partieulailj inasmuch as 
we wished to use the animals repeatedly ovei long peiiods of time In a few 
animals multiple adhesions and otliei evidence of irritation were noted in one 
there appealed to bo a steiile nceiosis On the othei hand, several bundled 
animals have iccoived the si\ dose injections of unaltered hydrolysate and none 
have been obseivcd to develop patbologic clniiges in the abdomen 

Sepaiate tests on the precipitate (ledissolved) and on the supeinatant 
solution fiom the alum pieeipitate method on other sensitized animals levealed 
that antigenic properties weie present in both 

It IS probable that the antigen of such piotein hydiolysates is not a single 
entity but its detection or isolation has not yet been accomplished Saturated 
trichloracetic acid precipitation tests are not sufficientlv sensitive, as anti 
genicity exists when no precipitate is present Ten per Cent picric acid piecipi 
tatiou also fails to differentiate, as an antigenic solution may give eithei a posi 
tive or negative test for precipitate Saturation with ammonium sulfate still 
fads to provide complete coi relation since a material may show haze oi preeipi 
tation by this test and yet not be demonstrably antigenic However in oui 
limited e\perience in no case was it iiossiblc to demonstrate antigenicity when 
haze or precipitation was absent 

DISCUSSION 

Many othei individual cNperimeiits too numeious and scattered to desciibe 
here serve to corioborate fiiithei the oteeiwations reported It is apparent 
that tliiee faetois, each necessary but not sufficient may be interdependent to 
determine the degiee of sensitivity demonstrable with weakly antigenic protem 
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hydiolysates The incubation peiiod was the fiist to be suspected, and extend- 
ing it beyond foiii weeks bi ought about some inciease in the incidence of shock 
symptoms The thiee-week peiiod usually used with stiong antigens was uni- 
formlj’^ insufficient 

The numhei of sensitizing injections is appaiently impoitant if the total 
mass of the antigenic moiet-\ is a lequisite in evoking antibody pioduction 
Fiom 0111 results it is not possible to state definitely whethei the antigenic hj'^- 
diolysates contain a small amount of a potent antigen oi a laigei amount of a 
weak antigen Honevei, m the expeiiments with the aluni-pi ecipitated mateiial 
shoving antigenieity both in the piecipitate and supernatant solution, the im- 
piession would be that we aie dealing possibly with multiple antigenic mateiials, 
all of which aie weak 

The speed of injection, when \aiied ovei a tenfold range, can be shown to 
have a significant influence on anaphylactic symptoms, whethei the antigen be 
weak 01 stiong, pioiided that the piopei lange is chosen This is piobably a 
mattei of conti oiling the late of antigen-antibody combination ivith its release 
of histamine and/oi othei substances lesponsible foi the anaphylactic symptoms 
When all factois aie operating at then optimal le\el, sensitivity may be demon- 
stiated moie consistently, wheieas a deficiency of any one of the factois will 
mateiially dimmish the incidence of shock leactions 

The evidence accumulated also emphasizes that the use of the converse 
pioceduie — namely, sensitizing with a hydiolysate to be tested for antigenicity 
and shocking with the known antigenic lot of digest — piesents two possible 
shortcomings The fiist is that some lots tried, as mentioned earliei, failed to 
sensitize animals and yet would produce shock in animals sensitized with the 
antigenic hydrolysate This means that antigenic potentialities might be missed 
by this method The second disadvantage is merely one of time, since the 
presence or absence of antigemc characteristics would not be known for at least 
SIX weeks, while the use of the technique described herein at length affords an 
immediate answer when a stock of animals sensitized to the antigenic product 
is contmuously available 

SUMMARY 

With weakly antigenic protein hydiolysates, at least three factois aie im- 
portant to insiue satisfactory demonstiation of anaphylaxis in guinea pigs 
These are a larger number of sensitizing injections, providing a gi eater total 
amount of material, a prolonged incubation period of at least one month, and 
a rate of intiavenous injection of about 2 cc per minute 

Antigenic substances produced from fibrin by acid hydiolysis may be pai- 
tially despeeiated and iiiaj^ not cioss-ieact with the parent mateiial They also 
are destroyed ultimately bv fuithei hydiohsis, before the breakdown into amino 
acids IS complete 

Related materials from different species may have both common antigens 
and at the same time specific antigens 

The luthors uisU to icknow ledge with appreciation the suggestions ind construetiie 
criticism received from Dr M W Chase during the course of these experiments 
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STUDIES OF AGGLUTINATION AND INHIBITION 
IN TWO LEWIS ANTIBODIES 


0 J Brendemoen, ilD 
Oslo, Norway 

L ewis antibodies oiiginallv weie deseiibed by Mom ant, ^ who found two 0 
j seiums containing an identical antibody which agglutinated a previously 
unlviiown blood type Both serums oiigmated fiom women having home chil- 
dien suspected of having eiythioblastosis fetalis In one case seium from the 
inothei agglutinated cells fiom the child, wheieas in the othei case no agglutin- 
ation oeeuried In one ease the woman’s serum agglutinated cells from the 
husband, Mi Lewis, thus the name In a senes of ninty-siv 0 blood specimens 
the Lewis agglutination was independent of the Rh, MN, P, Lutheian, and Kell 
types Of the iiinety-six 0 blood specimens, tiventy-foui weie Lewis positive, 
one doubtful positive A study of fifteen families showed that the Lewis type 
probably was a dominant heieditajy quality, though this was not statistically 
pioved 

On the other hand AndieseiP has studied the Lewis agglutination in 500 
adults of which 21 pei cent were Lewis positive Testing of children showed 
that abont 70 per cent of the infants were Lewis positive before the age of 6 
months The incidence decreased ivith age to about 21 per cent as found in 
adults, and at the age of 1 year was about the same as in adults Accoidnig to 
Andiesen the Lewis types of motheis and then children strongly indicated that 
the 21 per cent Lewis-positive adults lepiesented homozygotes of a possible 
Lewis-positive gene (L'L') , fuitheimoie that the abont 70 per cent Lewis-posi- 
tive infants represented homozygotes and hetei ozygotes (L'L' -i- L'l'), and that 
1' would become dominant to L' with increasing age 

MATERIALS 

The present investigations are mamly based upon two seiums, one of winch 
(An) by Andiesen has been ehaiacteiized as identical with Ins own anti-Lewis 
serum, but weaker, and by Moiiiant as a potent Lewis antibody The seiiim An 
originates from an AilMN ii patient, a bipaia whose children were healthy at 
biith The cells of the actual child, type A hlN ii, Coombs negative, weie not 
agglutinated by serum from the mother by any of the methods mentioned below 
The other serum, Ness, originates fiom an A^M RiR 2 patient, a bipaia 
whose children were healthy at birth The husband was 0 MN R,R 2 His cells 
behaved in seiuni Ness and serum An as a slightly Levis positive 

Seium An had an anti-B titei of 2048; cold agglutinin titei of 2, Lewis 
autibodj titei of 2 in saline medium, 8 in serum medium 

Seium Ness had an anti-B titei of 1024, cold agglutinin titei of 4, Lewis 
antibody titei of 4 in saline medium, 8 in seium medium 

From the State Institute of Public Health Serodiagnostic Department Chief Otto 
Hartmann 

Received for pubiication Sept 15 1948 
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Both anti B titeis weie lufthei than the uerage the cold agglutinin titeis 
weie a\erage \ allies m oui Innds 

The Lewis antibodj titeis haie been cheeked niicroscopically hj Kh tech 
nique against a 2 pei cent suspension of Lewis positive cells m saline and in 
serum medium respectneh (soium fiom a Lewis negative peraon) The ag- 
glutination was oiilj slightlv stion„ei at looiii temperature than at 37° C Both 
antibodies gave negative leactions bv Coombs’ test Pool and unreliable reac 
tions wtie obtained when ilbumm medium was used 

Relationship of the Two ‘^eimns to 0 and II Intibodies — tVlien the two 
serums were tested at +5° C a paiiagglutuiation was seen due to the cold ag 
glutinms It could not be demonstiatcd that this agglutination was strongei in 
A 2 and 0 blood specimens com paled with blood specimens Neitliei aftei 
absoiption of the serums with A,B cells could anj cold agglutination against 
A and 0 cells be demonstiatcd 

After SloigaiP the foimcrlv named anti 0 leagents maj be subdivuded into 
two groups 

1 The gioup of H antibodies, consistmg of the heteioantibodies Shigella 
goat immune and cattle uuti 0 leagents and an luiknown propoition of human 
anti 0 leagents The H anti bodies are stiongly active on 0 A aud A B cells, 
weakei and unreliablj ictive on B A, and AjB cells These antibodies are 
easily inhibited 111 human saliva independent of ABO genotjpe 

2 The gioup of 0 antibodies of human origin, which agglutinate a product 
of the 0 gene 111 the cells These antibodies are not inhibited by saliva 

Pour anti 0 leagents found in oui laboiatoij in seiums from piegnant 
women have according to this veo maikedlj diffeient behaviour in saliva 
inhibition tests been subdiv ided into two most probablj H antibodies and two 
most probablj 0 antibodies These antibodies agglutinate cells fiom Ness in the 
following manner 

Two 0 antibodies noiiabsorbcd + 

Two 0 antibodies absorbed with A,B cells + 

Two H antibodies nonabsorbed (+) 

Two H antibodies absoibed witli A,B cells - 

Since cells fiom Ness aie agglutinated by 0 and H antibodies sucli anti 
bodies cannot be present in hei serum 

Cells fiom An were not available foi these tests 

AjAj subdivision in the matciial below is perfoimed with a potent anti Ai, 
produced from an anti A sei um bj absoiptioii w ith A cells The Eh tj pes are 
tested with Eh antibodies not cent lining Lew is antibodies 

3IETH0US 

Besides the definitelj positive leaetions doubtful reactions alwajs were 
encouuteied in seium An at 37° C and at loom teraperatuie bj all methods 
emplojed (cells suspended in serum, eitiated plasma saline, dextiose saline) 
Because of this fact, tlie foUownig technique was used in a more evtensive 
series Cells from 0 and A clots (blood donors) about 24 hours old were 
suspended to about 1 pei cent in saline, centrifuged, and resuspended to about 
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1 pel cent in saline One chop of the cell suspension and 1 drop of seiuni iVn 
(anti-B not absoibed) weie nii\ed in a Rh tube, incubated foi two liouis at 
37° C , and lead miei oscopicallj^ on slides By this technicpie doubtful leactions 
geneially weie avoided 

In a series of 285 nonielated blood donois whose Aj, A„, 0, and sex dis- 
tiibution weie within noimal limits, 21 75 pei cent Lewis positive weie found 
by this techniciue, independent of MN and Rh tcpe, and in a smallei gioup also 
independent of P t^pe The agglutination, houevei, was not conipletelj inde- 
pendent of Ai, Ao, and 0 tjpe, as shown in Table I 


Tvble I 


\i MHEV INVESTirVTED 

Aa 

27 7% Lewis positive 

30 

Ai 

22 9% lewis positive 

100 

0 

19 1% I ewns positive 

140 

Total 

21 75% Lewis positive 

285 


* 

However, othei techinciues gave a highei frequency of Lewis positives A 
senes was tested at 37° C in paiallel with two difteient eoncentiations of cells 
1 pel cent washed suspension and 5 pei cent unwashed suspension of cells One 
diop of each concentiation was incubated foi two houivs with 1 diop seium An 
and then lead micioscopicallv, anv tiaee of agglutination being lecoided as 
positive The lesults obtained aie shown in Table II 


Table II 


NU'NtBFI 

1% SUSPENSION 

5% SUSPFVSIOU 




10 

+ 

+ 

Termed 

stronglj Lewis 

positive 

8 

- 

(+) 

Termed 

slightly Lewis 

positive 

29 

- 

— 

Termed 

Lewis negative 


The test gave the same results in cells fiom fiesh citiated blood as in cells 
fiom clotted blood stoied foi twenty-foui houis The same technique used at 
loom temperatuie on the same senes added some doubtful agglutinations in the 
5 pel cent suspension, but not in the 1 pei cent washed suspension In slightly 
Lewis-positive blood specimens also Coombs’ test was negative ^Vbsoiption senes 
consisting of a total of foity samples gave the results shown in Table III 


Table III 



SEIUM VN \BSORBED AT ROOM TEMPER \TURL 
■WITH i/i VOX CELLS OF TYPE 


STl ONGLY LEM IS 

POSITIVE 

SLIGHTLY LEWli, 

posnuE 

LEWIS NEOVTIVE 

Absorbed serum tested at room 
temperature against 5% sus 
pension of 

Strongly Lewis positive cells 


+ 

+ 

Slightly Lewis positive cells 

- 

- 

(+1 


Even seiums absoibed with eciual volume of slightly Lewis-positive cells 
agglutmated stionglj' Lewis-positive cells Howevei absorption tests vvith 
^ volume of cells weie not cjuite reliable as some of the strongly Lewis-positive 
blood specunens did not cause a complete absorption The seiums absorbed may 
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agglutinate slightlj when tcstid igaiast otliei stroiiglj Lewis positue hlood 
specimens 

Action on Cells From the Xeuborn (Flood Specimens From Umbilical 
Cords) —Our anti Lew is seiums lia\c been found to agglutinate these blood 
specimciLS, but serj slighth coiiipaied with blood fioiii adults which is con 
firmed b} Aiidresen ‘ 

Foi a closer examination of seiuiii An inhibition tests in saliei were 
attempted Ilowceei seium An olnioiish readiU deterioiateJ in saline Seiuni 
Ness was stable m saline Serum \n and seiiim Ness behaeed in the same was 
at 37° C, but not when a 5 per cent suspension of cells was used at loom 
temperature Serum Ness agglutinated weaKU moie samples than sciiini \n at 
room temperature 

Inhibition Technique ith Sciiim Vess — Samples of saliia rapidh col 
lected, were boiled for tweiiti fi\e minutes, centrifugated and some of them 
stored frozen for some da\s The satiea was diluted with saline (lolumes of 
0 2/1 8 c c ) as shown in the following senes 

1 Mo Moo M 000 Mo 000 

One drop of each of these dilutions was mixed witli 3 drops of seium Ness 
(anti B not absorbed) in Rh tubes and incubated for ten minutes at room 
temperature Two drops of each of these mixtures were then transferred to 
slides and mixed with 1 drop of a 1 per cent suspension of stronglj Lewns 
positne cells in saline The slides were placed m a moist chamber at room 
temperature and read after thirtj and sixty minutes The following were used 
as controls a 3 drops serum/1 drop saline mixture and a 3 drops serura/1 drop 
saliva mixture (undiluted saliva from female Lewis negative Lewis antibody 
producers) The number of positive reactions was not larger after sixty minutes 
than after thirty minutes 

Table IV Agolutinatiox Imubitiox Tests e. Sebum Ness With Svlivv Ffoii 40 Persoxs 
Whose Cells Abe Ciassified by XIeaxs of Sebum Ness \s Stboxoly Lewis Positive 
(Lewis +, 14 Individuals), Suoutlt Lewis Positive (Lewis (+), 3 In-dividuals) and 

I EWIS NETATIVE („2 INDIVIDU VL-S) 


SMIVV DILUTIONS 1 

[ SALIVA FEOII 

ho ivummov | 

1 

LFVVIS + 

PEI SONS 

j LEWIS (+) 

1 PERSONS 

LEins NEG 
PERSONS 



3 ! 

1 






3 

1 100 1 

1 10 

2 

2 

11 

1 10 

Undiluted 


1 

10 

No inhibition m undiluted saliva 



8 


Three Lc%\Is antibody producers 


Lewis j,roup specific inliibitioii m strums was in\ estimated in fift> lilood 
donors Tlie saliva uiliibition had been studied in most of these cases One drop 
of the serum to be in\estigated ^\as mixed mth 1 diop of serum Ness in an 
Rh tube, incubated for ten to fifteen minutes at loom temperature, transfeiied 
to slides, and tested as in the sain a inliibition test Bj thus method tlic a„ 
glutination \\as inhibited only in serums from stron^^lj Lewis positive m 
di\ iduals 
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The seium inhibition was tlien titiated in the following niannei To a 
senes containing iiici easing amounts of seium Ness in Eh tubes, 1 diop, 2 drops, 
3 diops and so on, ivas added 1 diop of the seium to be investigated The same 
technique as outlined vas used otheiwise Agglutination (no inhibition) -vaiied 
f 10111 one case to anothei fiom 3 to 7 diops of seium Ness As an aveiage, in- 
hibition occuiied by 3 Aolumes of antibody being added to 1 volume of seium, 
wheieas 4 volumes of antibody to 1 volume of seium caused agglutination Tlieie 
was no marked paiallelism between saliva and serum inhibition in the same 
individuals 

Relation to the B Gioup — After absoiption of anti-B in seium Ness with 
B Lewis-negative cells, tliiee oi sixteen B blood specimens weie found Lewis 
positne, thnteen Lewis negative 

Relation Between Cold Agglutination and Lewis Type — Seiunis obtained 
fiom ten donois containing cold agglutinins of medium stiength weie tested 
against panels of fifteen blood specimens of known Lewis type by the following 
technique 1 diop of a 3 pei cent suspension of cells was mixed with 2 diops of 
seium on slides and incubated at +5° 0 foi fifteen to thiity minutes No lela- 
tionship could be tiaced between the Lewis type and the intensity of the cold 
agglutination 

COMMENTS 

It is evident that the sain a of most peisons teimed Lewis negative contains 
Lewis-positive substances, which inhibit seium Ness The simplest explanation 
to this may be as follows Estimated by seium Ness, the eiythiocytes of most 
individuals teimed Lewis negatiie contain too small amounts of Lewis-positive 
substances to be tiaeed by seium Ness On the othei hand, sufficient amounts of 
Lewis-positive substances will be piesent in the secietions of the same individuals 
The phenomenon that mhibiting Lewis-positive substances can be traced m 
saline used foi washing of stiongh Lewis-positive cells, but not in saline used 
foi washmg of Lewis-negative cells fiom Lewis-positive secietois, can be ex- 
plained in the same way 

The deviation in Ai A^ 0 distiibiition as to the incidence of stiongly Lewis- 
positive individuals is statistically nonsignificant 

SUMMARY 

Two Lewis antibodies aie studied Among 285 individuals, 21 75 pei cent 
veie found Lewis positive Inhibition phenomena in seiums and saliva from 
about fifty individuals aie examined In seium mhibition tests, only Lewis- 
positive individuals presented a Lewis group specific inhibition in then seiums 
In saliva inhibition tests, forty-one of forty-nine saliva specimens piesented a 
Leivis gioup specific inhibition 
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THL OCCURRENCE OF 1 \LSb POSITIVE TRICHINA PRECIPITIN 
TESTS IN IM 1 f TIOUS "MONONUCLEOSIS 

FrvnkA Bvssen, aid Asms F Thomson AID, vnd Uvron SiLraR, AID 
Nfw a ork N a 

T he finding of a positue tiuhinn piccipitm test is not in itself sufficient to 
]ustif\ a diagnosis of tiichiiiasis but the fact that it often infliienees tlie 
obserici in fa\or of tins diagnosis cannot be denied It maj generalli be stated 
that iilien the test is made tlieie is some clinical oi liboiatoij endence that 
males this disease suspect Foi this leasoii a positiie report maj be con 
sidered, in addition to othei findings suffieient to justifj a diagnosis of 
trichinosis mtliout resorting to fiirthei tests In the final anahsis Iioueicr 
onlj a positiie muscle biopsi justifies a positue diagnosis It seems important 
therefore to repoit that in infectious moiioiiueleosis a disease notoiious foi its 
protean elnncal manifestations the tiiehma piecipitin test has been found posi 
tile in fault high titeis in settial instances In all these the test was ordcied 
because foi one reason oi anotiui tiieliinosis Mas eonsideied as a possible 
diagnosis The first two eases mIucIi aie lepoitcd in detail indicate how east it is 
to ho misled t\ hen undue emphasis is placed on this test 
Case 1 — 

History— A H a 21\o'iroI<l student nurse was admitted to tlio Ivurses Infirraarj 
on Feb 18 1947 because of sore throat and malaise Her temperature was 100 4 and tho 
pbjsical findings wero limited to ^thght reddening of Iho phar\nx and several palpable small 
anterior cer\ical ^hnd^ The ^pkon was not palpable and there was no rash A provi-^ional 
diagnosis of upper respirator) infection and possible infectious mononucleosis was made 
Tho first blood count was reported as follows hemoglobin 81 per cent red blood cells 
4 ‘’00 000, white blood celN 12 800 ncutrophilcs nonsegmented 12 per cent segmented 44 
per cent, Ij'inphocj'tc 28 per cent monoevtes 8 per cent basophiles 3 per cent eosinophilcs 
7 per cent Tliere A\ere no abnormal lymphocytes suggcstiie of infectious mononnclcosis 
Because of the eosmophilia, the count was repeated the next daj and revealed 11 per cent 
cosinophiles Further questioning revealed that tho patient had eaten pork on cveral oc 
casions within the preceding three weeks There was no historj of allergj She had had 
scarlet fever at the age of 4 and rheumatic fe\er at the age of 9 Avithout cardiac sequelae 
■A^t 16, the patient had pneumonia followed by empyema which did not require surgical 
drainage She had lost about 15 pounds in the past three months and during this time she 
thought her ejelids were somewhat puff) on arising in the morning A skin test with tneh 
inella antigen was performed the second da) and was negative Stool examinations were 
repeatedly negative for ova and parasites On the tliird day m the Infirmary the patient 
had a shaking chill with a •’harp rise in temperature to 103 associated with severe muscular 
pains, and Avas admitted to the hosiiital 

Physical Examinatwii — The patient appeared acutel) ill Tliere were a short hacking 
cough a profuse postnasal drip and a fcc\crelj stuffed noso The palpable antunor and 
posterior cervical glands noted on admission to the Infirmar) were significantly incrca cd 
m size The heart and lungs were normal The abdomen was soft The spleen was not 
palpable Tliere was marked tenderness of the calf but no other evidence to suggest throm 
bophlebitis No ph) ical findings suggesting urmar) tract infection were elicited 

t The Medical Service Beth Israel Hospital and the Bureau of Laboratories "New 

iork Cltj Department of Health 
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Laboiato)}/ Data — X ray of the chest was negative X rays of the sinuses revealed 
a slight increase in the density of the frontal and right ethmoid sinuses Urine examinations 
were repeatedlj negative except for the presence of acetone on two occasions when the 
patient was severely dehydrated after prolonged vomiting Blood counts were taken at fre 
quent intervals and persistently revealed an eosmophilia Table I indicates the course of 
the shift in the white cells toward the Ijmphoid side Urine and blood cultures were nega 
tive While still in the Infirmary, before she became acutely ill, a specimen of blood had 
been sent to the Bureau of Laboratories of the New Yoik City Depaitnient of Health for 
a precipitin test for trichinosis Tins was reported as positive in a dilution of 1 640 The 
test was repeated a weelc later and reported “serum excellent, test positive, dilution 1 640, 
clear cut ” 


Table I Case 1 


DATE 

■WHITE 

BLOOD CELLS 

SEG 

ST\PP 

LYMPH 

OCYTES 

EOSINO 

PIIILES 

MONOCYTES 

Feb 18 

12,800 

47 

12 

26 

7 

8 

19 

8,700 

49 

4 

26 

11 

10 

22 

6,900 

48 

7 

31 

8 

6 

24 

6,450 

25 

15 

39 

10 

11 

25 

7,400 

46 

14 

27 

5 

8 

26 

10,350 

29 

30 

24 

2 

6 

27 

9,400 

46 

12 

28 

5 

9 

28 

10,750 

36 

16 

42 

0 

5 

Mar 1 

7,800 

35 

11 

44 

0 

10 

3 

8,450 

41 

7 

37 

1 

14 

4 

11,500 

36 

12 

43 

1 

8 

5 

11,300 

20 

13 

59 

1 

7 


(Cells typical of mfectious mononucleosis found) 


6 

8,100 

21 

13 

66 

0 

0 

7 

9,550 

18 

11 

70 

0 

1 

8 

13,500 

16 

6 

72 

0 

6 

10 

16,700 

7 

6 

86 

0 

1 

11 

18,800 

17 

7 

70 

0 

6 

12 

12,300 

19 

2 

78 

0 

1 

13 

15,800 

21 

1 

78 

0 

0 

14 

13,000 

22 

2 

66 

0 

10 

15 

12,400 

35 

3 

56 

0 

6 

17 

10,300 

28 

5 

60 

0 

7 

18 

10,800 

36 

1 

59 

1 

3 

May 26 

11,100 

55 

0 

33 

7 

5 


Course — ^Witli the history of pork ingestion, fever, severe muscle pains, eosmophilia, 
and a positive precipitin test, it was felt that this was a case of trichinosis The patient 
ran a very stormy course for six days with temperature fluctuating between 100° and 104° 
During the second week the temperature slowly began to subside and reached normal during 
the tlurd week where it remained to the time of discharge, five weeks after admission During 
the height of the febrile period, the patient complained of marked anorexia, occasional 
vomitmg, and severe muscle pains On March 6, two weeks after acute onset, as the tempera 
ture was approaching normal, the peripheral blood for the first time revealed abnormal 
Ijmphocvtes typical of mfectious mononucleosis, and the heterophile reaction was reported 
positive in a dilution of 1 400 Another specimen of blood was sent to the Department of 
Health Laboratories and this precipitin test was negative for trichinosis Repeat heterophile 
reactions were reported as positive in dilutions of 1 400, and the peripheral blood showed 
abnorm il ly mphoev tes on several occasions The patient ’s general condition rapidly improved 
after the third week and she vv is discharged in good condition Two months later, the 
heterophile was weakly positive 1 100, and the blood count stdl revealed 7 per cent 
eosinophiles 
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Comment — This case in lotiospect, seeins faiily tjpical of infectious mon 
omicleosis Tlie rather higli cosiiiopliile counts however, sidetracked us and the 
positive tnoliim precipitin tests tended to lead ns fuithei astiay These findings 
and the additional coiiobontue evidence of poik ingestion spoke stionglj for 
a diagnosis of tiicliinosis The appeal ance howevei, of the typical blood picture 
for infectious iiiononueleosis two weeks after the onset threw doubt on the 
validit} of tlie positive tiichnia pieeipitin test The stiongly positive heteio 
phile agglutination reaction left no doubt as to the collect diagnosis, but left 
the positive picoipitin tests uiie\planied Accoidiiiglj, the thud test was made 
and was repotted negative 

C\SB 2 — G G W'13 33 jear old white man who consulted Ins physician April 1 1D48, 

because of c\ero pains in the cheat baik and neck The e pains were considered at the 
timo as being muscular lu origin Tho phvsical examination was essentially negative He 
was seen again four dajs later at which time he had fever sore throat and chilly sensations 
The phy<iical examination was still coniplttely negative Because the fever could not be 
explained, blood was taken for the routine agglutination testa and a trichina precipitin te‘<t 
was done because tho pain m the chest was considered to be at the site of tho insertious of 
the diaghragni and to bo muscular in origin Three days later all tests were reported 
negative except tho trichina precipitin tc^t which was positive in a dilution of 1 1 280 The 
bcteroplulo antibody titer was 1 14 On April 10 a blood count was done to determine the 
presence of eosmophiba, and was reported as follows white blood cells, 9,000, lymphocyte^ 
C6 per cent ^o cosmophilos were present Tho picture was reported as being suggesti\e of 
infectious mononucleosis On Vpnl 12 a complete count was reported as follows hemoglobin, 
02 per cent; red blood cells 4 0 jOOOO white blood celb, 9 300 ncntrophiles nonsegmented, 
14 per cent, bOgmented, 13 per cent hmphocjtcs 58 per cent atypical lymphocytes, 9 per 
cent, monocytes, 4 per cent The«e counts were considered quite characteristic of infectious 
mononucleosis \s a result the hctcrophilo agglutination and trichina precipitin tests were 
repeated On April 17 tho lietoroplule was reported strongly positive in a dilution of 1 1,792 
At tho same time, the precipitin test was positive in tho same titer as reported previously, 
1 1,280 The same serum was sent to the National Healtli Institute at Bethe'ida, Md for a 
complement fixation test for trichinosis This was reported positive A skin test done at 
the same time was negative 

On April 10 the white count was 24 000 with 80 per cent lymphocytes, many of which 
were atypical A sternal bone marrow aspiration was reported as showing no evidence of 
Jeucemia On this dato the patient appeared and felt quite well At no time during the 
illness was there an adenopathy or splenomegaly Trichinosis was considered bnefiy as the 
diagnosis and the positive precipitin test proved quite misleading However, the early 
development of tho characteristic blood picture indicated the true diagnosis The patient 
was not seen again until June 2, 1948 at wluch time the heterophile agglutination test was 
BtiU positive in a high titer but the trichina precipitin test was completely negative He 
appeared and felt perfectly well 

Case 3 — Mrs R was a 34 year old white medical research worker who on Fob 1, 1947, 
began to experience a sore throat, general malaise, and muscle pains There was no adenop 
fitiiy or enlarged spleen No blood studies were made, but on Feb 20 the lymphocyte count 
was reported as 60 per cent There was no note of a more detailed count On Feb 24 tlie 
beterophilo agglutination test was reported positive as was also the trichinosis precipitin test 
The precipitin test was negative on March 7, but tho lioterophilo was still positive The 
patient made a rapid, uneventful recovery 

Case 4 — L Z was a 19 year old, white stenographer who was admitted to the wards of 
Long Island Medical College, Feb 20, 1947 She gave a history of fatigue and sore throat 
The throat had a wlutish membrane She received diphtheria antitoxin and pemciUm She 
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appeared acutelj ill and had a temperature of 104 0° There i\as generalized lymphadenop 
athj, but the spleen i\as not palpable The blood count on admission revealed a ivhite count 
of 8,700, polys, 6b per cent, eosmophiles, 0 per cent, h mphocy tes, 22 per cent, monocytes, 
5 per cent, plasma, 1 per cent Two da\s later the Ijniphocjtes were 42 per cent, with many 
at)-pieal forms The eosiiiopliilia leniamed at 6 per cent The hetcroplule was positiie at 
this time, as was also the precipitin test The titers and dates of tests may be seen in 
Table II The patient was discharged Mirch b, 1047, quite well There seems no doubt 
that the patient had infectious mononucleosis It might be mentioned here that she was 
Jewish xnd obsened the dietary laws To hei knowledge she had never in her life eaten pork 


Tvble II 


D VTE 

CVSE 

HETEROPIIILF 

PPECIPITIN 

2/1S/47 

1 


1 640 

2/25/47 

1 


1 640 

3/ 6/47 

1 

1 400 

Neg 

4/ 8/48 

2 

14 14 0 

1,280 

4/15/48 

2 

1,792 S9b 0 

1,280 

6/ 1/48 

2 

896 448 0 

Neg 

2/24/47 

3 

224 112 0 

640 

3/ 7/47 

3 

112 56 0 

Neg 

2/21/47 

4 

448 224 28 

1,280 

2/27/47 

4 

896 448 0 

1,280 

3/ 4/47 

4 

896 44S 0 

640 (faint) 

4/11/47 

5 

890 448 0 

1,280 


AU hetcroplule and trichina precipitin tests with the exception ot the heterophlles In the 
first case weie performed by the Newf Vork City Department of Health 

The three figures in the heterophile reports indicate imabsorbed serum guinea pig kidney 
absorbed and beef led cells absorbed 

Case 5 — M C was a white, 21 jear old, male machinist who was admitted to the wards 
of the Long Island Medical College March 30, 1947 He gat e i historj of shaking chills ten 
days before admission He had general mtlaise, muscle puns, and sore throat He was given 
penicillin without effect He appeared onlj moderately dl, but had a temperature of 103° 
on admission There were enlarged posterior cervical glands ind the spleen was one linger 
breadth below the costal margin The white blood count was 5,900, with 46 per cent 
lymphocytes Lympliocvte percent ige rites went to 60 per cent with many atypical forms 
On April 11 a heterophile agglutination test and a tncluna precipitin test were done Both 
were repoited positive m high titers The patient was discharged April 19 feeling perfectly 
well, with a final diagnosis of infectious mononucleosis Unfortunately, no further serologic 
studies were made 


DISCUSSION 

Bernstein,^ in his veiy complete monogiapli of mfectious mononucleosis, 
discusses false seium leaetions in this disease He does not, however, mention 
the finding of positive tiiehina piecipitm tests in any of his cases A levievv of 
the liteiatuie since this monogiaph levealed no lepoit of this unusual finding 
Beinstein iiomted out that the seium substances giving false positive Wassei- 
mann leactions aie piobably in no way associated with the sheep cell agglutina- 
tion leactioii In his own senes of cases, he found that the false positive tests 
foi syphilis often appealed befoie the heteiophile reactions became positive 
Tins dissociation appeals also to be tine in some of om eases wheie the piecipitm 
tests became negative when the heterophile antibody' titeis vveie still high 

The tiichina piecipitm test as peifoimed in the Biiieau of Laboi atones of 
the New Yoik City' Health Depaitmeiit follows the dicta laid down by th® 
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Nitional Institute of Henltli, Bctliesda itd The antigen is caiefullj prepared 
and subjected to t long pioccss of puiificTtion The seia to be examined aie 
cleaied of all tuibiditj b\ rapid eentrifugation in a icfiigciated centiifuge 
Dilutions fioin 1 80 to 1 1 280 aie sot up, and leadings of 1 160 and up aie 
considered piesumptiio eiidenee of trichinosis pioiided theie is a clinical 
historj, lecent oi dating up to thice xcais bach Readings of coui-se, raaj go 
\erj much higlici The \alue of this test is the subject of much eontioveisi 
lugustine eoiisideied it lemuhibh specific and had false positne reactions 
oiih \ihen patients wcie t iknig <iuiniiie or arsenicals It is fairlj well reeog 
nized now howciei that false positne leactioiis maj occur, as in periarteiitis, 
and it has been noted to be positne at times in paiasitic infections othei than 
trichinosis Recent reports bj Piisib and coiioikers^ and Roth* nidicate that 
the test IS of little x alue and ex eu \i hen positn e is too late to be of much diag 
iiostic help It IS geneialh tiue that the test does not become positne until 
about foul weeks aftci uifestation and this should be borne in mind, but in 
sex ere cases it niaj on occasion become positne in a mattei of dajs 

It is not the put pose of tins leport to laud oi condemn the test In its 
defense one might state that iiositne Wasscimanii tests occui in conditions 
other than sxpliilis but no one would suggest the test be diseaided It is es 
sential howexci, that the lack of specifieitj of any test lie knoxvu bj those le 
guesting It Regaidless of agreements and disagieemeiits the fact lemaiiis that 
the tricluna piccipitin test is still used extensnely, and to most physicians a 
positne lepoit cairies a good deal of weight Skin tests aie considered no more 
reliable and a muscle biopsj is not alwaxs feasible It might bo mentioned heie 
that a positne biopsj max confiian the diagnosis but a negative report is not 
proof that the patient does not haxe tiichiuosis The complement fixation test 
niaj be xaluable but the positne report m oiu second case indicated that it too 
max pi 0 X 0 misleading 

The blood count in tiichmosis is of consideiable importance There is 
usuallj a leucoejtosis and a marked eosinopbilia “ Howexei, on occasion the 
xvhite count maj not be elexated and in xerj sexeie cases there may be a com 
plete absence of eosinophilies In infectious mononucleosis the blood picture is 
considered to bo of paramount iiiipoitance Nexeitheless, the chaiacteiistie 
picture may not be piesent at the onset, and eosinophilia of a faiily marked 
degree has been repoited ® Both of these unusual featuies xveie noted in Case 1, 
and to a lessei extent in Case 4 

In Cases 3 4, and 5, tiiclunosis was not verj seiiouslj consideied, but the 
positixe pieeipitin tests pioxed temporaiilj misleading In Cases 1 and 2 the 
positixe tests weie considered in addition to othei features sufficient exidence 
to justify diagnoses of trichinosis It maj xvell be pointed out that the clmical 
featuies m these cases xveie not xerx suggcstixe of tiichinosis, but students of 
this disease stiess the fact that the chnieal couise xaiies gieatly and indicate 
that the diagnosis is fiequentlj missed because cbnicians too often expect a 
classical history 
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Theie would seem to be no doubt that the patients heiein reported had 
infectious mononucleosis In all, the blood pictuies weie ultimately confiimatoiy 
and in all, the heteiophile agglutination tests weie stiongly positive The one 
thing that tended to confuse in all instances was the occuiience of the positne 
piecipitin tests A possible explanation would be that these patients all had 
tiichmosis whethei lecent oi lemote This has to be given seiious consideiatioii 
in view of the fact that a high peicentage of the population is thought to be 
infected Even if the infection is not recent, it is possible to conceive of an 
anamnestic leaction boosting the pieeipitm titei Howevei, the veiy lapid 
letuin to noianal in tliiee of the cases makes this seem veiy unlikely, and m 
one (Case 4), if we maj accept the histoiy, the patient nevei had eaten poik 
in hei entile life 

These patients weie not found to have positive heteiophile antibody ag- 
glutination tests and positive tiichina pieeipitin tests as part of a plamied 
study The tests weie requested by physicians befoie definite diagnoses weie 
made and the findings as repoited weie fomid The peicentage of false positive 
tnchina piecipitm tests (oi complement fixation tests) occuiiing in infectious 
mononucleosis is not Imown and would lequiie an extensne study, but this 
small gioup indicates it uould not be negligible 

Most physicians today aie conditioned to the vagaiies of this disease and 
ha^e learned to gi^e it due consideiation in the diffeiential diagnosis of any 
unexplained fevei The cases in this lepoit stiess the fact that even when it is 
consideied, laiiations m the blood pictuie and false positive seiological leactions 
tend to mislead It has become moie and moie appaient that wheie the disease 
IS once suspected, the diagnosis should be clung to tenaciously until completely 
imled out oi made Avith certainty 


sumjiary 

Positive tiichma piecipitin tests aie reported in five cases of mfectious 
mononucleosis The evidence at hand indicates that these leactions weie false 
positne leactions and weie induced by the seium changes of infectious 
mononucleosis 

For permissiou to publish Case 2 i\e wisli to thank Dr J Jerome Stemfelder and 
Br Samuel 'Weinbaum, New York, for Case 3, Br Marsh McCall, New York, for Cases 4 and 
5, The Medical Bepartment of the Long Island Medical College, New York 
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THE CHRONIC TIPIIOID C VRRIER II THE EFFECT OF 
CHOLLC\STECTO’\n ON THE B VCTEEIOLOGIC COURSE 

V LITTM^^,JIS "M D J V \ MCHiiis PhD, vnd A C In '\ID,PhD 

( HiciGO Irr 


INTRODUCTION 


I N A ineMous papei' v.e lia\e distiiNf.e(l the chroincitj of the natuial course of 
the tjphoid eaniei stite Bi cause ot the essential role of the earner in the 
dissemination of tjplioid and the infiet|ueuej of spontaneous eure of the 
earner state, tieatmeiit is an impoitiiit public health problem 

To date there is no effectne nonsiirgieal theiapj In 1907 Dehlei reported 
the treatment of tno CTiriois In eholceistostonn Gnmme^ m 1908 described 
the cuie of one patient h> choice} stectomj Theieaftci man} repoits on the 
surgical treatment of cauiers haic appeared in 1930 Roeslor' compiled a \er} 
complete bibliogiaph} Eichhoft icticncd chiefl} the Euiopeau literature 
until 1930 and collected 102 casts in nhich gall bladdti siiigei'} had been 
eniplo}ed in the tieatmeiit of the chionic ttplioid earner state Because it was 
well known that the stools of some earners do not clear up until several 
months after operation he arbitranl} chose su. months as a mmimum follow up 
penod for evaluation Discarding eight cases for this reason, he found that 
seieiit} ai\, or 81 per cent, of the ninety four subjects were cured by operation 
Coller and Porsbeok” added eighteen cases to fifty five cases from the btera 
ture (chiefly from the United States) and reported 76 9 per cent eures for a 
combined total of sixty file patients surviving cholecj stectomy 

The results of choice} stectomy are thus quite favorable "We have found, 
liovvevei, that onlj a few cases have been followed for a number of jears after 
operation, and that there has been no evaluation of inimunitj ’ to reinfection 
afterward 

THE CLINIC VD VI VTERI VL 


Of the fifteen tjphoid earners subjected to cholecystectomy eleven ap 
paiently had become infected during or after the 1939 Manteno epidemic pre 
viously described ' ' * The remaimng four were discovered m other state 
institutions and had been sent to Manteno for care There were four male 
patients and eleven female patients, living m separate halves of the same 
isolation cottage The dining room and kitchen facilities were shared, however 
Both pro and postoperative!} these patients lived with aU the other tjphoid 
earners and were thus coustantl} being evposed to leiufection Tins is em 
phasized m view of the postoperative bactciiologn, couise to be described 


From the Deparlment of Clinical Science University of Illinois Collese of Medicine 
Chicago in and the Manteno State Ho pltal Manteno III 

We are Indebted to Vr Otto Lehman Public Health Officer at Manteno State Hospital, 
‘or the preparation of many of the bacterlologic records 
Received for publication, Jan. 10 1949 
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P> eopeiatiLc Bacteiiologic Status— The aveiage time between the date on 
which each patient ivas declaied a chionic camei until the date of opeiation 
was twentj -seven months (SD ±13) In tluee &ub 3 ects the duration w'as fiie, 
eight, and ten months, wdiile in the lemanimg twelve the lange was twenty to 
fifty-six months, aveiaging thiitj-one months In three instances in w'hich the 
cariiei state followed a diagnosed acute attack of typhoid fevei, six to tw'elve 


BACTERIOLOGIC STATUS BEFORE CHOLECYSTECTOMY 
STOOL CULTURES 


/940 


1941 


1942 



BILE CULTURES 
NONE 

- (1 41) 

+ (II 40) + (3 41) 

NONE 

NONE 

+ (II 40) -(3 41) 

- (1-41) -(2 41) 

+ (II 40) + (l 4l)-(3 41) 
+ (3 41) 

NONE 
+ (1 41) 

NONE 
NONE 
+ (2 41) 

+ (I 41) 


; ( NO OF POSITIVE CULTURES 

Pig 1 


I TOTAL NO OF CULTURES 


months elapsed betw^een the onset of the attack and the designation as a 
chronic cariiei The lemaming patients weie designated as chionic earners on 
the dates on which ciiltuies positive foi typhoid organisms weie confirmed In 
these patients theie had been no clinical diagnosis of typhoid fevei 

The preopeiative bacteiiologic studies on each patient aie summarized m 
Fig 1 Each horizontal bai lepieseiits the total number of stool cultures for 
each subject foi the yeai specified The shaded portion of each bai shows the 
number of such specimens from which typhoid bacilli were isolated These data 
aie adequate to show that thirteen patients weie definite chionic cairieis and 
weie excreting Eheithella typliosa at the time of cholecv'stectomy In one pa- 
tient (H K ) it appeals probable and in another (C M ) possible that spon- 
taneous remission had taken place These tw^o patients aie included in the 
studv to compaie then bacteiiologic coiiixe with that of the definite cairieis 

Foiiiteeii satisfactoiv bile ciiltuics were made in nine cases within the 
eighteen-month peiiod piecediiig suigeij In seven patients, ox 78 per cent. 
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one or inoie positi%e bpeoiinens «cit obtimed, these patients maj be con 
sidered to bate been bilian onUKre In two patients (0 G and M P ), 
one and t«o iiegatt\c cultuies iespecti\clj wcie obtained, altliougli both 
patients had eonsisteiith positiic toed specimens On the basis of so fen bile 
samples, ne coiisideied the (piostioii of bibaij infection in these tao cases to 
liaie been uinnsueicd 


BACTERIOLOGIR COURSE AFTER CHOLECYSTECTOMY 
STOOL CULTURES 

(POST on 1943 1944 /949 ]946 1947 



NOT REGARDED AS PROVEN CARRIER » RELEASE SPECIMENS NEGATIVE 

fib 

The choice} stectomies weio peifoiracd b} Di Arnold Selumberg between 
Janiiai} and Jlay in 1942 Tlie patients weie tiansferred fiom the t}plioid 
cottage to the suigical waid a da} or tivo before operation As soon as the 
patients were ambulatoiy after suigei} usually wntliin two weelcs, they weie 
leturned to then pievious hung quaitcis 

POSTOPER VTIT’e B LCTEBIOLOGIO COURSE 

Usuig the same desciiptnc scheme is in Pig 1 the postoperatne bacteii 
ologie findings aie siimmaiized iii Pig 2 

•Duration of the Carnei State Aftei Opetahon — ^In ten cases one duodenal 
aspiiation was made on the thud to the sixth postoperative day and a bile cul 
tuie taken T}phoid bacilli weie found in nine specimens The single negative 
report oeciiriLd in case 9, on the fointh postopeiative da} In this patient a 
Begatue stool culture had been obtained thiee da}s befoie opeiation but there 
had been that} positive cultures iiicludni}, one of bile, duiiiig the picceding 
}car The first stool cultuies made after suigcry weie negative in nine of the 
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tlm-teen pio\ed eaineis These weie obtained at peiiods ranging fiom two 
da^s to ten weeks postopei ati\ ely, in seven instances between the thud and 
eighth weeks 

In thiee additional cases the fiist stool ciiltuies w^eie positive, and the 
eailiest peisistentl-y negative lepoits weie not obtained until fiom ten w'eeks to 
8 5 months aftei cholecystectomy 

In one case the stools remamed intermittently positive until the end of this 
study 

Pattern of “ Reciu ) ences ” — Fiom Fig 2 it is seen that in only tw'o cases 
(3 and 6) were there no positive eultmes obtained aftei suigeiy In seven 
additional eases, only one oi twm positive lepoits w'eie leeoided 

Theie is a definite dimmutioii of the numbei of positive cultuies with the 
passage of time Although the data fiom 1944 and 1945 are not adequate m 
numbei, comparison of the findings in 1942-1943 and those in 1946-1947 shows a 
striking change In 1946-1947 in all but one case the ofdcial ciiteria for 
release from designation as a caiiiei weie fulfilled These, in Illinois, consist of 
eight negative stool cultuies at consecutive monthly mteiwals and two negative 
bile cultuies seven days apart taken tliiity days aftei the last stool ciiltuie 

Sex Biffeience — The small numbei of cases in this gioup does not peimit 
a finn conclusion legaiding the relation of sex difference to cure However, of 
the 100 cultures made postopei atively in the male gioup, twenty-five weie posi 
tive, while only fourteen, oi four per cent, of the 329 cultures made m the 
female group were positive This difference is statistically very significant 
(x" = 40), and in Fig 2 it may be seen that there is a fairly even distribution 
of stool sampling throughout the five-year period This indicates, legaidless of 
the fewness of the eases, that a se\ difference piobably exists 

DISCUSSION 

The observation that hile cultuies were positive from three to six days 
after cholecystectomy m nine of the ten cases tested shows tliat the site of 
biliary tiact infection is not the gall bladdei alone It is not likely that 
infected bile expelled from the gall bladder at the time of operation would 
itseK remain in the bihary tract for the three to six-day period described Noi 
could it be presumed that in each case an infected cystic duct stump had been 
left behind It appears probable that the infected bile from the gall bladder 
contaminated extiacholecystic stiuctuies oi intestinal contents and that a week 
or longer was required to clear the contamination 

A sufficient numbei of stool cultures were not taken in the eail}’^ post 
operative period to provide precise data on the postopei ativ'e duration of the 
carrier state 

It IS a remailaile and liitlieito undemons tcated fact that living amid 
constant exposui e to i einfection fi oni unti eated cai i lei s, twelve o^ thirteen 
pioved typhoid canieis became and lemained cuied following cholecystectomy 
111 a few instances prolonged reinfections appeared to have occurred However, 
most of the positive cultures obtained postopei atively, especially m the female 
group, appeared sporadically and for such brief periods that we believe in some 
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mstances there may ha^e becu exeietion of the organisms as transients, without 
definite leinfection The tnnsient exciefion of tjphoid bacilli without eiidence 
of actual infection has been shown to oecui bv Cler and Peiazzi “ They re 
ported on the stool cultures of thiitv nine peisons who had been known to eat 
the same infected food as otheis who dei eloped clinical tjphoid feier Si\ of 
the asj niptomatic indiiiduals e\i reted tjphoid bacilli for a peiiod up to one 
week aftei the beginning of the disease in those who developed typhoid fever 
We haie obseried such episodes of tiansitoij eveietion of typhoid baeilli m 
some caiTieis becoming spontaneouslv enicd ' 

In a previous lepoiti described the baetenologic course of seventy nine 
typhoid camel's living together with the patients leported in this paper In 
these seventj nine noncholecv steetomized patients who seivcd as ideal contiols 
for the ev aluation of thei apv 29 pci cent of spontaneous cures occurred by the 
same criteria In addition niaiiv long “iccuneiices” of the carnei state or 
lasting leinfeetions occuied aftei the eairiei state had disappeared spontaneously 
for several weeks oi months These obseivatious indicate that cholecystectomy 
was followed by a high degree of lesistaiiee to lecnri-ence of tlie earner state 

sbmmvry vnd conclusions 

1 Cholcojsteotomy was pcifoimed on thirteen proved chrome typhoid 
carriers Following opeiation these patients continued to live among many other 
typhoid earners, some of whom wore heavilj infected The period of studj 
lasted five years after surgery 

2 Under these conditions of massive exposure to reinfection, twelve of the 
thirteen patients became and lemained free of typhoid organisms 
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AN APPRAISAL OF THE ilALE NORTH AMERICAN FROG 
(RANA PIPIENS) PREGNANCY TEST WITH SUGGESTED 
MODIFICATIONS OF THE ORIGINAL TECHNIQUE 

Joseph N Cutler, BA, ]M A 
Philadelphia, Pv 

INTRODUCTION 

R obbins and Paikei^ and Wiltbeigei and MilleF have recently desciibed 
a new test foi piegnancy emplojnng as a test animal the male North Amei 
lean flog (Rana ptpiens) In an attempt to evaluate the aceiuacy and efficiency 
of this new technique, the authoi tested 200 uiine specimens fiom women 
suspected of being piegnant Since the urine piegnancy test using the Afiican 
female frog (Xenopus laevis) is an accepted, leliable pioceduie, a male R 
pipiens and a female X laevis weie tested 'with each urine specimen, and the 
lesults compaied In addition, the advantages of Scott’s- method of uiine coii- 
centiation aie desciibed in piepaimg the inoculum foi R pipiens 

PROCEDURE 

All urine specimens deliiered to the laboratory for pregnancy testing were injected 
into the frogs followmg the technique of IViltberger and Miller Five cubic centimeters of 
whole, unmodified urine were filtered and made slightly acid to btmus with HCl This ma 
terial was injected into the dorsal lymph sac of the animal Of the first ten animals treated 
in tins manner, only one survived longer than one half hour Tins latter animal died at the 
end of two hours The lugh mortality could not, it seemed, be due to the tOMCity of an in 
dividual urme specimen, smee each animal was injected with urine from a different woman 
Believmg that the volume of the injection was too great to be tolerated by the animal, an 
attempt vas made to give the urme more slowly by mjection in stages 2, 2, and 1 cc at 
five mmute intervals This method also was unsuccessful, and 1 cc doses at five minute 
intervals were attempted The animals survived the first 3 cc, but the fourth dose was al 
most invariably fatal watliin a few minutes It was, then, apparent that if the frogs were to 
survive long enough to give a valid test, a small volume injection containing enough hormone 
to stimulate a gonadal reaction was needed to overcome the difficultj 

A modification of the original Scott methods for concentrating the chorionic gonado 
tropin in the urine of pregnant women has proved highly efiicient when X laevis is used as a 
test animal for pregnanej Smee it was our intention to run a duplicate test on an African 
frog with each American frog used (in order to evaluate tlie reliability of the American frog 
as a test animal), use of the Scott concentration method provided an inoculum suitable for 
both animals, thus eliminating additional urine preparation The urine was concentrated as 
follows 

One hundred cubic centimeters of a first mornmg specimen of urme are placed in a 100 
c c graduated cjbnder and acidified to a pH of 4 0 using 20 per cent HCl with 0 04 per cent 
bromeresol green as an mdicator IVlien the urine specimen presented for testmg is less than 

From the Cutler Clinical Laboratories and the Clinical Laboratories of the Comniunlts 
Hospital of Philadelphia 
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100 cc, distilled water is added m the amount neces ary for the recommended volume TJrine 
specimens of less than 50 c c are rejected as unsuitable; since our experience with several 
hundred tests on X laeiis has howu that such small quantities of urme do not usually con 
tain the ncccssarj titer of hormone to produce a positive reaction, especially in very early 
pregnancy U o, urines with a specific gravitv of less than 1 015 are usually unsuitable for 
testing, giving n o to a largo percentage of fal<«o negatives unless a full 100 cc of urine 
are available In the latter ca<5c a spcufic gravity of 1010 is satisfactorv To the acidified 
urine, 5 c c of a 20 per cent suspen«;ion (in water) of acid washed Kaolin are added, followed 
by thorough mixing (inversion of the evlindcr twelve times is sufficient) Acid washed kaolin 
may bo prepared,* or it may be bought already prepared t We have been using the Baker 
preparation witli excellent results 

The cylinder is set aside until the Knolin has settled out to a volume of 15 to 20 c c , 
at which time the supernatant urine is svphoned off and discarded The sedimented kaolin 
is transferred to a test tubo and packed bv centrifuging at moderate speed for about five 
minutes Tlio resultant supernatant is discarded Five cubic centimeters of 0 IN’ NaOH are 
added to the packed kaolin and the kaolin is redistributed through the alkali by vigorous 
stirring with a glass rod hen thoroughly mixed the kaolin alkali suspension is spun in 
the centrifuge at high speed for about five minutes or until the supernatant is clear The 
clear supernatant la poured over into a test tube and made pmk by the addition of 1 drop of 
Oo per cent alcoholic phenolphthahen solution Twenty per cent HCl is added drop by 
drop until the pink color is just discharged The solution is ready for injection The fore 
going procedure 'ihould consume no more than tlurtv to forty five minutes 

Tho u e of the concentrated unno as a teat moculnni for H pxptens has given excellent 
results One cubic centimeter of concentrated unno is injected into the dor«al lymph sac 
with no ill effects upon the animal observed Since the 1 c c of concentrated urine represents 
a volume of 20 cc of whole unno its use is most advantageous in low hormone titer early 
pregnancy unno specimens However concentration of the unne may lead to false positive 
reactions m menopausal urine specimens with high follicular stimulating hormone titers 
"WTiero menopause is suspected urine giving a positive reaction should bo checked using either 
a rabbit or an African frog or b> injecting two 2*/^ cc doses of viholc unne into T pipteus 
at one hour intervals 

TECHMQLE FOB R PIPIENS TEST 

One hundred cubic centimctoi-s of a fiist moinmg unne specimen aie pre 
pared bj the Scott method and 1 e e of the final product is injected into the 
doisal Ijmph sae of the frog (sec Pig 1) The animal is then placed in a clean 
dry glass iceeptical (a 1 000 c c bcakci is ideal) co\ered with a weighted wnre 
mesh top to prevent escape of the animal At tlie end of one half liour, the fiog 
IS grasped fiimly in the left liaud, and the nglit leg of the animal is impiisoned 
between the opeiator s index and second fingei's The animal’s left leg is taken 
between tliumb and index fiiigeis of the opeiator’s light liand, and the leg is 
drawn up close to the fiog’s side Tlie frog’s cloaca is then biouglit m contact 
with a clean glass niicioseope slide The slide is immediately transfeiied to 
the microscope stage and the diop of unne examined undei eithei the low oi 
high dry objectiie The speini cells aie easilj lecogiiized with eithei magnifica 
tioii In a positne test, the speiin cells aie shed in laige numbers and can be 
seen activelj thrasliing about, or quiescent with then long whipbke tails wavuig 
slowly hack and foith In a negative test there aie, of course, no sperm cells 

As described In Jt^ractical Phyaiolojlcal Chemistry Hawk ^ Bergein ed, 11 page 
63 footnote. 

, , tFronj j T Baker Chemical Company PblUIpeburg N J as Kaolin Washed Powder 
(American Standard) 
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The urme is quite deal, except foi occasional led blood cells and one oi moie 
of a variety of intestinal paiasites haiboied by the fiogs These latter in no 
manner lesemble the speim cells and should not be nustaken for them If at 
the end of the fiist half lioui the mine shows no sperm cells, the proeeduie is 
lepeated at half-houily inteivals until thiee hours have elapsed from the moment 
of injection Absence of speim cells ivithm the three-houi peiiod constitutes 
a negative test 



Fig 1 Diagram Illustrating site and method of injection for R pipiens pregnancy test 


ACCUKACY OP K PIPIENS AS COMPARFD WITH X LAEVIS 

Unselected mine specimens bi ought to the laboiatoiy were concentrated 
A male R ptptens and a female X laevis weie moeulated with the urme con 
centiate Results were ohseived and compaied 

In a senes of 200 mine specimens fiom women suspected of being pregnant, 
two Ameiiean fiogs gave false negative reactions wheie X Ixievts injected with 
the same mine specuiiens gave positive tests Conveisely, two X laevis fiogs 
gave false negative leactions with urme specimens that leaeted positively on 
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the male R jnpicns This constitutes a recoid of 99 pel cent accuracy for both 
species of test animals since the eonibined results bj the laboiatory tests weie 
ill elieeked and substantiated b\ 1 itti cluneal findings Of the 200 urine speei 
mens tested, 130 weie fiom Moiiicn thought to be tliiity to thirtj five days pieg 
iiaiit (ten to fifteen di>s aftei fiist missed menstiual peiiod) thus pioving the 
abilit} of the R pipictis test to detect conception as early as any of the tests 
non in loutine use 

DISCUSSION 

In our opinion, the piegnanci tist using R piptens is fai superior to any 
of the loutine tests now in use It is an exceptionallj reliable test In oui 
inalvsis of 200 mine specimens onl\ two false negativ e results weie eneounteied 
lliese two failings occuried eaih in oiii iin estigation ivlien ne Mere trjing to 
reuse animals nliioli had alicadi giieii one positive test, aftei a five day rest 
penod as recommendtd bj WiltbeioCi and Miller “ It was found inadvisable 
to reuse the animals foi the follovnn„ leasons (1) A positive leaetion appears 
to exhaust the fiog s supplv of speim cells Restuig the flogs long enough to 
legenerato new speim cells involves a time lutcival within wlueh manition and 
wastmg ocoui Tins is duo as Robbins and Paiker* point out, to the imprae 
ticabilitj of pioviding the piopei live insect diet foi the animals under labora 
toiy conditions (2) The animal is so inexpensive and its supply so readilj 
available that it is false economy to salvage the frogs foi leuse, thereby risking 
unreliable losults In cases wheie uiine specimens have proved negative foi 
piegnaney, wo have leused the animals involved vnth consistently rebable re 
suits, but It is lecomiiieuded that such animals be letuined to their storage tank 
in tlie lefiigeiatoi and not kept at room temperature Aftei instituting the 
policy of not reusing pieviously positive ammals 150 uime specimens weie 
analyzed foi piegnaney using R jnpiens as the test animal without any further 
false ntgativ e (oi false positive) reactions 

The care necessaiy for the use of R pipiens is simplicity itself A small 
fish aquarium (14 m by 10 m by 8 in ) will easily house up to twenty frogs 
Such a tank conveniently fits into the lowei compartment of even a small laboia 
toiy lefngeiatoi, wheie the animals are stored at about 10° C in one half inch 
of watei until ready to use While in the lefiigerntor, the animals are m a 
state of hibernation and will siiivive foi weeks on end without feeding Aside 
fiom keeping the watei level constant in the tank, there is no other caie neces 
sary for R pipiens One houi prior to use m a test, a fiog is leinovcd from the 
tank and placed in a suitable wiie mesh covered leceptical at room temperature 
This short thawing pciiod is sufficient to letiuii the animal to metabolic activity 
necessaiy foi the test In practice, we lemove tlie fiog foi thawing as soon as 
the iinne foi testing leaches the laboiatoiy By the time tlie urme is con 
eentrated and ready foi injection, the frog is leady, too Stoiage of R pipiens 
at room tempeiatuie foi moie than a day oi two is not recommended At the 
beginning of oui studies we stoied all our flogs at room temperatuie AVe found 
that wasting and inanition weie quite lapid, especially during the warmer 
sunimei months, but most disconcerting was the high spontaneous mortabty rate 
of the unused frogs, at times as high as 50 pel cent within two or three days 
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aftei leceiving the animals fiom oui suppliei An occasional spontaneous 
death occuis among the lefiigeiated animals, but it is an infrequent occuirence 

The lapidity with which the results of the test develop is, in oui opinion, 
the most lemaikable featme of this new technique Using 1 c c of the con- 
centiated mine as oui inoculum, we have observed positive leactions consistently 
withui one-half to thiee-qiiaiteis of an hour after injection of the animal Even 
allowing up to one hour foi concentration of the mine, results of the test can 
be obtained in less than tuo horns from the time the specimen reaches the labora- 
tory This compares with a minimum of foitj'^-eight horns for the standard 
Friedman test and up to eighteen hours for the X laevis test 

The advantages of using whole, unmodified mine in any pregnancy test 
are obvious Although we attempted such a pioceduie, as described by the 
originators of the test, the results (mentioned elsewhere in this report) m oui 
hands were diseoui aging Robbins and Parker^ describe the same difficulty 
with uhat the> call “toxic iiimes,” but apparently the rate of mortality from 
injection among then fiogs was not as great as that which we encoimteied 
They further decry the lack of adequate methods foi detoxifying the mine 
specimens It is oui opuiion that the large volume of the piesciibed inoculum 
(5 c e ) foi such a small animal is responsible foi the high frog mortality and 
not the presence of toxic substances m the mine By use of the Scott method," 
a small volume inoculiun (lee) representing the hormone content of 20 cc 
unmodified mine is provided and at the same time substances toxic foi the 
flog are removed The latter is accomplished by the ability of acid-washed 
kaolm at pH 4 0 to selectively adsoib the protein materials from the mine, 
leaving behind the toxic substances in the supernatant which is discarded This 
phenomenon has demonstrated itself to oui satisfaction inasmuch as we have 
not had a single technical fatalitj among oui fiogs since substituting the con- 
centrated specimen for whole unmodified mine Once the necessary reagents 
for Scott’s method- die at hand, tlie actual piepaiation of the mine foi injection 
IS neither technically difficult nor excessively time consuiiiing, and the fact that 
each test goes to its desired conclusion without mishap, reqiiiimg the use of only 
a single animal, more than eompeiisates for the necessary piepaiation of the 
111 me 

The originators of the R jnjnens pregnancy test emphasize the fact that 
as yet thej' have not deter mined whether a seasonal variation m the reactivity 
of the frog might be encountered, especially dm mg the breeding season From 
then report, it is to be piesumed that then investigations lan tlnough the fall 
and u inter of the jear Our expeiiments began m the early spring and con- 
tinued throughout the summer months imtil the end of September Apparently 
this uould complete the ejcle of one full jeai and would include the breeding 
season of the Amencan frog During the seien months from the begriming of 
j\Iaich until the end of September, we eneounteied no variation m the reactivity 
of the animal to the gonadotropic hoiniones imolved m the mine pregnancy 
test These results, coupled with those of Robbins and Parker,^ and Wiltbeigei 
and Miller,” uould seem to indicate that R pipiens can be used throughout the 
jeai as a reliable test animal for mine piegnancj testing 
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Tlie use of uliok unmodified uiiul ns a test inoculum foi R pipiens is not 
entirel} satisfnetoij, lesultin^ in the dtUli (iii oui hands) of the annual when 
gnen iii the necessurj 5 c o dose 

Concentiation of the uiine b\ Scott s method fields an ideal inoculum foi 
H pipidis The inoculum is iiontoMC with 100 pti cent suiiiial of the test 
nnimal tiuoughout the testing peiiod Moicoiei the accuiacj of the test is 
enhanced bj pioviding a gicitei lonoeiitiatioii of hoimone, a particiilailj val 
liable consideiation inieij eaih pieginnev 

Scott 3 method foi concciitritiii^ the uriiie is desciibed in detail as well 
as the actual technique in cai i iiiig out the test on E ptpieiis 

Reuse of animals which haic giien a positiie test maj lead to false nega 
tive lesiilts 111 the second test Poi this leasoii leuse of such animals is not 
recommended Animals which iiiion piciioiis testing jieldcd negative lesults 
may be loused safely aftei a twciiti tom houi lest peiiod 

All attempt to evaluate the leliahihty of R pxpicw as a test animal has 
been made by inaccting a stand iid test animal (Y laevis) and a R piptexis 
male fiog simultaneously with the same uiiiic specimen and then eompaiing the 
lesultant loactions Both species of animals produced a iceoid of 99 per cent 
accuracy proved clinically 

The seasons of the vein covcicd in this leport (early spiiiig to eaily 
autumn) in conjiinction with the icpoits of othci investigatois working thiougli 
the fall and wintci would iiidu ite that theic is no seasonal oi biccdnig peiiod 
variation in the annmrs lespoiise to gonadotiopio hormone 

With modifieitions in tiie oiiginal technique (desenbed in the body of this 
report), the piegnancy test usiii„ male R inpxcus frogs has proved itself in 
our hands, to be esecptionaUv reliable so imich so tint it has replaced X laevts 
and rabbits in our laboiatoii In addition the shortei leaction period, the 
evceptionally low cost of the animal the leady availabdity of supply, and the 
minimum of laboiatory caie and housing of R ptpiexis make it in oui opinion 
the animal of choice in uiine pregnanev testing 
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AN IMPROVED TECHNIQUE FOR THE TRANSMISSION OF THE 
LANSING TYPE VIRUS OP POLIOMYELITIS 
IN MOUSE EXPERIMENTS 

Chester L B-iRD, Jr 
Chicago, III 

M any attempts weie made to shoiten the incubation period of poliomyehtis 
lutection in aniniak ^ Most of them weie diiected to the production 
of a locus vnnons i esistenhae in the eeiitial neiious system by traumatizing 
the biain tissue Anothei tieud is to meiease the amount of mateiial injected 
by the inti aeei ebi al loute This amount is, howevei, limited by topogiaphie 
and special conditions Attempts to ineiease the usual dose admimstei ed in 
one injection fioni 0 01 ml to 0 03 ml have not been successful as yet Ac- 
coiding to oui own expeiienee, appi oximately 0 01 ml of the injected mateiial 
IS lost by back-seepage if 0 03 ml is injected Thus the pioblem is twofold 
first, theie is a necessity to pioduce brain tiauma by such means as will not 
kill the animal or weaken the viius, second, the amount of injected mateiial 
has to be inci eased by administi ation in a diffeient mannei from the accepted 
and loutine injection into one side of the biain 

In 01 del to achieve this end, it was decided to inject the infective ma- 
teiial into both sides of the mouse cianium Diffeient sites were selected as 
points at which to pieice the skull Pieliminaiy e\penments have shown that 
the laigest numbei of mice suivive when the injections aie given e\actly at 
a point halfway between the outei coinei of the eye and the center of the 
external acoustic meatus 

When the Lansing tj^pe of viius of poliomyehtis is tiansf erred fiom mouse 
to mouse, bi am emulsions ai e used It was mandatory, theref oi e, to use brain 
emulsions tiom noimal, nonmfected mice to deteimine the mortality late 
due to tiauma ivhen using the desciibed loiite of injection 

One hundi ed twenty-five mice wei e inoculated with 0 03 ml of a 10 pei 
cent emulsion of biain fiom noimal mice on both sides of the eianium Only 
thiee (i e , 2 4 pei cent) of the mice died as a lesult of the inoculation Thus 
this method of admiiiisti ation seemed to be satisfactoiy 

Most woikeis piefei cleai suspensions when piopagatmg the viius of 
poliomyelitis by injecting biain mateiial of one mouse into another This 
IS achieied by gimding the biain with aluiidum oi othei suitable material m 
buffeied sahne, filteiiiig thiough gauze, and centiifuging off coaise particles^ 
Finally, the supeinatant is inoculated into the biain of anothei animal 

111 addition to attempting to inciease the biain trauma, we also tiled to 
change the pi epai ation of the infeetiie mateiial by the folloiving means 

The biaiii ivas giound with unbuff eied saline in a moitai without alunduiu 
01 othei similai mateiial The volume of the saline used foi this was ten times 

From the Hektoen Institute for Aledical Research of the Cook County Hospital 
Receueil for publication No\ 12 1948 
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laigei thill the lolume of the hum Aftei thoiough giinding the mateiial 
i\as pouicd into i test tube and left to stand lu tlie icebo\ foi thirtj to sixty 
minutes Then 0 03 ml of the supei intuit uas injected into each side of the 
head of the mouse by pieicing the skull at a point halfway between the outei 
corner of the e> e and the centei of the extciinl acoustic meatus 

Young, Phmouth stiain Swiss nine weie used foi the experiments The 
Lansing tjpc of iiriis was uttned b-y the couitesj of Di SO Lemison, 
from the Mfchiel Reese Reseweh I oundition Table I shows the results of 
expeiiments in which the el issie tei hniqiic and oui modifications were com 
paied It IS well evident fiom flu (abulnfioiis that the technique desciibed 
here gives supei loi lesults 


Table I 


MATLRI VL 

INOCULATFD 

MMUFR 

Ot MICE 

n> 

INCUBATION 

lERlOI) 

VVEItAGE 

TIME TO 

irODUCE 

50% 

UORTVIITY 

NUMBER OF 
MICE DEAD 

FROM 

TRAUMV 

Lmsing virus, crude <ju 3 
pension, bilateral inocula 
tion 

100 ^ 

I 10 « 

5 ± 3 

4 ± 1 

i 

2 

Lansing virus crude sus 
pension, unilateral in 
ocuhtion 

ro 

1 10 3 

10 ± 6 

■ 0 + 2 

1 

Lansing virus in bulTcred 
saline pll 4 0, unilateral 
inoculation 

40 

1 

1 10 > 

12 + 6 

8 ± 2 

1 

Mouse brain, without virus 
bilateral inoculation 

125 

0 

! 

0 

0 

3 


Number of da>s between Inoculation and onset of paralysis 


It lias to be added that in spite of tho laigci traumatization due to the hi 
lateral niooulation, the uioitality of mice due to mechanical factois was verj 
low 

While the lesults achieied hy the use of this technique weie \eiy satis 
factory, it Ins to he coiisideied that the clinical pictuie of tiaumatism of the 
hrain, i e coiitialateial paralysis developing caily after the injection, cannot 
he evaluated m animals aftei mateinl has hecn mtioduced into both sides 
of the cianium This may cause difficulties m the eialuatioii of the lesulfs 

SUIIM \KV 

-iVn improved technique was dcsciihcd foi the piopagatiou of the iiius 
of poliomyelitis from mice to mice This method consists of injeetiiig less 
purified suspensions in unbuffered saline hilateially into the brain 
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A METHOD FOR THE DETECTION OF LACTOSE IN URINE 


Andrew A ORMSB-i, Ph D , and Shirley Johnson 
Ct vlveston, Texas 

I T IS common expeiience m clinical laboiatoiies that the published methods foi 
the detection of lactose in uime aie unsatisfactoij'^ Peimentation tests are 
pieteiable to otheis but, unless eaiefully peifoimed and inteipieted, may lead 
to false conclusions The eheniical methods, which should seive at least to con- 
fiiiii the lesults oi feimcntation studies, aie found to be uanting in both sensi- 
tuitv and specificiU Among tbe mani chemical pioceduies which have been 
deseiibed is the methj lamme test' Umie suspected of containing lactose is 
boded with a small amount of methylamme and then made stiongly alkaline 
with NaOH, a led eoloi indicates the piesence of lactose As deseiibed, the 
method is not sensitive and lesults cannot be consistently lepioduced 

A study of the factors affeetino the methvlamine reaction has indicated 
that, undei the piopei conditions, this test can be made veiy sensitive, and the 
lesults aie so lepiodueible that, with ceitain lefinements of pioceduie, it may 
be adapted to the quaiititatne deteimiiiation of lactose By the methylamme 
reaction we aie able to detect quantities of lactose which aie not detectable by 
the usual Benedict’s test foi i educing sugais 

procedure 

To 5 nil of urine add 1 ml of a 0 2 pei cent acpieous solution of methylamme 
hj diochloride, and 0 2 ml of 10 per cent NaOH Mix by mveision or gentle 
swilling Covei the tubes with glass bulbs oi maibles and place in a water bath 
at 56° C for thirty minutes Remove from the bath and allow to stand at loom 
temper atuie 

If the urine contains much lactose a red color will be apparent before the 
heatmg period is completed The color increases as the tubes aie allowed to 
stand at room tempei atuie, leachiiig a ma\inium iii about an hour Hence, if 
the concentiation of i educing sugai is low it is best to obseiwe the tubes aftei 
thej have been allowed to stand foi some time 

discussion 

Sensitivity — An intense red coloi is obseiied after fifteen to twenty minutes 
at 56° if the mine contains 0 5 pei cent lactose This is a concentiation uliich 
gives a Benedict’s reaction usually inteipieted as one plus A 0 05 pei cent 
solution of lactose in mine, which is rcgati\e with Benedict’s leagent, gives a 
slight but definite positive leaetion after standing for thirty minutes at room 
tempei atuie In older to detect tiaccs of lactose it is best to run a control, 
containing water in place of nictliA lariine, in oidei to aioid confusion caused 
I)j the color of the mine 

From the Department of Bioehemistr> and Nutrition and the Clinical Laboratories of 
the John Seal> Hospitals Lni ersitj of Texas "Medic'll Branch 
BeceKed for publication Dec 20 1948 
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Othei buottis — The onh sii^ iis which „i\c a led coloi in tlie metlnhmme 
icaction ale the itilucm^ disiich iinlca Flic only members o£ this gioiip which 
ha\e been found in in me aie laitosc and maltose itlaltose, which has been 
reported as oeciiriin„ in a few inslaiues seldom has been identified definitelj 
Glucose, fiuctose, \jlose ^ dactoso ind suciose iii laige amounts gi\c a yellow 
color which is icadily distinguislud tiom the lactose leactioii 

Tcmpcralui c and W ahiiitt / — Although a moie intense coloi is iiroduced 
at higher tempeiatuies the nitci pi elation of the icsults is made difficult because 
of an mfcifcini^ coloi caused In c n aincfi/atioii of the su„ar A tempeiatuie 
of 56” maintained foi thiitj niinutcs gnes an intense coloi with lactose and 
causes little eaiamelization is shown b\ the slight coloi of the blank This 
temperature was chosen liccause it is dose to the optimum and baths at this 
teniperatuie, used foi niactnatioii ol seiaini, aic geiiciallj available in clinical 
lalioratoiies 

The optimum amount of N lOH was found to be 0 2 to 0 4 ml of a 10 per 
cent solution Since, how evci the laigei amount causes an iiieieascd blank color, 
it is advisable to use only 0 2 millilitei If the amount of 10 per cent NaOH 
added is eithoi laigei oi smallei than 02 to 04 ml , the inteiisitj of color giycn 
hj lactose is deci cased 

Aeration — It was noted in the oiiginal description of the methylamnie le 
aetioni that the color is decreased if the tubes are violently shaken This lesult 
lias been ooiiflimed and it is therefoie advisable to avoid aeration For this 
purpose the contents of the tubes arc mi\cd gentlj and, during the heating 
period, are kept eoveied 

Effect of Ammonia — The concentration of ammonia has a marked effect on 
the intensitj of color pioduced by a given amount of lactose (Table I) In the 
table the amount of methj lamiiie added is smallei than that recommended yy hen 
using the leaction to detect lactose in mine The concentrations of methylamine 
and lactose were adjusted to give intensities which could be read on the IGett- 
Summerson colorimeter, using a No 54 filtei 


Table I 5 ml 0 3 Pec Cent Lactose 0 5 mo of vlETHYL-yMiNE Hydrochlotide 0 2 ml 
10 Per Cest NvOH iievted at 56 lOR 30 Mih , Read Aftet Standino 1 Hr 


NH N added 

1 0|0^|04|0s|10|50|10 0|15 0|20 0 

wcadings 

) b- ) 80 J 91 1 109 1 121 I 24C 1 _32 1 0 | 0 


It IS evident that increasing amoiints,of ammonia up to 5 to 10 mg , enhance 
the color, but if addition of ammonia is continued, color development is com 
Pletely inhibited Ammonia, in the absenee of lactose gives no red color, but 
appeal's to increase the yellow color asenbed to caiamelization this effect again 
increasing until 10 mg of NHj N have been added and then falluig off to zeio 
It 13 unlikelj that the presence of ammonia in fresli mine would cause 
inhibition of coloi development fiom lactose, since this would require gieater 
than 2 mg ammonia N pel miUilitei of uniie an unlikely concentration It is 
Possible howevei, that if uiine is allowed to stand until bacteiial decomposition 
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of luea has piogiessed markedly, that a concentiation of ammonia gieat enough 
to pioduee inhibition might he i cached In such a ease the ammonia is readily 
lemoved -with peimutit 

Quanhtatiie Detei minahon of Lactose — Pieliminaiy experiments have in- 
dicated the feasibility of applying the methylamine leaction to the quantitative 
deteimination of lactose In this case the tactois of temperatuie and alkalinity 
must be caiefully eonti oiled In addition, the amount of ammonia piesent must 



be known and adequate compensation piovided The ammonia may be detei 
mined and enough added to the standaids to equal the amount piesent in 5 ml 
of mine A bettei pioeeduie appears to be the removal of ammonia fiom the 
mine AMth peimutit, and then the addition to blank, standaids, and mine 
sample of 5 mg of ammonia-N, tlius utilizing the ammonia to increase the 
sensitivity of the method t 

If the method is to be used quantitatively it is necessary to compensate foi 
the coloi of the mine by using a blank containing mine, but no methylanime 
A deteimination of the absoiption spectrum of the coloi ed substance (Pig 1) 
sho^\s t-«o absoi-ptiou maxima, at 425 and 540 millimieions Although there is 
gieatei absoiption at 425 nijn, the blank also shows gieat absoiption at this 
^^a^e length, wheieas at 540 ni/t the blank exhibits seaicely any absoiption 
Readings aie, theiefoie, made with a filtei having its greatest tiansmittance at 
540 niilliniicions 
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SUAXM VRY 

1 The metlnlnmine leaetioii can be utilized, under the coirect conditions 
for the detection of small amounts of lactose m mine 

2 Pieliminaij e\peiiments indicate th-it the method might be adapted to 
the quantitutue detciiniii ition of lactose 
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A VISCOSITY-EFFUSION METER FOR MEASURING THE 
CONCENTRATION OF ANESTHETIC GASES 


R N H \RGER, Ph D , Eugene S Turrell, M D , and J Martin Miller, M D 

Indlvn vPOLis, Ind 

P UBLISHED methods foi estimating the eoiicentiation of ethei and other 
anesthetic gases m an, oi an pins oxygen, aie not suitable for loutine use 
in the opeiating loom Foi detei mining ethei both chemical and physical 
analytic piocediiies have been deseiibed The foimei include the combustion 
method of Spenzei,^ the method of Nieloiix,- later modified by Shaffer and 
Ronzoni,^ in which the ethei vapoi is absorbed in 50 pei cent siilfuiic acid and 
subsequently oxidized with dichi ornate, and the iodine pentoxide method of 
Haggaid^ The time lequned to complete such chemical analyses lenders the 
lesults of little immediate use to the anesthetist Pliysical methods which 
measuie the inciease in gas density caused by the piesence of ethei have been 
lepoited by Boothby,^ who used the Wallei® gas balance, and by Haigex and 
co-woikeis," employing a modified Cady® gas balance These vapoi density 
methods vield immediate lesults, but the necessaiy apparatus is too cumbeisome 
to be used except foi leseaich wheie tiained technicians aie available to opeiate 
the gas balance Kruse® deteimmed ethei in an by means of the Guthiie ana- 
lyzer,^® using concentrated sulfuric acid to absorb the ether, and Seeveis and 
associates'^ used the gas analysis apparatus of Burrell, Seibert, and Jones'® to 
determine cyclopropane in an, emplovmg fuming sulfuiic acid as the absorbent 
for cyclopropane These methods, which measuie contraction in gas volume 
following absorption of the anesthetic gas, require a technician and take some 
time 

In an effort to develop a very simple, rapid, automatic analytic method foi 
anesthetic gases we have experimented with a number of physical procedures 
We fii-st used twin flowmeters operated in senes with a tube containing activated 
charcoal betrveen them to absorb ether vapor, the apparatus being essentially 
that of Stiache and co-woikeis'® as modified by Sautei This gave fairly good 
results but required the constant use of the absorbent Next, we tried methods 
depending upon the decrease in viscosity produced by ether, either by measuring 
the rate ot flow through a capillary tube at constant pressure, or bj determining 
the change in pressure between the capillary ends at constant flow We then 
substituted for the capillary tube a fine orifice in a thin plate^ which would 
measuie change in rate of effusion caused by alteration of gas density, in con- 
formity to Graham’s lau The effusion molecular weight apparatus of Eyiing'® 
is a somewhat recent application of this principle In our hands both viscosity 

From the Department of Biochemistrj and Pharmacology Indiana University School 
of Medicine 
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and effusion methods cfuie (luitc sitisfdclou loadiiij^s hut it was found some 
ivhat difficult to nmutiiu coustan(> ol an tloiv oi piessiue diffeieutial 

Fiuall} , no found tint thcsi diffieullus could be aioided bj an airangement 
uiueh legisteis the combined cbingis in iistosili and densiti Oui apparatus 
IS a modification of the del in dcMiibed in 1920 bj Vieboff^^ foi deteiminiiig 
the concentration of caibon dioaide in Hue „as In Vielioff’s apparatus the gas 
to be analjzed is di iiiii tliiougb i c ipillaii lube and then tbiough a fine oiifice 
Using a common suction, oidintn ui is di mil tbiough an identical tube and 
oiifice, and a manometei conncctm^ llic two limbs bj means of side aims placed 
betiieen the capillaij iiid oiifiit n^istiis ani picssiiio diffeience botiveen the 
tuo limbs Since caibon dioxnb bis i bigliei densitj than an its piesence 
reduces the late of elliisioii tbioiub tin oiificc in the flue gas limb, while the 
lower iiscosity of caibon diosidi as lonipaied with an causes a decicasc of the 
resistance to the passage of gas tbiniub the coiicsponding capillaij tube These 
changes in effusion and \iscositi in additne and lesult in an ineiease of gas 
pressure in the flue gas aim of tin ippiiatus thus piodiicing a rise in the man 
ometer on the an side Acfonliiu to Dcnius and Niebols'” the presence of 
nioistuie and other inipuiities innifdos somewhat with the accuracy of the 
method when used foi flue gas Tin \ nhofl: \iseositj effusion budge has been 
employed bj Jenkins’" for dotiiiiiimng the Icicls of both o\jgen and caibon 
diOMde inside an osjgcn theiapi fhambci 

Since ether also has i higher deiisitj and a lowei iiscositj than an or 
oxygen, the diffeiences being much gieatei than for caibon dioxide, this pio 
cedure somewhat modified was found to be admiiabh suited foi the deteimina 
tion of ether 

AVhen using the Viehoff appaiatus to aiiahze the lebieathcd gis fiom an 
anesthetic machine, one cannot diiploi an as a lefciencc gas since the oxygen 
content of the lebreathed gas is ficqucnth far nboxe 21 pel cent, so that an 
absorbent must be constantly used for one limb Uoi this leasoii we haie modi 
fied the apparatus by using oiiK one of the twin limbs and connecting the 
manometei to the two ends of the capillaiy tube The picscnce of othei causes 
a marked diop in the manometei lex el To establish the base line the inlet is 
provided with a two way stopcock by means of which one can momentarily shunt 
the gas thiough a tube containing chaicoal or other suitable absorbent Tins 
base line changes rather slowly duiiiig a singical operation so that an occasional 
adjustment will suffice In order to maintain a constant flow for a gixen gas 
niixtiiie, the suction employed distal to the oiifice is 1 ept above the ciitical 
point of about 40 cm of meicury (Saint Venaiit and Wantzel “) The ap 
paratus is extremely simple and operates automatically, giving prompt con 
tinuous leadings of the concentiation of ether vapoi 

The method was found to he satisfaetoiy foi the deteiniination of nitrous 
oxide, cy clopiopane, and ethy leiic in the piesciice of nitrogen or oxygen Nitious 
oxide and cyclopropane each has a higliei viscosity but a lovvei density than 
oxygen or nitiogen while ethylene has about the same density as air but a much 
lower viscosity ° With a tcinary mixture of nitiogen oxygen and one of these 
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gases the pei cent of oxjgen must also be deteimined, but this can be accom- 
plished quickly with the Pauling-Beckman apparatus Helium in an oi 

oxygen may be measuied by oui effusion-viscosity device The much lowei 
density of helium causes a maiked use in the manometer column The apparatus 
will also indicate the appioximate percentage of oxygen in nitiogen, but with 
the manometei used foi ethei the change in level is small The reason for this 

15 that the density and viscosity of oxygen are both slightly highei than foi 
nitiogen so that the tvo changes act oppositely Since the viscosity effect is 
gieatei than the density effect, the lesult is a small rise in manometei leading 
when 0X1 gen is added to nitiogen 

One also can use the appaiatiis to deteimme both nitious oxide and ether 
and cyclopiopane and ethei when these pans aie piesent in the gas mixtuie, 
since one may selectively lemove the ethei, thus obtaining a second leadmg foi 
the ethei -flee gas Howevei, since the total manometei drop exceeds the sum 
of the diops due to ether and nitious oxide or ether and cyclopropane, it is 
neeessaiy to employ a table oi nomogiam constiucted fiom obseived manometei 
leadings with vanous mixtuies of ethei -nitrous oxide or ethei -cyclopropane m 
ail 01 oxygen Oui data foi this pin pose aie not yet complete 

DESCRIPTION or APPARATUS 

The type of apparatus which we have used is shown in. Fig 1 The example described 
has an air flow of about 100 c c per minute, and a manometer height of 52 cm , which gnes 
a drop of about 1 cm for each per cent of etlier For compactness it is mounted on a 
vertical board 24 in long and 5 in wude, Iiaimg a horizontal base S in long located on the 
back and about 10 in from the lower end In this way the appaiatus projects only about 

16 in above the table on which it is clamped, a part of the manometer being below the table 
le\el A small shelf for supporting the manometer bottle is located at the bottom of the 
\ertical board The various parts are as follows 

Capillary Tube — This tube (A) is 50 cm long with a bore of 0 67 mm and with the 
intake end sealed to a glass H For conserving space the capillary is bent in the form of a 
U, with care taken to a\oid constricting the bore while bending The outlet from the 
capillary is connected to the orifice (B) 

Variable Besistance to Gas Flow (D ) — Tins arrangement, described bj Hofsa 3 s ,22 is 
placed at the intake of the capillarj tube The \arible resistance is a piece of 27 gauge 
(0 4 mm diameter) nichrorae or platinum wire extending a short distance into the lumen 
of tube (A) The position of the wire may be adjusted by means of a gastiglit metal screw 
attached to the top of the ware Since the only gas pressure at this point is that required to 
draw the gas through the absorption tubes, it is not diflficult to secure a gastiglit jomt for 
this adjusting screw One can use a small glass rod sealed to the wire, which slides inside 
a rubber sleeve 

Orifice — -The orifice (B) is placed between the exit of capillary (A) and the suction 
tube (C) This orifice has a diameter of 0 12 mm and is drilled m a sheet of platinum 0 01 m 
thick, using a special drill for this purpose * The sheet of platinum is bolted between two 
opposing brass plates so that the orifice is between two brass tubes soldered into holes in the 
centers of the plates Gaskets of tlun sheet tin are used to insure tightness A plug of 
cotton IS placed in the line immediately ahead of the orifice so that dust particles will not 
collect on the orifice and change its diameter 

•This drill was obtained through the kindness of the National Jet Company Cumber 
land Md 
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Pig 1 — .Diagram of \lEcoslt> effusion meter 

i^ojiomefer — Tins ts connecteil to side irms just beyond the two ends of the capillarj 
tube It 13 of the resort oir tjpe the gla s tubes having an inside diameter of about i niilli 
meters TJie le cnoir is a 2 oz widemouthed bottle iiith an inside diameter of about 3 0 
em and is fitted i\itli a two hole rubber stopper In this way more than 90 per cent of the 
^bift in manometer lc\el occurs in the glass tube on the right ^^e use a freeflouing manom 
eter oil having i specific gravitv of 0 827 and containing a red dje 

pass for Absorption — A two way stopcock (E) with a 2 mm bore is attached to the 
>alet end of the capillory fA ) so that the gas to bo tested may eater through the plain tube 
or through the absorption tube (F) which contains a lajer of the absorbent followed 
calcium chloride The reason for the calcium chloride in tube (F) is that charcoal and 
ctlier absorbents frequently giio some moisture Stopcock (E) is lubricated i«?ry Ughtly 
with a silicone grease, avoiding any of the lubricant in the lumen 

This manometer oil Is sold l)> The Mcriam Instrument Companj Cleveland ■> Ohio 
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Tvle fot 'Removing and CO — This tube (H) thiough uhicli the gas first passes is 
filled with soda lime followed bj calcium chloride None of the anestlietic gases which we 
ha\e tested is absorbed by calcium chloride or soda lime 

Source of Suction — One can use an ordinary good water aspirator with a trap in the 
line to prevent the backflow of water due to changes m water pressure Since the apparatus as 
described has a flow of onlj about 100 c c per minute, we have used as a portable source of 
suction a strong 10 gal steel drum winch had been eiacuated with a water pump This drum 
IS proiided with a closed end mereurj manometer so that one can make sure that the pres 
sure inside it is always less than about 350 mm of mercury To avoid collecting ether vapor 
in this drum we use a large absorption tube containing charcoal which is placed in tlie suction 
line (C) between the drum and the orifice 

Joints Betmeen Paits — All joints thiough which the gas passes before it escapes 
through the orifice should be as nearly glass to glass as possible since rubber rapidly absorbs 
ether and other anesthetic gases Sucli absorption causes a lag in reaching the correct 
leading 

Connection for Anesthetic Machine — This is a metal tube about 3 in long, machined 
to fit between the end of the hose from tlie mask and the metal hose connnection of the 
maehme This tube has a metal side aim with an internal diameter slightly larger than 
that of a piece of eapillaiy tubing with about 2 mm bore winch connects the inlet of tube 
(fZ) with the breathing tube of the anesthetic machine This glass connecting tube is pushed 
inside tile side arm of the metal sleeve so that its end is flush with the lumen of the breath 
ing tube, and the connection between tlie glass and metal tubes is made gastight by means of 
a rubber sleeve 


PROCEDURE 

Unscrew adjusting rod (U) so tliat the lower end of the wire is in the enlarged portion 
of the capillary tube (A) Connect the vacuum source to (C) with air entering at (S) 
The exact degree of partial vacuum is immaterial, so long as, it is below 40 cm of mercury 
The manometer should now register 45 to 48 cm above the reservoir level Lower the wire 
of (Z>) until the manometer reads 52 centimeters This is the leference point for all measure 
ments with this particular apparatus Mark this point on a sheet of caidboard mounted 
next to the manometer tube Connect the inlet with the gas mixture to be analyzed, opemng 
tlie stopcock of the gas containei before connecting it to the apparatus Turn stopcock (E) 
to shunt the gas through the absorbent in (F) After waiting about thirty seconds to allow 
the entering gas to flush out all gas previously in this limb of the apparatus, read the nia 
nometer level If it is not at the reference pomt of 52 cm , adjust the variable resistance (B) 
until the level is exactly at this point Now turn stopcock (E) so that the gas enters through 
tube ((?), making sure that the stopcock lumen is fully open IVlien the manometer reading 
IS constant, which usually occurs in about fifteen seconds, record the fall, or rise, from the 
reference point, measured in centimeters Repeat the procedure with various other con 
cpiitrations of the anesthetic gas and use the data to plot concentration against manometer 
deviation from the rcfeienco point The resulting curve will approach a straight line This 

curve may be used to construct a scale for the instrument, the ether scale being shown m 

Fig 1 

The absorbent for ether alone should be 12 to 24 mesh activated charcoal, which will 
absorb about one third of its weight of ether before allowing any to pass With cyclo 
propane, tube (F) is leplaced with an absorption tube containing pumice impregnated wit 
concentrated sulfuric acid For mixtures of ether and cyclopropane the apparatus inlet is 
provided with a third bmb contaimiig an activated fuller’s earth absorbent, Florisil,* follow e 
by calcium chloride, and tube (F) contains pumice impregnated with sulfuric acid IV hen 

the gas is shunted through tube (F), this absorbs boUi ether and cyclopropane Wien 

shunted through the third tube (not shown in Fig 1) the Florisil absorbs ether but, excep 
for the first few seconds, no cyclopropane 


•The Florisil was klndlj furnished bj the Florldin Company Warren Pa 
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For uitrous OMdo 'ind ethjJcne tlio mduometer deprc'^aiou is read watii the reference 
point set for \ir or oxjgeu This ih bteau e we luixe found no atisf ictorj absorbent for 
either of these gases I urthermore thtir concentrations duriiie, anestlicsn are usually too 
high for them to bo removed for an\ hngth of time 

PREI 4KVTION A\D STOU4GE OF SPECIFIC Q VS MLVTURES 

Since ether and other anesthetic ga cs readily enter and pass througli rubber and 
othtr plastics ind di‘isohe m water an 1 most otJier fluids except raercurj, it is necessarj 
to niLX and store these e,n es m mitenils whieli arc impervious to them Our gas mixtures 
Were prepared and stored either m flexible aluminum bags demised bj us or o\er mercury 
m a glass container Thise two procedures will be brieflj described 



Flff — Parts and assemblj of flexible aluminum eas bags 

Flexible Aluminum Gas Fags — The parts and construction of these bags arc shown in 
Fig 2 The bag material is sheet aluminum 0 001 to 0 0015 in thick covered on one side 
with a heat eahn^ plastic (Pliofilm or Metalam) The material was purchased in a 100 ft 
roll 18 to 30 in wide* This sheet uluminum is manufactured for hermetically sealing 
coffee drugs or articles which maj be injured by exposure to moist air As cdmmonlj u*?ed 
two identical rectangles are cut from the sheet and the substance to be preserved is placed 
betireen them witli the plastio surfaces facni,, each other Heat from a laundry iron is then 
applied around the peniiherj of the sheets which causes them to seal together where heated, 
forming a gastight joint Since we found that ether was Bomewimt absorbed by the plastic 
coating, ne employed an arrangement involving a mimmum of exposure of tlie jilastic on 
the interior of the bag A rectangle a little over twice the size of the finished bag is cut 

sheet aluminum coated with a heat Seallns plastic was purchased from The Dn 
uccKnuni Companj Cleveland Ohio 
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from a sheet This is laid on the table with the plastic side down Along each edge of the 
sheet a strip about % in nide is then folded over and pressed down as shown in the sketch 
The sheet is then doubled together to form the bag, making sure that the exposed plastic 
coated strips on the upper Iialf are superimposed on those of the lower half Before the 
sealing operation, a reinforcement for the inlet is sealed to the outside of one side of the 
bag, holes of proper size are cut in this reinforced portion, and the inlet is bolted in place, 
using thin sheet tin gaskets to insure tightness The two halves are then sealed together 


0 



with a hot laundrv iron, using a sheet of paper between the iron and the plastic surface, 
after which a bindei about 1 in wide is sealed to the four edges of the bag If properlj 
made these bags are absolutely gastight After continued use thej develop small pinhole 
leaks and should be discarded However, a bag having a few \erj line leaks may still be 
used jirov ided the gas inside it is kept under slight pressure by placing a newspaper or 
rather large towel cn top of the bag As valves for these bags we use an unlubricated, well 
ground, Pviex stopcock The glass tube of the stopcock should fit fairly snugly inside the 
copper mitt tube and should be pushed two or three inches into this tube using a rubber 
sleeve to make a tight joint between the two In this way very little gas inside the bag 
comts in contact with the rubber sleeve When stored in these bags, mixtures of air, oxygen, 
or nitrogen with ether or the other anesthetic gases retained a constant composition for several 
hours 

FilUng the Bags With Specific Gas fixtures With ether, the liquid (absolute) is run 
from a mieroburette into a closed glass vaporizing tube ibout 1(4 m by 1 in (Fig 3) "it'* 
its lower half pi iced in water heated to around 00° A short vertical inlet tube with a 
side arm is sealed to the top of the vaporizing tube The microburette has a long, tapering 
tip which extends through this vertical tube, the joint between the burette and vertical tube 
being closed with a rubber sleeve A second tube, which serves as the outlet, extends almost 
to the bottom of the vaporizing tube Air, oxygen, or nitrogen to be mixed with the ether 
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enters the side arm of the inlet tube and the mixture i\ith the ether \'ipor tlien emerge 
through tlio outlet tube which connects to the gas bag with nil joints as nearly glass to glass 
as possible Tho introduction of the liquid ether should be finished shortly before the last of 
the other gas is run through the \aporizing chamlicr in order to transfer all of the ether 
lapor to the bag I calibrated llownieter measures the rate of flow of the gas entering the 
raponzing tube One cubic centimeter of liquid ether when mponzed will occupy 232 cc 
at 21 and 7C0 millimeters Prom this figure corrected for existing conditions of tempera 
tore and barometric pressure one can calculate the lolume of liquid ether required to prepare 
the desired concentration of the \apor after it is mixed with a given ^olurae of the other 
gas In calculating the resulting per cent of ether vapor in the mixture ono must correct 
for the increase in volume due to the addition of ether vapor After being filled with the 
gas mixture, the bag hould bo hneaded to mix the contents To further insure com 

plete mixing the gas should be allowed to remain in the bag about ten minutes before it 
18 u ed 

With compressed anesthetic gases the tank valve or a suitable reducing valve is con 
nected to a flowmeter calibrated for this particular gas The stream of gas from tins flow 
meter enters a Y tube where it meets a stream of air oxjgen or nitrogen tho speed of which 
13 also controlled bj means of a second flowmeter Wien the rates of the two gis streams 
arc properlj regulated the outlet of the It tube is connected with the gas bag ^Vhen using 
this procedure we commonlj prepare from to lt> liters of tlie gas mixture 

^ an alternate mctliod for measuring tho required volume of a given gas, one maj 
employ a dry gas meter constructed from a 100 cc hjpodermic sjnnge bj cutting off a 
suitable length of the inner end of the plunger and using this section of the plunger as a piston 
discarding tho remainder of the plunger The piston should be of such a length that a one 
hole rubber stopper which closes the open end of the springe serves as a stop when the inner 
end of the plunger exactly readies the 100 c c mark The open end of tlie piston is closed 
with a well fitting cork which i inserted so that its exposed end is just flush with the end 
of the piston If the piston is left open it will take a longer time to flush out the apparatus 
when cliangiiig gases The svrmge is mounted in a horizontal position The two ends of 
the sjnngc are connected by glass tubes to a special stopcock which is bored to reverse tlie 
direction of flow for each 90 degree turn of the handle To avoid a significant increase in 
pressure withm the 8>rmgo wlulc turning the stopcock a dr^ 50 6c h>'podermic sjringe is 
mounted in a vertical position with its opening at the bottom and connnected through a T 
tube to the line between the tank and the svnngc gas meter Any gas which collects m this 
vertical springe at the end of an excursion of the piston m the 100 c c sjnngo will be added 
to tho latter ayrmge in the next stroke of the piston Witli a well made sjringe the gas 
pressure required to operate this meter is no greater than that needed for a standard wet 
gas meter, and there is practicallj no gas leakage between piston and barrel This apparatus 
equipped with an automatic reversing valve will be described in a separate paper The 
graduations on the lOO cc 8>ringe should of course be properly checked with a good gas 
burette 

Glass Chamber for Preparinr; and Storing Gas Mixtures Oier ifcrciiry — Tins apparatus 
18 shown in Fig 4 Our gas chamber has a volume of 1125 cc with the mercurj level 
(-1) A dry, well fitting Pjrcx stopcock with 4 mm boro ( 1) is sealed to the top of the 
chamber Just beyond the stopcock the tul>e branches Tho vertical hmb (I^) is for inserting 
the tip of a 2 c c burette (C) through the bore of the stopcock (A) V rubber sleeve makes 
a gaatight joint between tube (B) and tho burette Sealed to tho horizontal limb is the 
female portion of a 12/30 standard taper Pyrex joint (D) The male portion of joint (D) 
13 sealed to a glass T the long arm of the T being a capillary tube (E) with 2 mm bore 
which serves as delivery, or inlet for the chamber The drj glass joint which is held to 
getlier witli rubber bands permits a vertical motion of tube (E) The horizontal limb of the 
T (F) 13 constricted and joined through a rubber sleeve to the outlet of a dry 100 cc glass 
Bjringe with part of the plunger cut awaj leaving the remainder as a free moving pistom 
This piston senes as a pressure equabzer so that gas leaving tho chamber is always at atnios 
phene pressure The pressure tubmg connecting tho chamber and the leveling bottle is fitted 
with a screw hose clamp 
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htUer Mixtu\et> The gas to he niived with ether is stored in an nlummuin bag 
ind IS kept undei a slight positiie pressure placing a magazine oi large towel 
on the bag Open stopcock (A) and elevate the leveling bottle Unsciew the hose 
clamp and allow the meicuij to completelj fill the chamber and ascend past the stopcock 
almost to the level of (D) Close stopcock (A) and the hose clamp Connect the gas bag 
to (E) leaving the bag v live closed B\ means of a 50 c c dry syringe withdraw gas through 
(2>) until syringe ((?) is empty Now open the gas bag valve and withdraw about 50 cc 


Fig 



of gis to flush out the tubes Disconnect the 50 c c syiiuge and quickly close (B) with 
a glass rod Completely open stopcock (A), lower the leveling bottle, and momentarily open 
the hose clamp to permit the mercury to descend about an inch, and then close the hose 
clamp Eemove the rod from (B) and quickly insert the burette (C) which contains anhydrous 
ether, making sure that the ether fills the tip The burette stopcock is lightly lubricated 
with a silicone grease The tip of the burette should project about 1 cm below stopcock (A) 
Slightly unscrew the hose clamp to permit a slow inflow of the gas during the introduction 
of the ether, and then run in the desired volume of liquid ether Next, with the gas still 
entering slovvlv at (M) quickly remove the burette and close (B) with the glass rod Close 
stopcock (A) and lower the niercuiy level to about the middle of the chamber so as to 
vaporize all of the ether Aftei about five minutes open stopcock (A), unscrew the host 
clamp, slowly lower the niercuiv level exactly to (X) and then close the hose clamp As 
soon as the gas in the chamber reaches atraosplieiic pressure, close stopcock (A) Allow the 
mixture to stand fifteen minutes to insuie complete mixing From the chamber volume (14“^ 
cc) and the volume of liquid ether introduced, calculate the per cent of ether vapor in the 
mixture Chocks of such mixtures with a modified Cady gas balance and other methods 
showed excellent agreement between cilculated and obseived results Once made, such a 
mixture will retain a constant composition for days 
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Mixtures of Other InesOietit Gose« Vs «ith ether, tlio diluting t is js stored in an 
ilunimmn bi^, Accuratch incasurt tlio iicce&sarj volume of tJic anesthetic gaa tho 
sArmjjC ^as meter prt\iousl^ destnbed or means of a mercury filled gas burette and 
then introduce it tJirough tube (3) Run m the diluting gas tiirough tuba (S) is uith other 



He S — nanometer drop for various concentration of ether In nitrogen and in oxaecn (5w 

cm base line) 

Before connecting dclucr> tube (A) to the M3C08it> effusion meter close tube (B) 
hitli a glass rod and withdraw gaa from (E) until syringe (G) is empfcj Tlien open stop 
cock (A) and uith the leveling bottle sonionhat elovated slightly open tho hoso clanap to 
permit a slow escape of gas from the chamber NeAt turn on the viscositj effusion meter with 
air passing through it and then connect tho inlet tube of tho meter with tube (j?) Regulate 
the flo V of raercury into the chamber so that the pi-itoo of sjringo (G) is about at the luid 
point This piston greatly facilitates tho transfer of gas from the chamber to the meter 

Caution regarding gas mixturesll! Ether ci/clopropane and etht/iene when mixed 
with avr or oxygen are htghly inftaminaWr and in contact with a hot sparh they will explode 
with great violence Avoid flames or sparks In tb© vicinity of such mixturcsHI 

VISCOSITV Ef’FUSIO^ METER READINGS WITH KNOWN CONCENTRATIONS 
OF ANESTHETIC GASES 

The results with ethei in the pre^Jeucc of nitiogen or o\ygen aie sho-itn 
in Fig 5 The mtxtines iveie prepared and then composition cheeked, 
as (ieaciibed m the pieceding section It 'nill be noted that the readings for 
ethei m o\igen are about 3 pel cent hig)icr than those foi ether m nitrogen, 
^vlth both curves approaching stiaight lines Since tlie oxygen content of re 
breathed gas durnig anesthesia with ether is usualK at least 50 pei cent, the 
scale for ethei was constructed from a curve midwav betvveen the ether nitrogen 
and the ethei owgcn eunes, nhieli v\ is shown to be the cunc foi ether mil 
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N + 0 In tJns Mai the k ninir^s tic uithin 99 and about 101 pei cent of the 
collect fitjiuc 

1 6 qUcs the lusults foi })inai\ mi\tuies of nitrogen with ethei, cyclo 

piopane, etlnlenc, nitious o\idc c ubon dio\ide, and o\ygen In the case of 
o\jgen the icsults rcpiescnt a use in niaiiomctei leading, the otheis being a 
fall In all cases the iefcicnc( ]»oin1 was set at 52 cm with mtiogen onlj If 



tje 8 — Manometer drop for tejnar\ mixluiea of nitrous oxide nitrogen and oxygen 
(62 cm base line with reference point set for air Oxjeen percentages are for oclopropane 
free gas ) 


till, manometer depression for ctliei in nitiogen is e\pies.sed as 1 0 the lelatne 
depiessions pioduced bj the same coiicentiations of the othei gases aie, le 
spectively ejclopropane, 0 51 etiijlene 029 nitious o\ide 022 and caibon 
dioxide 0 20 , with a rise for o\j ^en of 0 043 

Vaiious mixtuies of cj clopiopane an and cj clopropane owgen weie run 
"ith a second iiscositi effusion inetei ha\ing a leference point of 62 centimetei-s 
Tile lesults (Pig 7) show that the readings with ox; gen aie all about 8 per cent 
Inghei than with air In deteiininmg ejclopiopane dining anesthesia one 
should also deteimine the pei cent of oxxgeii and use a eiiixe of the tape of Pig 
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ETHER • OXYGEN ♦ OPERATION STARTED 

Fie, 9 — Concentration of ether and oxyten in rebreathed gas during six surgical operations 
Percentages are for the gas after reino\ai of ^^ate^ and carbon dioxide 


7 to lead the coirect per ceut of cyclopiopaiie The pei cent of oxygen may be 
detei mined with the Pauling-Beckman oxygen metei, or by compaiing the lead- 
ing of the cyclopiopane-fiee gas with that foi aii and calculating the oxygen 
content fiom the type of oxygen-nitiogen ciiive shown in Fig 6 

TeinaiY mixtuies of NoO, O,, and N 2 weie also tested with the viscosity- 
eftiision metei ha\ang a lefeience pomt of 62 cm with this leference point set 
toi an The results aie given in Pig 8 To determine the pei cent of nitious 
oxide dining anesthesia, one should note the depression below the base line foi 
ail piodiiced by the N„0, O^, mixtme and also deteimine the per cent of 
oxrgen witli the Pauling-Beckman oxjgen metei Piom these two lesiilts and 
tlie curres oi Pig 8 one can calculate the pei cent of nrtious oxide 

Viscosity -eftusion metei readings of ternary mixtuies of ethei-cyclopiopaire- 
oxrgen and ethei-nitious oxide oxr gen aie now being obtained When sucli 
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suncys are completed we should be able to construct tables or nomogiams to 
enable one to use the viscosity effusion meter to determine both ether and 
cjclopropaue and ethei and nitious o\ide nlien these pairs are used for 
anesthesia 

CONCENTE ITIONS OF ETHER AND OWOEN DUBINO SUHGICAL ANESTHESU 

jMeasuiemeiiLs with a iiseositi efflision meter iiere made on the lebreathed 
gas fiom an anesthetic machine duiing a large number of surgical operations 
n here ether was the oidj volatile anesthetic used For the ether determinations 
the reference point iias set witli the etlier free gas Oxjgen detennmations iveie 
lun on tlie ethei free gas iiith the refeience pomt set with air Pig 9 giies the 
results foi six of these cases, iihich illustiate some of the vaiiations obseried 
It will be noted that, folloning tlie induction period, the concentration of the 
ether during the lemamdei of the operation ranged fiom 2 to 3 per cent foi 
Case 5 to 5 to 7 per cent for Case 3 In all of the cases tlie oxjgen content 
of the rebieathed gas was high, ranging from 70 to 80 per cent during most of 
the opeiation 

Results with a much luigei senes of ethei anesthesias inll be piesented in 
a separate paper 

REMARKS 

The partioulai sizes of capillary and oiifice which we have employed were 
chosen to gue a small flow of gas and to produce a manometer depression of 
about 1 cm per cent of ether Here the capillary furnishes a little ovei 7 pei 
cent of the total lesistance to gas flow the lemainder being in the orifice assum 
mg that the effective pressuie diop across the oiifice is 40 cm of mercury The 
rate of gas flow may be varied, as desired by vary mg the diameter of the orifice 
Our expenments indicate that if the fraction of the total resistance to gas flow 
contributed by the capillaiy is kept constant the manometer reading foi a 
given gas mixture will be the same, and, therefore, the same scale may be used 
for all instillments having tins ratio of resistance between capillary and orifice 
In other woids, any instiument with a reference pomt of 52 cm of oil (sp gr 

0 827) should give the readings shown in Pigs 5 and 6 If one desires a higher 
or lower, manometer reading for the reference point this can be piodiiced by 
larying the length or diametei, of the capiUary The effect will be to increase 

01 decrease, the scale divisions the change in scale divisions being proportional 
to the change in reference pomt manometer leading AVlule our data m Pigs 
5 and 6 should enable one to construct a scale for any instrument we suggest 
that each mstrumeiit be calibiated with a few concentrations of anesthetic gas 
to be lead with it 

A use in temperature slightly inei eases the manometer level for a given 
gas because of an increase ni viscosity and a decrease m density This use foi 
the 52 cm leference pomt is about 1 7 mm of oil per degree Since most operat 
mg rooms are kept at a fairly constant tempeiature and the lefeience pomt is 
occasionally checked, and adjusted, if necessaiy, any error due to tempeiatmc 
changes will be msigmficant 
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The manometei diop foi etliei in nitiogen oi oxygen is gieatei than the 
calculated diop, assuming that the luscosity and density of the mixtuie aie 
strictly additive foi the latio of gases used Tests with ceitain mixtuies in- 
dicated that the deviation is due to alteied viscosity Vaiious investigatois^^ 
hai e lepoited that the viscosity of certain biiiaiy gas mixtuies deviates fiom that 
calculated on a simple additive basis Foitiinately, this deviation is about the 
same foi ethei -nitiogen and ethei -oxygen so that vaiying the oxygen-nitiogen 
latio makes veiy little difference in the manometei diop for ethei 

Oiii methods foi piepaiing and stoiing specific concentiations of anes- 
thetic gases in nitiogen, ox 3 '^gen, oi nitiogen plus ovj’^gen have been described 
in detail because some othei workers bare reported considerable difficulty in 
these matters Thus Haggard--* states “In car lying out the work presented 
in this senes of papers, the aiithoi has been repeatedly eonfionted by a situation 
similar to Spenzei ’s Carefully piepared ethei -an mixtures have given an 
anahsis ot almost exactly one-half the calculated figure A prolonged and un- 
successful effort has been made to aeeount for the disci epancy in the results ” 

Using the methods desciibed ui the preceding pages, oui ethei mixtures 
gaie analytic figures which agreed almost perfectly with the calculated values 

We have not yet tested some of the newer homologues of diethjd ether but 
there seems to be no reason vhj this apparatus may not be used for the deter- 
mination of these compoiurds in mixtures with an oi oxygen 

SUMMARY 

1 This paper describes a simple apparatus for contmously indicating the 
concent lation of ceitaiu anesthetic gases during singical anesthesia 

2 The lebreathed gas from an anesthetic machine is passed through a 
capillary tube and then through a fine orifice An oil manometer, budging the 
ends of the eapillaij tube, registers the combined effect of changes in viscosity 
and densit-s due to the eoncentiation of the anesthetic gas 

3 The gas fiov through the appaiatus is about 100 c c pei minute and the 
suction distal to the orifice needs onlj be maintained above about 400 mm of 
mei cm i 

4 Since changes in oxrgen concentration cause a small shift nr the ma- 
nometer base hire, the entering gas is occasionallv shunted thiougli a tube of 
chaicoal oi other absoibent in oidei to adjust the base line 

5 The appaiatus will aecuiatelj lecoid the eoncentiation of ethei, cyclo- 
piopaiie, ethrlene, and nitious oxide when these aie sniglj’- present in nitiogen 
01 nitiogen plus oxvgeii It will also indicate the approximate eoncentiation of 
oxj'gen 111 nitiogen 

6 The procedure mar be modified to determine the concentration of two 
of these anesthetic gases in lebieathed air 

7 Methods aie described foi piepaiing specific concentrations of anesthetic 
aases in nitiogen oi nitiogen plus oxjgeii Foi storing these mixtiiies without 
appreciable loss, a flexible aluiniiuuii gas bag vas developed 

8 Readings olitained vith the instrument aie presented showing the coii- 
eentiation of etliei and oxrgen in the lebieathed gas dm mg six smgieal 
operations 
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A MODIFIED LOEFFLEE’S MEDIUM FOE CULTIVATINO 
COEYNEBACTEEIUM DIPHTHEEIAE 


Thlodobe C Buck, Jr 
B,vltimore, Md 

S INCE Loefflei^ fiist published lus lormuU ±oi cultivating C diplithenae, 
numeious modifications of his medium have been lepoited In 1932, Pai 
found that a coagulated egg medium suppoited giowth of the Coiyiiebacteiium 
toi all diagnostic pui poses Pai’s medium had the disadvantage that a gieat 

many surfaces wei e ii i egulai and pitted with an holes, with i esultant losses of 
media batches 

Foi the past seveial yeais a modified Loefllei ’s medium, with incoipoiated 
egg, has been used successfully in this laboiatoiy Tins medium is supeiioi to 
the routine Loefflei and the Pai media both in the cultivation of 0 diphtliciiac 
and in the demoustiation of chiomogenesis Because of the many lequests 
which we have received toi oui formula, it was decided to submit it for publica- 
tion 

experimental 

111 the study of Par’s medium it w'as thought that the giowth-piomotmg 
taetor supplied by egg was a sulfm derivative Howevei, mcoipoiation of 
sulfui-eontammg ammo acids into om loutine Loefflei ’s Tiypticase nieditiiii’ 
showed no significant additional giowth piomotion Accordingly, tiials were 
made in which ivhole flesh egg, previously beaten foi about five minutes with a 
lotaiy egg beatei, was added in vaiymg quantities to the Loefflei medium ^ The 
media weie then inoculated with test oiganisms Best lesults were obtained 
with a ratio of one whole fresh egg added to 1 litei of medium ^ 


THE FORMULA 


Tiypticase (Peptone)** 

20 

Gin 

Salt 

5 

Gm 

Dextrose 

10 

Gm 

Water 

500 

c c 

Heart infusion bioth (double strength) 

500 

c e 

Whole egg (well beaten) 

1 



Ox seium was added m the latio of 3 paits to 1 pait of the bioth foimiila 
The pH was then adjusted with 2 per cent dipotassium phosphate, about 30 
miUiliters It is important to obtain a pH of 7 8 to 8 0 before inspissating 
The final pH, as determined in the water of syneiesis in the bottoms of the tubes 
after inspissatmg, should be pH 7 6 to 7 8 

From the Bureau of Laboratories Baltimore Citj Health Department 
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COMPVRISON WITH ROUTINE MEDIUJI 

llicroicopic obsen ations of appioximately two hundred smears made from 
Minilent and n\ indent stiains grown on the modified medium, in comparison 
with tile routine medium,^ sliowed the mctaehromatio bodies to have an intensi 
tied color and to be more brilliant and more sliarplj defined when stained with 
Loelller s methylene blue The laige bizarre tjpes A, B and C of Westbrooke* 
were maikedlj diffcientiated as were the polai and bipolar bodies 

The growth phase was enhanced Perceptible growth is generally obseived 
on the new medium and not on the loutinc at the end of four or five hours of 
incubation at 35“ 0 Smears made from these young cultuies showed even more 
marked chiomogeiicsia than described 

The modified medinm, piepared as described is now used routinely in this 
laboratory A dehy di ated form is also eonimcrcially available • 
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AN EXPANSILE NEEDLE FOE THE INTRODUCTION OF 
INTRAVENOUS CATHETERS 


Alfred P Fishman, M S , M D ^ 

Chicago, III 

C ardiac cathetenzation usually entails the saciifice ot a peiipheral vein 
Duiing the couise of the piocediue, a peiipheial vein is isolated sui- 
gically, incised foi the intioduetion of the cathetei, and finally ligated A 
wide-boie needle has been employed to pass the cathetei into the vein, but its 
use necessitates a small cathetei and a laige vein A split needlef capable of 
being expanded following its entiy into a vein makes it possible to nisei t wide- 
boie cathetei s tliiough the puncture opening, minimizes siiigeiy, and peimits 
subsequent reutilization of the same vessel Tlie manipulations incident to the 
passage of the cathetei aie i educed to those involved in venipunctuie 

The needle (Figs 1 and 2) consists of thiee paits an outei split shell, a 
shaft, and a cential stylet The shell consists of two halves joined by a sciew 
device to peimit letiaction from, and appioximation to, the innei shaft Its 
pioMinal end is adapted to leceive the end of a syiinge bairel The shaft is a 
fine-boie, thick- walled needle with sliarp tip, to which the shell is clamped by 
clockwise lotation of the scicav The fine stylet closes the lumen in the shaft 

In piactice, the assembled needle is nisei ted through the incised skin into 
the vein lumen The vein is not dissected fiee, its posteiioi attachments are 
left intact Following nisei tion of the needle, its position in the vein lumen is 
veiified by withdi awing the cential stylet If fiee blood flow is observed, the 
stylet IS leplaced, the shaft is withdiawn, the vein punctuie opening spiead by 
lotation of the scieii, and the catlietei inseited The catheter is then advanced 
as the needle shell is withdiawn At the teiniination of the pioeedure, following 
1 emoval of the cathetei , bleeding is usually miinmal and i eadily coiiti oiled by 
pressuie and Gelfoam 

The needle has been used successfully a numbei of times in dog and man 
foi the mtioduction of caidiac catheters The external jugulai vein in the dog 
has been cathetei ized at weekly and seniiweekly inteivals Gioss examination 
has leiealed scan mg at the site ot pievious punctuie with paten ej of the vessel 
lumen above and below the scaiied zone 

From the Cardio\ ascular Department Medical Research Institute Michael Reese Hospital 
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The residue from the acid extraction ivas suspended in 1 ml of iiater and then 4 ml 
of 95 per cent alcohol iiere added The suspension i\as thoroughly mixed and centrifuged, 
and the supernatant was decanted The residue i\as washed four times with 5 ml of 95 
per cent alcohol and then three times with 5 ml of a boiling ether alcohol mixture The 
supernatant and washings were collected and made up to 25 ml with alcohol This fraction 
contains the ether alcohol soluble phosphoius and consists chieflj of phospholipids (Fraction 2) 

The residue from the ether alcohol extraction was suspended in 2 5 ml of IN KOH and 
the mixture incubated for twentj hours at 37° C To the resulting clear solution, 0 6 ml of 
6N HCl and 3 ml of 5 per cent trichloracetic acid were added The precipitate formed was 
separated bj centrifugation The supemat int contains the pentose nucleic icid and phos 
phorus from the phosphoprotem This was decanted and made up to 10 ml with distilled 
water (Fraction 3) 

The desoxyribonucleic acid remains with the residue and was brought into solution bj 
boiling with 5 per cent trichloracetic acid The residue \ as separated and discarded The 
supernatant was made up to 10 ml and designated the desoxyribonucleic acid fraction (Frac 
tion 4) 

Duplicate 0 5 ml aliquots of each fraction weie diied under an infrared lamp and the 
phosphorus was then deteimincd quantitatively in each case, using the method of Kingi 
Counting of the radioactivity was done with a thin walled mica window counting tube and 
standard scaling assembly The number of counts per 100 Gm , divided by the milligrams 
of phosphorus per 100 &m is designated the “specific activity” of tlie fraction 

A senes of in vivo counts over the tumor sites weie iDo made on each patient at vary 
mg intervals after administration of the test dose These counts weie made with a standard 
gamma tube and scaling circuit In vivo counting vvas suipnsinglj successful despite the 
fact that Pi2 emits only a high eiiergj beta particle (17 mev ) 

RESULTS 

Table I shows the quantitative uptake of lii tumoi as compared with 
normal hi am tissue in ten subjects with mtiacianial tumoi Table 11 shows the 
fiactionation of tissue phosphorus in foui subjects studied by this technique It 
IS deal from these data that theie has been an increase m concentration of the 
phosphoius 111 the tumoi tissue in eveiv instance as compaied with the normal 
brain, the ratios vary fiom 1 6 1 to 29 1 The highest concentration obtained 
after iiitiaxenous injection is 19 1 in subject CA, in which ease the white matter 
appeals to be slightly less active than the gray matter In geneial theie ap 
pears to be a rough correlation between the phosphorus uptake and the antici- 


Table I 




INTEFVAL 


COUNTS/ 

COUNTS/ 




DOSE 

TO 

1 DIAGNOSIS 

XIIN /GM 

JIIN /GM 


I roUTE 

SUBJECT 

(MC) 

BIOPSY 


TUMOR 

NORilAL 

RATIO 


AVV 

5 

7 dT\8 

Control 

4,500 

4,500 

1 1 

Local 

AA 

5 

45 Ur 

Glioblastoma M 

3,180 

770 

42 1 

Carotid 

KG 

5 

96 hr 

Glioblastoma M 

4,770 

102 

29 1 

Local 

CA 

5 5 

2 hr 

MelanobHstoma 

2,2fa6 

(W) 122 

19 1 

IV 






(G) 146 

10 1 


JP 

1 0 

48 hr 

Gliobl istoma M 

1,006 

474 

21 1 

IV 

IB 

10 

18 hr 

Glioblastoma M 

3,200 

245 

13 1 

IV 

MK 

10 


Cramopharj ngioma 

13,618 

None taken 


Oral 

SO 

10 

ISlir 

Menmgioma 

25,075 

5,288 

47 1 

IV 

LK 

10 

18 hr 

Glioblastoma 

450,870 

(W) 39,960 

11 1 

IV 






(G) 33,146 

13 1 


SK 

10 

24 hr 

Oligodendroglioma 

37,950 

21,290 

18 1 

IV 



11 days 


58,460 

36,800 

16 1 

j 


VV White matter 
Q Gray matter, 
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Table II 


1 

tB.\CTIO\ 

1 Mf 

/lOOCM 

COUNT/100 G^r 
TISSUE X 10 

BPECIFIO 

\CTIVlTy 

Suiljcct Mlv 

1 

S4- 


1-8 6 


15 3 


CraniopliaT)n 

2 

561 


7 54 


— 


gioiin 

3 

in 4 


0 04 


3 83 



4 

2S 




0 014 




TL MOlt 

NOI M\L 

TUMOr 

NOUM \T 

TUMOR 

NORMAL 

SublLLt SO 

1 

63 0 

40 0 

11 250 

2 SO 

ITS 

70 

"Nrcningioni i 


62 0 

183 0 

7 43 

1 03 

1 20 

0 57 


3 

40 4 

IS 1 

0 Oo 

27 

1 50 

69 


4 

391 

S14 

345 

0 18 

OSS 

2 21 

Sublet t IH 

1 

72 0 

)3 3 

2S0 0 

14 9 

38 8 

2 78 

Ghoblasloni i 

2 

SO 

‘>ns 

121 0 

2 26 

151 

0109 

niuUifomiL 

3 

31 1 

1()0 

47 7 

22 S 

15 3 

14 25 


4 

221 

4 7 

217 

00 

0 08 

— 

Subiect &K 


68 4 

»( 0 

30 4 

18 8 

5 77 

3 36 

Ohgodeudrog 

2 

57 j 

10 4 

54 

4 0 

0 94 

0 25 

lioma 


7 5 


12 

11 > 

16 4 

57 

(24 hr ) 

4 

0 4S 

4 07 

1 30 

6 

1 43 

3 22 

(11 dps) 


4 

« 4 

16 S 

S 35 

0 50 

127 

o 

S ) 

171 

1091 

5 35 

1 87 

0 31 


« 

1 •) 

10 S 

76 

6 63 

4 08 

3 30 


4 


) 

Cl 

0 06 

196 

1 13 


Fraction I aclJ soluble P 
Fraction alcohol soluble P 
Fraction 3 ribonucleic acid P 
Fraction 4 desoxyribonucleic ncl 1 P 


pited metabolic activity of tlie tissue as judged on the basis of the degree of 
maligiiaiic) In the fractionation studies lileuise concentration by the tumor 
exceeds that bj iioimil biaiii in everv instance but one (Subject SIC, Fraction 
4) Concentration of pliosphoi us in Fiaetion 4 is low er than the others, as would 
be ex-pected, but rises with the passage of time as indicated by the second biopsy 
m Subject SK The lack of am eoneentiation in Subject AW (Table I) is due 
to the fact that the tumor had been lemoved suigically several dajs before ad 
ministration of the phosphorus and the specimen was obtained from the area 
immediatelj undciljiiig the aiea of icinoval which was subsequently sliowui his 
tologicallj to be free of tumor tissue 

In vivo counts were onlv moderately successful with the apparatus used 
thus fai Increased counts ov er the tumor sites were recorded quite consistently 
but tlic ratios of increase weie small and the localizing value of tins technique 
foi diagnostic purposes is to be determuicd 

MscnssioN 

A peiiod of scveial veal’s would be iiecessaiv to evaluate piopeily anj theia 
peutic effect that maj be obtained fiom the ladiation deiived from this isotope 
and such infoiniatioii is not ivaiHblc at the present time To anticipate 
a beneficial response, selective absoiptioii of the isotope in high concentration by 
the tumor tissue is a prerequisite but, in addition, a high stability of its in 
corporation in cell protoplasm with a low turnover late is also desirable In 
this connection, phosphoius incoi'poiated in nucleopiotcin is known to be moic 
stable than that m the phospholipid or ester fractions For this reason oui 
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ulteiest eenteis eliiefly about the moie stable intianucleai and cytoplasmic phos- 
plioius of Fi actions 3 and 4 (vide siipia) Desoxyiibonucleic acid (fi action 4) 
occuis chiefly in the nuclei of cells and is believed to seive an impoitant func- 
tion in cell division Kibonucleic acid (Fiaction 3) is a constituent of cytoplasm 
and nucleoli of cells and appeals to play a dynamic pait m metabolic activity, 
especially in those cells in which active piotein synthesis is occuriing Theie is 
some leason to believe® that the desoxyiibonucleic acid of the nucleus is foimed 
at the expense of cytoplasmic iibonueleic acid, and since the late of this leaction 
coil elates with the late of tissue giowth,® it may be inferied that the nuclear 
fiaction IS built up dining mitosis Biues, Tiacy, and Cohn^“ have shown that 
desoxyiibonucleic acid phosphoius is veiy stable m the nongiowmg oigan Its 
late of tuinovei is suiprismgly slow, especially in contiast to that of the iibo- 
nueleic acid fiaction These same aiithois have demonstiated the late of desoxy- 
iibonucleic acid phosphoius accumulation in expeiimental hepatoma to be intei- 
mediate between resting and legeneiating livei If these data aie applicable to 
malignant brain tuiiiois, the higliei metabolic activity of gi owing neoplastic 
cells might be expected to show a gieatly augmented pliosphoius metabolism, 
leading finally to a sliaip use in the moie stable nueleai fiaction Based upon 
the same reasoning, it might also be anticipated that repeated admmistiation 
of to maintain a constant supply of inorganic isotopic phosphate in the 
metabolic pool would lead to the accumulation of a higher desoxyiibonucleic 
acid phosphoius (P^®) concentration than could be obtained from a single dose 
of the isotope Thus, on theoretical giounds there is some justification foi the 
admmistiation of thirty doses of 333 miciocuiies each, in piefeience to a single 
dose of 10 millieuiies, if a sustained ladiatioii effect for therapeutic purposes is 
to be maintained This piiiieiple should be equally applicable to any rapidly 
growing malignant tumor by virtue of its high metabolic and giowth rates In 
any clinical use of P®^ the capacity of noimal, metabolically active tissues, espe- 
cially bone marrow, to withstand the radiation will be the limiting factor Addi 
tioiial investigation of this pimciple demands fiiithei attention 

SUMMARY 

1 Inorganic phosphate containing P®® was administered par enter ally to 
patients with malignant intiacianial tnmois 

2 Biopsy material was obtained, after which, by means of standard chem- 
ical techniques, the ratio of concentiations of radioactivity in tumor and normal 
brain tissue was shoivii to rise to as high as 19 1 

3 Chemical fractionation of tissue phosphoius showed a small but signifi- 
cant concentration in the niicleopiotem of both eytoplasm and nucleus The 
implications of these findings are discussed 

REFERENCES 

1 Eeinliard, E H , Moore , C V , Bierbaum, O S , and Moore, S Eadioactive Phosphorus 

as a Therapeutic Agent, J Lab & Cux Med 31 107, 1946 

2 Hall, B E , and Watkins, C H The Medical Use of Radioactive Isotopes , Radioactive 

Isotopes in Hematologic Disturbances and Neoplasms, Am J M Sc 213 621, 1947 



U1^VK^ Ot R\DIO\CTI\P 1 HOM HORUS M VLIGVVNT BR VI\ TUMORS 591 


3 Borell Ulf, and Oratrum, ike ifttabolism m Different Parts of the Brain, Esiieciallj 

the Epiiih>sis Measured with Hilio\ti\c ihospUorus \cta phjaiol Sc\.udina\ 
10 J31 1940 

4 ydineidor, W C Phosphorus ( ompounds in Tissues De^os^ pentose Nuelcic 

Vcid and Pento c Isuckic if id J Biol Client 161 293, 1945 

5 Schmidt Ci and Thanuhiuiser b 1 V Method for Determination of Desoxyribonucleic 

\tid, Ribonucleic Vcul ind I hosj hoprotems lu \ninul Tissues, J Biol Chem 161 
83 1940 

0 Schneider, M C Pliosuhorus Compounds m ininuil Tissues, Nucleic icids J Biol Chem 
164 747, 1946 

7 Ninff, E J The Colorimetric Delernmiation of Phosphorus, Biochem J 26 202 1932 

8 ilituicll, J S Disturb nice of l^urkic Vcid Metabolism Produced bj Therapeutic 

Doses of \ and Camni i R idiatiou Bnt J Exper Path 23 28o, 1943 

9 Brues A M, Trac\, M M an I < t hn \\ L The Relation Between I^ucleic Acid and 

Growth bcieuce 95 ooh 10i_ 

10 Bruts, A M Tricj "M M and ( olin W E Nucltic Acids of Rat Liver and Hepatoma 
J Biol Chera 155 619 1944 



TISSUE RESPONSES TO PHYSICAL FORCES 

II The Response op Connective Tissue to Piezoelectrically 
Active Crystals 

Silas 11 Evans, M D , and Walter Zeit, Ph D 
jMilwaukfe, Wis 

I introduction 

T he mannei in which biologically active dusts piocliice fibiotic leactions in 
tissues has stimulated niiich thought and leseaich The development of 
this pioblem has been leviewed fieqiientlj'’, most lecently by Maehle ^ Theie 
IS geneial agieement among aiithois that piesent explanations cannot be 
leconciled with all expeiimental and clinical obseivations The obseivatioiis 
unexplained will be lecalled latei in this discussion 

The inteiielationship between vaiious endogenous and exogenous fibiotic 
stimuli has inci eased the complexity as 'well as the impoitance of this pioblem 
It IS leeognized that the biologic activity of quaitz dust and of tubeiculosis 
IS iiitei changeable and “symbiotieally” additive “ Ciystalline cholesteiol and 
othei “endogenous” substances beai snnilaily intei changeable i elationslups 
with quaitz and the phospholipid of tubeiculosis ^ Fibiogenesis appeals to be 
a common lesponse to many stimuli Indeed, fibiogenesis seems to be in 
flueneed moie by biologic vaiiation and the site of involvement than by the 
specificity of its stimulus 

Since diffeient stimuli pioduce a common biologic i espouse, it appears 
that appaiently dissimilai fibiogeiiie stimuli might shaie some “common 
denominatoi ” This notion is stiengthened by the uitei changeability of 
quaitz and tubeiculosis, and by the inci eased i espouse produced by adding 
one to the other 

We have assumed that, if a living organism survives, its response to in- 
jury IS puiposeful An examination of the functional qualifications of a 
reaction should, therefore, provide valid inferences as to the nature of the 
injury Fibious tissue has not been demonstrated to offer a baiiiei to the 
diffusion of substances in solution beyond that usually offered by the tissue 
it leplaced Fibious tissue has not been shown to detoxify a toxin, neutialize 
a poison, 01 fix an antigen While young fibroblasts are possibly related to 
phagocytosis, phagocytosis is hardly a functional defense against a “poison 
ous solution ” It IS apparent that a fibious xeaction is not able to offei func- 
tional defense against the “slowly soluble poison” which is considered by 
most investigators to be the mechanism of injury in silicosis ^ 

Fibrous tissue in normal physiology provides stiuetuial support against 
stress 111 a physical sense Fibrous proliferation should, therefore, be stunii- 
lated by stress oi the need for support The osteoblast clearly responds along 
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stiebs veetois as is so i)hinl> slunm lu the iiclutectiue of long bones Pei 
haps its paient cell, the tilnobl ist is simil iilj itsponsn e 

The aichitectuie of the silimtic nhoil confouns closelj with the eiimtions 
of force This is eleiilj demonstnted bj its similaiity to the stiess lines 
depicted with a magnet and non filings (This is illustiatiae and is not in 
tended to implj th it niaointie fold is thought to lie fibiogemc ) 

Peihaps the notion that fibions loaetions aie best equipped to confine 
stiess IS nhat led eailj obseiiiis to the shaip point” aien of silicosis AVeie 
“shaip iionits” the functional sfinmlus one nould expect the leiction to stop 
nhen the points neie bluntdl iithii than continue bejond any appaient 
need 

II THIOinrilll lOXSIDEKVTIOXS 

As has been stated alitadi filnous tissue piolifciations function as sup 
poitiie components in nonnal liodi itonoinj and aie best qu ihfied to fill this 
lole in disease as nell It also li is bci n eniphnsued that o\en as fibiotis tassue 
lesponds along stiess \cotois in noinial giowth, it also distiibutes itself aichi 
tcotuiallj 111 close confoimita mth Isc« ton’s “equations of foice” when it 
foiins the piedominint leaotion to an injuiy These obseiaations, though 
elementaij, eleailj demand tint i laieful seaich foi a fietoi of stiess iii the 
phjsieal sense be made wlicieiei fibi oblasts piohfeiate in a supeifluous man 
ner 

As stated in a pielnninan pipci ‘ it has been obsened that theie is a 
dneot lelatioiiship between the abilitv of a dust to piodnee a fibrotio reaction 
in tissue and the cijstal sMinnetn of the dust Asyninietiieal (piezoeleetiie) 
dusts are obsened to bo fibiogcnic whiicas symmetueal (nonpiezoeleetiie) 
dusts aie benign 

Piezoeleetiieity is that piopeity of ceitain solid mateiials which effects 
when conditions aie pioper a ti ansfei dice between eleetiical and uieohanioal 
eneigy states This ti ansference opeiates in eithei diiection As an example, 
it IS this propel tj of quaitz which pel nuts the use of quaitz cijstals in phono 
niaphs where eneigy is convcitcd fiom a mechanical aibiatioii piodneed by 
the leeoid’s giooae to the electiic cuiient which encigizes the loud speakei 
It IS neeessaiy to picscnt some definitions of teiminologj to be used in 
the discussion of the piezoeleetiie phenomenon as it i elates to biology 

Piezoelectncitij — ^Piezoeleetiieity is the piopeitj possessed by some cijs 
tals, of developing electric chaigcs avhen eompiessed or extended in paiticu 
lar diieetions Comcisely avhen a potential diffeienee is applied to suitable 
points on such a cijstal, it expands oi contiacts Piezoelectric piopeities can 
occui in all ci-j stals lacking a centci of symmetiy 

It may be stated with authoiity" that moleculaily sjnnnetiical ciystal 
niateiial caiuiot possess piezoelectric piopeities AVhen mattei exists in a 
crystal which has no point of ceiitial molecular S 3 rametiy it is then potenti 
ally qualified as piezoeleetiie 

All cij stals exist with a molcculai oiieiitation which classifies them in 
one of tliiitj two classes Oiilj those ciystals belonging to classes lacking a 
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cential point of symnietiy can be piezoelectiic In a pielnninaiy lepoit* it 
was shown that, wlieie data aie available, benign dusts unifoiinly belong to 
symmeti ical cijstal classes, while fibiogenie dusts belong to asymmetiical 
classes A few special instances of dusts lequiiing fuithei comment as ap- 
paient exceptions will be consideied latei Appi oximately 10 pei cent of 
mineials existing in natuie have moleculai oiientation compatible with the 
piopeity of piezoelectiieity ' 

One must consider what souices of eneigy might activate the meehanisni 
if the fundamental stimulus in fibious leactions is consideied as a transfoima- 
tion of noninfluential eiieigy states thiough piezoelectiieity to foims of eneigy 
which compiise biologically influential stiess Theie aie seveial possible 
souices of eneigy ivhich suggest themselves 

1 Eleetiomagnetie fields may exist in natuie continuously oi in “buists” 
in sufficient coneentiation and at piopei fiequeney to produce mechanical 
distoitions of leceptive pai tides within tissue 

2 Electiopotential leveisals occiiiiing in noimal iihysiology could pio 
duce momentaiy physical distoition in leceptive pai tides 

3 Fluctuant piessuie vaiiations seeondaiy to pulsant cn dilation, lespiia- 
tion, cough, stiain, position change, etc, might induce polaiity and electiic 
cm lent on a leeeptive pai tide 

4 'Within a deposition composed of many packed paitides, either le- 
sponse in one pai tide might induce the opposite i espouse in any neighboiing 
deposit •within its sphei e of influence 

5 Theimal vaiiations within the animal can pioduee vaiiations in electio 
potential and distoitions in shape in leceptive ciystals (seeondaiy piezoelectric 
effect) ®‘’ 

There have been many dues lecognized by biologic obseiveis that lead 
one to believe the conventional desciiption of a biologic enviionment is in- 
complete This topic will be discussed latei in the light of intensity and fie- 
quency of the enei getic Add within which the host is situated 

Finely foi test pin poses, a numbei of “postulates” foi a flbiosive dust 
have been conjectuied These aie listed at this point as they summarize in a 
Xnactical mannei the theoietical considei ations so fai presented 

“Postulates” foi a Biologically Fibi osive Dust — 

1 Relative insolubility in body fluids to allow paitides to remain in situ 
long enough to be effective 

2 Asymmetiical ciystal class compatible with piezoelectiic piopeities 

3 Electiically nonconductive as conductivity will “shoit circuit” and 
nullify the piezoelectiic effect 

4 Propel pai tide size, small enough to be eneigized by existing concentia- 
tions of foice fields, yet not so small that they be “out of reach” of existing 
eleetiomagnetie fiequencies oi so small that then induced stiain might be 
“subfibio genic ” 

5 Sufficient pai tide coneentiation pei unit mass of tissue so as to allo-iv 
sufficient magmtude of physical effect to stimulate the reaction, or to allow 
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lecipiocal plijsical iiifliieiice between the unit pai tides, theieby peimittmg the 
deposition to become a s\ stem opentin„ in lesonance 

III E\1 U niLNTAL 1 ROCEDURE 

The puipose it* (1) to dcteiimue if iiioleculai asynimetij and piezo 
electiioUy aic fund imental in the biolOoic acti\ity of du&ts, and (2) to de 
teiniine the bouices md tonus ot inoigj iiuohed in the eneigj tiansfeiial 
ineehanism 

PuRiosE 1 — To deteimiin. it nioleculai as 3 mmeti> and piezoelectricity aie 
fundamental in the biologic actuiti of dusts 

General Statevicnt — Puts aiul nbbils were used m the expenmeuts The materials to 
bo tested uero first ground to desired size Introduction of the material into the animal’s 
bodj was done in different wajs In the enrlj experiments the ground material was suspended 
m physiologic salt solution ami tcrili/nl It was then injected into the peritoneal cavity 'with 
a modified '’yTiuge 

Because of difficulties dui to plu^^mg of the needle of the syringe, and because m some 
experiments it was desirable to use larger sized particle^, this first method was modified 
X small incision was mido in tlic vtiitnl abdommal wall, n small sterile funnel inserted, and 
dry sterilo powder introduced tlirough the funnel Tlio funnel was washed down with a 
small quantity of sterile physiologic alt solution Tho quantity of material introduced m tlua 
way was always 100 milligrams Tho inci ion was then closed with a skin chp After closing 
tho incision, tho abdomen of tho aiunml was gently mns«iged to distribute tho material in 
tho abdominal cavity 

In some animals the matcriul was introduced mto tho tracliea Tho trachea was 
exposed and material forced down tho tube toward the lungs with a modified syringe Fifty 
nulUgrama was tJio quantity always introduced by this method 

la another group of exponments the stcnic material was introduced by intravenous 
injection Rabbits were used in nil of these exponments By one or more injections a total 
of 1 Qm of material was injected into a vem of tho ear 

For purposes of comparisou, six auimals were prepared with powdered quartz The 
animals were sacrificed at varying intervals of time and microscopic sections prepared Tho 
well known typical reaction to quartz is shown iii Fig 3 

Wulfemte (Lead Uolyhdate), Ciystal System — Teti agonal, Ciystal Class— 
Tetratohedial — This matciiul "as the inajoi test substTiice used in piehminarv 
expeiiments whieli "eio lepoited' Uiifoituuately, the supply of mateiial 
on hand became eshaiisted and mateiial ol identical \ lay diffraction pattern 
has been thus fir unobtainable The leason for the selection of this mateiial 
and the desciiption of the expei iinentTi lesulfs weie giien in the piehmnnrj 
repoit 

Forty se\en lats weie prepaied by injecting suspensions of wulfemte 
into the peritoneal cnvitj The aiiimnls "Cie saciifieed at diffeient intenals 
fioin one to fouiteen weeks Fom of the lats ate still Ining The aseiage 
length of time the animals ueie allowed to Ine was thirty foui dajs 

"Wulfemte had caused es-tensne fibiogcnesis m animals "Inch ueie sac 
rifieed aftei seven days Laige numbers of fibroblasts weie aeouimdated 
around the paitieles of wulfemte Theie was a tendency to foim whoils 
In some instances, yomigcr connective tissue cells were present These were 
iriegular stellate cells suiiounded by a homogenous intercellulai substance 
There was a tendency to the foionation of collagenous fibers m animals in 
which the expeuments weie continued for a longei peiiod of time See Fig 5 
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Two of the lats weie killed by exsaugumatioii at si\ weelcs The blood 
was allowed to diy by evapoiatioii and the lesidne was spectiogiaphieally 
analyzed No lead oi molybdenum was piesent As the technique employed 
is sensitwe to amounts of molybdenum as low as one pait in a bilhon, and 
foi lead, one pait in one hundied million, it was appaieiit that solubility 
could not explain the leaction pioduced 

Baiium Titanate, C)ystal System — Cubic, Crystal Class — Vndetei mined — 
Tins synthetic mateiial has lecenth excited much intciest in the physical fields 
and the ceiamic industiv It possesses a veiy high diclectiic constant, and 
its piezoelectiic coefficients aie fai in excess of those possessed by qiiaitz® 
The mateiial used in this studi uas analyzed by an independent metalluigic 
laboiatoiy and was found to contain less than 0 2 pei cent silica The mateiial 
was insoluble in any pll conceivable in animal tissue The mateiial was le 
ceived in a paitiele size below 10 ^ and no ball milling was necessaiy 

Twenty-five lats weie injected intiapeiitoneally in the usual mannei with 
suspensions ot the mateiial These animals weie saciificed at peiiodic intei- 
vals fiom one to eight weeks with an aveiage of tweiity-foiii days’ duiation 
foi the gioup 

Results By the end of the fiist week, the baiiiim titanate depositions 
weie noted to have become aiianged in well-defined whoils, and a fibioblastic, 
1 datively avasculai leaction was alieady well defined Giant cells and mono 
cytes weie not as numeious as with some of the othei mateiials tested As the 
time inteical piogiessed, the whoils became incieasingly fibiotic and eol- 
lagenic Based on expeiiences with quaitz, it was obseived that baiiuni 
titanate was highly active in pioducmg fibiogenesis in tissue See Fig 10 
Foul lats fiom the six-week duiation gioup weie killed by exsanguina- 
tion The blood obtained was allowed to diy and the lesidue subjected to 
spectiogiaphic analysis No baiium oi titanium lines weie found This an- 
alytic technique is qualitatively sensitive foi baiium oi titanium when tiaces 
of eithei element aie present in as low as one pait in a billion foi titamum and 
one pait m one hundied million foi baiium It is, theiefoie, safe to say that 
theie was no solution of the baiium titanate fiom the sites of deposition 
These data aie advanced to answei any “chemical solution’’ explanation foi 
the fibious reaction 

Nine labbits weie piepaied by injection of a full giam of baiium titanate 
in divided doses into the eai veins This dose was accomplished m less than 
a week in all cases These labbits weie saciificed fiom two weeks to seven 
weeks aftei the completion of the piepaiation Again, excessive fibioblastic 
leactions weie noted at the site of baiium titanate depositions Inteistitial 
pulmonaiy fibiosis, mesenteiic fibiosis, and hepatic ciiihosis confoiming to ttie 
distiibution of the ciystal weie appaient in all animals 

It was obseived that the leaetion to this mateiial iii labbits piepaied 
intiavenoiisly was the same as that obseived in lats 

Tom maline (Aluminum-Boron Silicate), Ciystal System — Tnyonal, Crys- 
tal Class — Hemimoipliic H emihedi al —Tins silicate is ol histone inteiest be- 
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cause It lb the subbtaiice iii ivliuJi the piopeity of piezoelectiicity was fiist tie 
scribed It is of additional inteiesf m that it does not haie tiue light and left 
forms such as seen in quail? 

Eight iihite lats weie piepaied iii the usual uniinei by intiapeiitoneal 
injection of a suspension of poiidiied tom maliiie 

Foui of the eight ivhite lats ivcie found dead in the fifth week of the ex 
peiiment Death had oeciiiicd o\ei a neck end and all weie found on the 
same moining Thej iieic all loo fai decomposed foi histologic piepaiations 
Gross fibiosis i\as piesent in all instances Food and flesh ivatei lemamed 
iinconsiinied and the cause of ilealh was not deteimined The expeiiment is 
being lepeated in laigei numlieis to asodtain any possible significance of these 
deaths 

Tuo animals ueie kilkd at Ihiec weeks, and two at foui weeks Fibiotie 
leaction to the iiiateiial w is \ei\ isiessiie and inteicelliilai collagen deposi 
tion was well dec eloped hj the (ml of the fouith week See Figs 11, 13 
and 15 

Berhmte (Ahaniiium Oithophotphatc), Crystal System — Tugonal, Ctys 
tal Class — EnanUomo! phous Hcmihediul — Bcilimte is aluminum orthophos 
phate which is phjsioallj and eiystallogiaphieallj isomeious with qiiaitz 
Oui mateiial was giown out id solution by the oiigiintois of a method de 
velopcd to synthesize oijstals foi physical piuposes The material is soluble 
in acids, but insoluble in neutial solutions The similaiity in eijstal stiiic 
ture between beilmite and quaitz is illustiated by the still ing similarit} in 
their \ ray dilTi action patterns See Figs land 2 

Eight white lats weie injected intiapenloneally in the usual niannei, 
usuig a ball nulled powdei of lequisite paiticle size These ammals weie sac 
rificed as follows foui at two weeks two at three weelcs and two at fice 
weeks 

At two cveeks, a well developed fibiotic response was obseived wnth con 
siderably iiioie monocytic and giant cell reaction than was seen wntli quaitz 
or barium titanate This monocyte response was noted m om studies whei 
evei materials of gi cater relative solubility weie used 

As time elapsed, the fibious leactioii adianced and became moie matiiie 
By five weeks, theie was consideiable inteicellulai collagen deposited See 
Pig 4 

Almmnum Phosphate (Reagent Giodc;— This material was selected oiigi 
iially for a eontiol It was deteimined to be amorphous by \ laj diffraction 
prioi to piepaiation foi injection The mateiial is insoluble in neutial 
solvents but is soluble in acid solvents 

Six rats were injected uitiapeiitoiieallj in the usual niannei with siis 
pended alununum phosphate These animals weie killed in paii-s at three 
weeks five weelcs, and six weeks 

A spectacular fibroblastic reaction was obseived at thiee weeks which 
increased with time, and by six weeks fibrous nodules as laige as 1 cm in 
diametei were distiibuted thiougliout the peiitoneum Many giant cells weie 
noted about the depositions of aluramum phosphate 
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It was observed that, as time elapsed, fractiue lines and facets appealed 
in tlie aliimmiim phosphate depositions which then lesembled the beilinite 
deposits The fibioiis leactions weie histologically siuiilai to those seen with 
beilmite Tins unexpected result fiom an intended contiol expeinnent wiU 
be consider ed in the discussion See Figs 9, 12, 14, and 16 

Cholestei ol — The crystal class of cholesterol is not certain, but, because 
of its known fibiotic activity when deposited in tissue in its solid crystal 
state, a senes of experiments was included in this study Commercial choles- 
terol 111 powdered form was x-iay diffi acted and its crystal state was estab- 
lished 

Eight white rats were injected and weie sacrificed at the following intei- 
vals two at three weeks, two at four weeks, two at six weeks, and two at 
eight weeks Several frozen sections of lesions weie made in addition to the 
usual preparations, because xylol removed the cholesterol crystals leaving 
spiculai spaces at the sites of previous eiystal deposits 

The fibroblastic response was eaily and veiy active Griant cell forma- 
tion uas prominent and similar to the reaction produced by aluminum phos- 
phate By eight weeks a mature nodule had developed Intel cellular collagen 
formation was pi ominent See Pigs 6 and 8 

Silicon Caibide (Cathoiundum), Cnjstal System — Hexagonal, Ciystal 
Class — Hololiedial — This material was included as a control because it is 
not piezoelectiie and is known to be nonfibiosive Six rats were injected 
mtiapeiitoneally in the usual mannei These animals were sacrificed in pans 
at two, SIX, and eight weeks 

The reactions observed did not exceed simple foieign body encapsula- 
tion See Fig 19 

White Mica, Ciystal System — Tiiclinic, Cnjstal Class — Pnsmatic — Mica 
was included in this study as a control as it belongs to that group of silicates 
including talc and asbestos which produces variable biologic response 

Seven white rats were prepared intrapeiitoneally in the usual mannei 
Six animals wei e saci ificed at five weeks and one at six weeks 

Poui of the animals weie observed to show no reaction beyond simple 
foreign body encapsulation Twm showed a moderate fibiotic response, and 
the animal sacrificed at six w'^eeks show^ed a well-developed reaction See 
Fig 20 

Fused Quaitz and Giound Pyiex Glass — Glass is a “super viscous fluid ’’ 
Its viscositA^ prevents its becoming oriented molecular ly into the preferred 
‘ low eneig}^” crystal state 

Because it lacks crystalline stiiictiue, it possesses no piezoelectric prop- 
erties With time, glass may leassume ciystallme orientation as is well known 
to glass eiitteis who will accept the risk in cutting new glass, but refuse to 
cut old glass which often shatters along crystal lines 

A sample of quaitz crystal was fused and thereafter giound to a powder 
A sample of Pyiex glass also was giound to a powder Both materials failed 
to show a civstal pattern when examined by x-iay diffraction The resulting 
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powders lediiced to lequibitc size wcit injected iiiti ipeiitoneTlly in the usual 
iiniiiiei Thiec ivhite i its iveic used foi each imteiiai One animal of each 
group was killed at t\i o, si\ and eight n ecks 

No leaction beyond snnple foioigii bodj encapsulation avas obseiaed 
See Fig 17 and 18 

Purpose 2 — To detcimine flic souices and foiaiis of eneigi iiiaohed in 
tlic eneigy tiansfcrral nieeliainsm 

It has been pointed out tint fibiotic letuity of a dust maj be coiielated 
dneetly with the phjsieal piopeitics of the dust cijstal Furthei claiifiea 
tioii of the mechanisms nnohod becomes peitinent It is impoitaiit to de 
teimme whethei electric charge oi ineehanieal distoition piodtiee the most 
aetiae biologic leaetion A tbioietiealh complete separation of the diiect 
and eoiuei'se piezoeleetin lenition md of the seeondai’j theinial leactions 
Ls impossible, but when conditions aic eoiiti oiled one of the othei reactions 
maj he made to piedominate To this end seaeial evpeiimental piocedures 
ueie doMsed These aie biiella deseiibed and sepaiate lepoits imU piesent 
details of pioooduio and lesults 

1 Mixed Metal Expenmeut — When t«o metals Minch occupy dissimilai 
positions in the electiomotue senes ate placed in an electiolyte a battei'j 
producing a flow of diieet cuiicnt lestilts The aoltage of such a batteij is 
a factoi of the connecting eicctiohtc and of the degiee of eleetioniotive dis 
similaiity in the metals eonsideied As the same technique is employed in 
the procediiies to bo desciibcd the faetoi of “connecting eleetioljte” may 
be Ignored as a lelatne constant 

Particles of electiomotneh separated metals intiodueed into tissues and 
so “connected ’ bj electrolytic tissue fluid Mould pioduee diiect cuiieiits 
The bimetal dipoles in such a system might become distoited in then 
electiical a\es to confoim Mitli a static or magnetic field but the piepondeiate 
activity yvould be a manifestation of electi ic potential 

The eleetiic cun cuts pioduced yvith inised electi oniotii ely dissimilai 
iiictallic dusts 111 tissue yvould diffei fioin those pioduced by a tissue deposi 
tion of stiessed piezoclectiic ciystals because the euiieiit floM Mould be con 
tniuous and diiect lathei than iiitei mittent and alteinating ruitheiiiioie 
the battel y pioduced Mould lun doMii” Mitli time and use yvhile the crystal 
lemains potent foi the life of the animal The similai ity hoMeyei is sufficient 
to yvari ant biologic study 

Aluiiiniuiii non and sihei dusts yyeie selected foi study Alumnnim 
is strongly negatiye to silvei and yyeakly iiegatne to non Sihei is stioiiglv 
positue to aluminum and yveakly positive to iron The dusts weie in each 
instance fleshly suspended in weighed amounts befoie injection 

It Mas anticipated that stiongly negative oi positive dusts might foim 
a battery when injected alone due to mtci action with free metallic ions in 
tissue fluid The single and mi^ed dust combinations studied aie listed in 
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levels in dceoi dance with the expected voltage (and biologic eftect), the most 
active level being uppeiniost 


Fust level 

(Highest loltage) 

Mixed A1 and Ag 

Intel mediate level 

Mixed A1 and Fe 

A1 alone 

Mixed Ag and Fe 

Ag alone 

Thu d level 

(Little 01 no voltage) 

Fe alone 


In oidei to simplify piesentation and avoid confusion, the lesiilts of 
“mixed metallic dust’’ expeiiments aie lepoited separately It may be stated 
heie that galvanic cuiients stimulate fibiosis See Fig 7 The lapidity and 
degiee of fibiotic leactioii is diiectly piopoitionate to the degiee of electio- 
niotive dissimilaiity between the metallic dusts selected foi mixtuie This 
IS equivalent to stating that the leaction is piopoitionate to the amount of 
cm lent pioduced This is in agieemeiit with obseivations made by otheis“ 
woiking with laige metallic plates inseited into tissue 

2 Biologic Augmentation by Elect) omagnetic Fields — Piezoelectiic ciys 
tals of neaily unifoim size possess fundamental fiequencies foi each of then 
seveial axes At these fiequencies, an alteinating curient pioduces a ine- 
chamcal vibiation with gieatest efficiency Similai ciystal i espouses occiii 
at seveial subhainionic and supeihainioiiie alternating curient fiequencies 

It may be seen that theie is a fiequeiiey lange at which a piezoelectric 
dust of diffeient size lange may be expected to be eneigized Foi some sub- 
stances, as quaitz, this lange may be detei mined fiom known data For otliei 
substances, an exciting fiequeney laiige may be detei mined by physical test 
means 

Seveial cages ha-ve been supplied with ladio fiequeney eneigy in older 
to expose dust placed in a living tissue to vaiious fiequencies of eneigy fields 
It was anticipated that, by so doing, a biologic lesponse might be acceleiated 
This appioach was, we belieie, piematuiely ovei emphasized in a pieliminary 
leport ■* 

This pioblem has been beset by many technical difficulties which aie be 
nig lesolved slowly A detailed lepoit will be submitted sepaiately 

It may be stated that, in agieemeiit ivith the pielimniaiy lepoit,^ theie 
is a definite niciease in the lapidity and degiee of fibiotic leaction to a fibio 
sive dust when the piepaied animal is exposed to oscillatmg fields of eneigy 
at a fiequeney knoivn to pioduce piezoelectiic i espouses in the same dust 
m VIVO This IS siippoitive evidence that physical stiess and motion aie 
capable of stimulating fibi otic i eactions 

Seveial othei expeiiments testing the lole of heat, motion, and eleetiicity 
111 fibiogenic i eactions aie in piogiess and will be lepoited sepaiately 

SU'MJIl.RY OF EXPERIMENTS 

1 Piezoelectiic mateiials, including nulfeiiite, quaitz, baiium titanate, 
touinialine, beilinite, and cholesteiol, unifoimly pioduce pi olif erative fibrous 
1 eactions when iiiti oduced as a finely divided dust uito living tissue 
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1 — ilonochromatic x ra> diffractlonogram of quartz . 

Fig — Ilonochromatic x rav tllffractlonogram of bcrllnlt«» powder technique 

FJff 3 — Intraperiioneal nodule produced with powdered quartz In four weeks In a wlifte 
rat (J/ua »iorve< 7 {ctM) (X200) 

Fig 4 — Intraperitoneal nodule produced with powdered berlinito In two weeks In a white 
(X200) 

^ , Fig- 6 — Intraperitoneal nodule produced with pondered wulfenlte In four and one half 

weeks in a white rat (X-00) 

rat. ^^00) — nodule produced with powdered cholesterol In six weeks in a white 
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FJff 7 — Intraperltoneal nodule produced with a mixture of po^\dered slher and aluminum 
in one week in a white rat (X200) 

FJff 8 — Intraperltoneal nodule produced with powdered cholesteiol in six weeks in a white 
rat* Foam cells similar to those seen in atherosclerosis are present (X400) 

Fiff 9 — Intraperltoneal nodule produced with powdeied aluminum phosphate (reagent 
grade) in four and one-half weeks in a white rat (XSUO) 

Fig 10 — Intraperltoneal nodule produced with powdered barium titanate m four and one 
half weeks in a white rat Ci>stals are present in the center of the nodule (X200) 
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r* 11 — Intrapcrltoneal reaction to pondered tourmaline in four and one half neeka 

Portion of a 1 cm nia<;s attached to stomach (X 00^ 

Pig: 1 — Intrapcrltoneal reaction to aluminum phosi-hato (rcasent grade) In fl\e and 
one half ueeks Portion of a 1 cm masa attached to the gut. (X OO) 

Fig 13 — iHtraperitoneal reaction to tourmaline powdered In four and one half neeka 
high magnification toung connective tl sue cells and Intercellular fibrils are present (XlOO) 
^ Fiff H — Intraperltoncal nodule produced b> aluminum phosphate (icagcnt grade) in four 
and one half weeks Jn a white rat (X400) 

Fig 15 — Intraperltoncal nodule produced with powdered tourmaline in three and one half 
^eeks In a white rat. (X400) 

Fig 16 — Intraperiioneal nodule produced with powdered aluminum pho phate (reagent 
erade) in five and one half weeks In a white rat Collagenous fibers are well formed. (X400) 
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^g. 17 — Intraperitoneal nodule produced mth ground P>re>. glass In six weeks in a white 
— Intraperitoneal nodule produced with fused quartz in six weeks in a ^^hlte ra 
19 — Intraperitoneal nodule produced with silicon carbide in six T,\eeks in a ^\h 
Fig^ 20 "— Intraperitoneal nodule produced with white silica in five weeks in a white 
(X200) 
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2 Nonpiezotlectiic contiol diisls including giound glass and fused 
qinitz, silicon caibide and non pioduct oiilj an enc ipsulation leaction uhen 
introduced into In iiig tissues 

3 Aliea tiioduees e aiialile usponscs m Iniug tissue 

4 Aluninuun iiliosplnte was used as an auioiphous poivdei as a contiol 
dust Gijstal foiins ippcaied in the tissue reaction and the reaction ivas 
notably libiotic Ahnmiunn phosiihate «ith u itei of erj stallizatiou oceuis 
in foinis uhieli aie cijstal isoinus of quaitz, tridjimte, and eiistobalite 

5 GiUame euiients pioeluccd b) mis.tiiies of eleetioniotn elj dissnnilai 
dusts produce actne fibiogetiesis 

C Fibiogenesis ls acceleiated uhcii an animal piepaied uith a piezo 
eleetiie elust is kept in i couunti iteel elect! omagnetic field of appropiiate 
fi eiiuenej 

dim l SSION 

The piesont o\peiinieiUs ueie deeised to deteimine uhethei substances 
possessing piopei asjmmetue il moleculai space oiientatioii and satisfying 
the othei postulated piopeities foi fibiogenic actnitj Mould behaee in the 
manner expected The icsults ha\e cleat 1> suppoited the concept and in 
dicate that the phenomenon ot piezoelei tiicity does e\eit biologic influence 
I’lezoelectiioitj has been defined eailiei but it should be added heie that, in 
addition to the diicct and eonitise piczoeleetiic effects theie aie many le 
lated secondai} effects Alorc stnd> is needed to establish the foims and 
magnitudes of the eneigy souicts occuiinig in iiatiiie and then biologic in 
fluence ulien converted bj piezotlectiiciti The piezoelectiie piopeitj al 
lows a theoretical tiansfeience of eneigj stites in anj diiection betueen me 
ehaincal eleetiie, and theimal states 

There is a paucitj of liiologic and pbvsical data fiom nhich one might 
define the physical behavioi of iinmite solid deposits Mithin tissue On the 
othei hand, the theoiy piesented explains manj preaiouslj nieeoncilable 
obseuations and, in some instances is actuallj stiengthened bj these ob 
senatioms The “chemical solution ’ theoij of silicosis has piesented inaiij 
unsohed objections in addition to the impoitant fact that fibious tissue pie 
seuts a pool hauler to substances in solution The degiee of solubilitj is not 
correlated with pathogenicity The influence of the size of the particles has 
too shaip an end point to be a function ot suiface area alone A critical 
number of pai tides is neeessaiy to produce piogiessive fibiosis A peiiod of 
time IS often obseued between the teimmatioii of exposuie and the onset of 
fibrosis, and, in clinical silicosis this luterxal often amounts to years Theie 
has been no demonstration of either dissolution of crystals or actual solution 
in the areas of local iniohement bejoiid that lei el of solution piesent in 
1 emote and uninvolied aieas of the oigaiiism All of these observations aie 
irreconcilable with the solubilitj theorj yet aie either consistent ivith or 
strengthening to the theory being discussed This present theory embodies 
the concept that iiatiiially oceuiinig sources of foice aie present in discon 
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tinuous “buists” of piopei foini and. magnitude to effect inteimittent piezo 
electiic 1 espouses in a piopei “leceptoi,” which i espouses constitute the 
fibiogenic stimulant 

Many pioblems piesent themselves foi futuie claiification The known 
fibiogenic activity of seveial symmetiical ciystals (talc, asbestos, etc) is 
tioublesome This pioblem is piesently undei investigation in the light of 
“unstable cijstal symmetiy” and will be lepoited in nioie detail latei King, 
Gilchiist, and Eae^^ piovided a clue when they repoited that several benign 
shales and seiicites became biologically active when tieated with HCl Guided 
by this obseivation, seveial samples of tale, asbestos, and mica have been 
similaily tieated with chemically pine HCl and quantitative chemical detei- 
minations weie made As much as 4 pei cent of the sample weight is lost, 
and this weight is lecoveiable in the HCl in the foim of the chloiides of Al, 
Mg, Fe, Ca, Na, and othei metals When the lesidiial niateiial was subjected 
to A-iay diffi action, the patterns showed qualitative and quantitative changes 
by compaiison with the oiiginal substance patterns Fuithei study in this 
legaid with animal expeiiments will be foithcoming, but a statement is made 
at this point to emphasize that the mateiial used in piepaiation of an ani- 
mal iiiaj change to a pathogenic foim aftei inti oduction into the animal 

Anothei pioblem lequiiiiig claiifieation is the obseivation that amoiphoiis 
opal and oui amoiphous aluminum phosphate aie both fibiogenic This may 
be explained by the known tendency of amoiphous mateiial to ciystallize 
when conditions aie light Amoiphous aluminum is known to become ciystal 
line 111 a quaitz class when heated foi puiposes of steiilization The ciystal 
state lepiesents the piefeiied low eneigy state, and the amoiphous state is 
maintained by a viscosity which piecludes moleculai leoiieiitation If the 
physical enviionment is piopei, the amoiphous mateiial may letiini to the 
piefeiied ciystal state Diatomaceous eaith is biologically inactive, but, aftei 
calcining at high tempeiatuies, a diftiaction pattern of ciistobalite aiiaiige 
ment appeals and the “new” dust deielops a pathogenicity in keeping with 
its new ciystal stiuctuie'^ A similai peiveision might occui in the animal 
tissue This mattei is uiidei study with the hope that mateiials lecovered 
fiom the fibiotic leaction sites may be subjected to x-iay diffi action foi ciys 
tal oiientation A second possible explanation foi the activity of amoiphous 
mateiials is that piezoelectiic piopei ties may opeiate biologically at a molecu 
lai 01 unit cell level This intei pi etation is not consistent with oin expeiiences 
using giound fused (amoiphous) qiiaitz, which was benign by test A thud 
explanation is that electiical oiientation might oecui without tine ciystalliza 
tion, and “ elect! ets” with piezoelectiic behavioi might lesult This has 
been accomplished when asymmetiical molecules aie made to become elec 
tiically oriented without developuig true crystal stiuctuie^^ This considera- 
tion IS presently under expeiimental test 

It also has been observed that one of the dusts (ehalcopynte), classified 
as benign in the studies of others,^® belonged to an asymmetrical ciystal class 
Fuithei consideration revealed that this dust was electi really conductive and 
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imctn e piezoelcetiicnllj bj test’ This exceptional instance stinmlntes speeii 
lition as to a functioml explamtioii of the effect of alunimuin theiapj and of 
non hj dioxide coating in modifjing the fibiotic leiction to quartz Polaiity 
and, lienee, piezoelectue aetiaita might be “shoit ciicuited” by coating the 
paiticle with a thin slun of niatiiiil of liighei clectiic conductiMta than the 
ciystal itself or the tissue fluid aioiind the cijstal 

The piezoelectric nieoh inism leqiiires an energj souice, and seaeial likel> 
sources haae been piesented '\[niia ohsenations base suggested that tlieie 
are em nonmental faetois influencing the incidence and character of disease 
states uhich cannot be explained in eomcntional terms It is possible that 
ein 11 onmental fluids of eleoti oinagnetic force can be of pathologic importance 
through the piezoclectiic inethanism If this be tiue a desciiption of a 
biologic emiionment uill loinain incomplete until it includes a statenieiit co\ 
ering the fiequenea and intciisitv of foiec fields sun ounding the host This 
sub]eet will be consideied in iiioic detail in subsequent studies 

Fibrous tissue iiial es its conti ihution to biologic economy by suppl>mg 
physicallj suppoitne elements 'V\hen fihious replacement represents the 
prepondeiant u action to an injuiy one should suspect that iiijuiT to be of 
a phjsical oidei because it ts this order of stimulation that fibrous ttssue is 
fuiictionalh qualified to resist 

AYitlim biologic sanation fibious tissue reactions aie more “specific” to 
the site and degiee of miohement than to the chemical natuie of the flbro 
genic niateiial Quaitz the tubeiculous phospholipid and cholesterol have 
been shown to exeit a biologic influence which is both interchangeable and 
'syinbioticall} ’ additiae when equal distnlmtion is effected in similar tissue 
sites This olsei ration alone stiongh suggests a common mechanistic rela 
tioiiship between the substances 

A mechanism has been demonsti ated which exeits potent mitogenic 
influence when it acts m tissues It is thciefoie important that those plnsi 
ologic and pathologic states which are chaiacteiized by lapid piolifeiation 
of cells he lestudied in the li,„ht of thrs mechanism It is impossible to fore 
east where the mechanism will piore mipoitaiit There are sereial biologic 
phenomena which seem specially suggestne A classification of the problems 
uiidei coiisideiation and the basis foi selection is presented This classifica 
tion IS purest speculation and no committments beyond the conclusions of this 
pipei aie intended The classification is piesented for the sole purpose of 
stimulating thought and of inr itmg collahoration and expamsion 

Classification of Topics Suggestiiuj Piezoelectric Mechanisms — 

A Physiology 

3 Nornnl groutU nnd di/Tercnti'ition (growth stimulating sterols) 

2 Ilornional reactions as lactation and menstruation (sterols in general have ver> 
asymmetrical molecules) 

P Pathologic States 

1 Pathologic states at the site of strong and intermittent mechanical stress vectors 
(a) Heart and magor vessels ( VsehofF bodies atherosclerosis) 
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(b) Joints (Eheumntoid nithritis md allied states ) 

(c) Thorax with cougli and respiration (Pulmonarj fibrosis in tuberculosis, 
silicosis, etc ) 

2 Situations nhere minute manifestations of potentivl could occur 

(a) Hypersensitivity If the attractive charges of the antigen and the antibody 
weie not dissipated at the point of contact nhen the immune body is formed, 
a mmute dipole similar to that produced in the bimetal experiment would re 
suit (Overlaps with 1(a) for Aschoft bodies and with 1(b) in rheumatoid 
arthritis ) 

3 Situation in which there is an increase in metabolic products of asymmetric \1 
moleouldr structure This includes both host and bacterial metabolic products 

(a) Hypercholesterol and lipemic states (Overlaps with 1(a) in athero 
sclerosis and vascular disease ) 

(b) Tuberculous phospholipid (Overlaps with 1(c) in fibroid tubeiculosis ) 

(c) Malignant change where associated with disturbed sterol metabolism and 
with large dose hormone therapy (Cancer of breast, prostate, testes, ovaries, 
and perhaps other neoplasms as well ) 

4 Pathologic lesions which conform architectural!} with the equations of foicc such 
as Boeck ’s sarcoid, the other granulomata 

It IS again emphasized that this outline is foi expeiimeutal oigamzatioii 
and IS not to lie constiued in any othei light It 'vvill he noted that all the 
classes outlined shaie m common the featiue of cellnlai pi olif ei atioii In 
addition to eellulai piolifeiation, each class possesses one oi moie of the 
mechanistic essentials of a piezoeleetiie leactioii (1) An acceptable eiieigy 
sonice — heading B, 1 (2) An acceptable molecnlai leceptoi in excessive 

concentiation — headings A, 1, A, 2, B, 2, B, 3 (a), B, 3 (b) , B, 3 (c) (3) A 

manifestation of electiical potential — heading B, 2 (a) 

B, 2 (a) classification is paiticulaily speculative This class is consul 
eied worth study as piesented because of some leceiit highly significant ob 
seivatious When a suspension of ^e^y finely divided biologically active dust 
13 injected into the heait of a guinea pig, a “cpuck death” within a mattei 
of minutes lesnlts The death mechanism is clinically and pathologically m- 
distiiigmshable fiom the “pioteiu” death in guinea pigs that have been seiisi 
tvzed and shocked anaphylaetically This death leaction does not occui when 
lieuign dusts aie similaily injected oi when a luminnm-hy dioxide is added 
to the active dust suspension We aie uidebtod to Di Aitliui Voiwald foi 
iiifoiming ns of his lemaikable expeiiment It is felt that if an immune body 
failed to lose the atti active opposite chaiges of its antigen and antibody com 
ponents due to abnoimal electiical lesistance at the aiea of contact, this im 
nmne body would become a minute dipole similai to the bimetal dipole dis 
cussed eailiei and similai to the eleetiic polaiizatioiis which appeal on the 
snifaee of piezoeleetiie eiystals Again, the dampening effect of the aluminum 
hydi oxide might be explained by the foimation of a thin electiically neu- 
tializiiig skin ox ei the suiface of the dust 

CONCLUSIONS 

1 The ability of foreign mateiials to pioduce fibiogenesis is coiielated 
with then ciystalline stiuctuie 
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2 Those tested amorphous materials and materials whose cr 7 StaIline state 
possesses a central point of molecular symmetry (sjTiinietrical ciystals) aie 
nonfibrogenic 

3 Those tested ciystals ^\hich do not possess a eential jpoint of symmetiy 
(asymmetiical ciystals) and possess piezoelectric properties aie fibrogemc 

4 Se^eial mateiials pie'Mously untested biologically, selected for then 
physical piopeities, weie tested and shown to be iibiogenic 

5 Fibions tissue leactions Tie consideicd to be stimulated by releases 
of enei gy in mcehameal oi elect! ical states u ithin tissue 

Grateful acknowledgment is made to the -Vllis Chalmers Manufacturing Company, M est 
Vlhs, ^is, for fiinncial assistance an 1 to the follouing individuals for teclmical advice and 
assistance Mr Edward 11 Brown I)jre«tor of the Engineering and Development Division 
of Alhs Chalmers Manufacturing Conipain Mr Jack T 'Wihon, Mr Charles Kockwood and 
Mr William Ulis physicists of the Vlhs Chalmers Manufacturing Company, Doctor Harry 
K. Ihrig and associates, physical chemists and metallurgists of the Globe Steel Tubes Com 
pany Milwaukee, Wis , for tichnical advice and for i. ray diffraction and spectroscopic 
analyses, Doctor & 0 Morgan tml as<iociato3 of the Bell Telephone Company for techmeal 
advice Dr J W Gruner and Dr L OarJner of the University of Minnesota for the prepare 
txon of crystals of berhnite uiid Mr Leo C ilnscopust and Mr Carl Kubek for photographs 
and the preparation of the illustrations 
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TISSUE RESPONSES TO PHYSICAL FORCES 

III The Ability of Galvanic Current Flow to Stimulate Fibrogenesis 

SiL vs SI Evans, SI D , and SV.vx,ter Zeit, Ph D 
SIlLWAUKEE, SVis 


INTRODUCTION 

A CONCEPT has been piesented in eailiei lepoits^’- which depicts fibrous 
tissue reactions as stimulated bj^ and protective agamst releases of phj^sical 
force These eailiei lepoits discuss a modus opeiandi wheieby energy is tians 
foimed fiom a biologically iionmfluential to a biologically active state It was 
stated that separate reports would deal with the fibiogenic potential of individ 
udl eneigA states As piezoelectiieity is a piopeity of eeitain materials to tians 
foim energy in any diieetion between motion, heat, and electricity, each of these 
energy states leciuiies separate consideiation ^ - When a piezoelectric crystal, 
e g quai tz, which is deposited in tissues becomes squeezed by cough, strain, 
muscular actmty, arterial pulsation, or any other physiologic means, it is cap 
able of producing a current of electricity The present report deals with the 
eftect of such currents in tissue 

When two metals "with dissimilar electromotive levels are connected by an 
electioljte, they produce a flow of direct current The characteristics of such a 
current differ from the ciiiient ehaiaeteiisties of a stressed piezoelectiic crystal 
in the following manners 


Bimetal Battery Current 

1 Current flow in one direction 

2 Uninteiiupted cur lent flow' 

3 Limited duration — current wall 
stop when the batter v is ‘ i un dowm ’ ’ 


Prezoelectiic Crystal Currents 

1 Current flow m one direction while 
the crystal is stressed and in opposite 
diiection when the stress is relieved 

2 Inter lupted current flow occur 
ring only during stress and relief of 
stl GSS 

3 Unlimited duration as the crystal 
does not liberate eneigj' but tians 
forms eiieigj' from a source outside 
itself 


In spite of these differences in cuiient characteristics, there is sufficient 
similarity to make experimental consideration important 

In a bimetal electromotive battery, the voltage produced depends on the 
degree of electromotive dissimilaiity of the metals and the resistance of the 
electioljde (Ohm’s law') As a similar technique is employed in similar animals, 
the factor of electrolyte resistance may be disregarded as a constant 

The importance of selecting identical metals which are electiomotively 
neutral with tissues for screw's and plates in orthopedic surgery has been em- 
phasized by others ^ It also has been shown that single metals may interact 
w'lth the tissues in w'liich they are imj>lanted, resulting in current flow The 

From the Departments of Medicine and Anatomj Marquette University School of Medicine- 
ReceKed for publication Feb 1 1949 
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degiee of fibious tissue leiotion Ims been shown to be piopoitionato to the 
amount of euirent pioduced’ 1 best piiiieiples appeal to be well established 
with laige implants such is plate, and seiews Heietofoie, no data have been 
a\ailable desciibing the beln\ioi ol dust size bimetal deposits in tissues 

Sihei, aluminum, and non powdiis weie selected foi study Aluminum 
13 stionglj positne elcetiiealh to sihei md niodciatelj positue to non Silvei 
IS stionglj negatne to aluminum uid modcintely negatne to non Iioii oc 
cupies a mid position clcctucalK nid is ncai the elcctromotiie position of tissue 
fluids The expeiimentil piofiduK emplojcd all thice metallic dusts indi 
Mduallj, ns well as the llute comluintions of two inis.ed dusts It is theoreticalh 
consistent to state that diffcunt It icJs of \oltnges wcie cxpeiinicatall} produced 
in tissue The puipose of the txpciiment was to dcteimine if tlie magnitude 
of the flbrotic lespoiise was piojmitiomte to the loltage produced 


Th 

Mixed Ag and U 
Aff alono AI aloao 
Ag and Fo VI 'ind Fe 
Fo alono 


rotKal \oUago Table 

Highest voltage 
Intermedmto voltago 
■Minimal or no voltage 


M \TrJRI VLS 

Dusts 1 Uuminum metal dust 

2 PrccipiUtcd silver dust 

3 Iron powder 

Animals Tlurtj four adult white rats wore used ui the experiment 


METHOD 

Intrapeutoncal Preparations — Ono hundred milligrams of metallic dust were used m 
each experiment Tins amount was cither entirely of ono dust, or, where two dusts were 
mixed, 50 mg of each fraction were med jVII dusts were mixed immediately before m 
jecting lutrapcntoneallj into an anesthetized rat The abdomen of the mt was then mas 
saged to distribute the dust 

Intratracheal Preparations — The trachea of the anesthetized rat was expo'^ed and the 
suspension of dust was injected into the traJiea Ten milligrams of a single dust or 5 mg 
each of mixed dusts wore injected in each inst inco 

Aluminum — Three rats were prepared b> simultaneous intrapentoncal and intratracheal 
injection These rats were saenfleed at two four and si\ weeks 

Iron — Six rats were prepared iiitrnpcritoneally but not mtratracheallj These am 
mals were sacrificed as follows one at four weeks one at eight weeks, two at twelve weeks, 
and two at sixteen weeks 

Siher — Three rats were prepared intrapentoncallj and mtratrachcallj They were 
sacrificed at one, three, and fi^ o weeks 

Silver and Aluminum — Six rats were prepared mtr itracheally and intrapentoneally 
These animals were sacrificed at one, two, three four, five, and six weeks 

Stiver and Iron — Seven rats wero prepared intrapcntoncalJy but not intratrachcaUj 
These were sacrificed is follows two at three weeks, two at four weeks, one at five weeks, 
and two at eight weeks 

Aluminum and Iron — Nine rats were prepared intraperitoneally but not mtratrachcally 
Theso were sacrificed as follows ono at two weeks, two at four weeks, two at six weeks, 
tno at eight weeks, and two at twelve weeks 

RESULTS 

The lesults aie described under foui headings as determined by the magni 
Uidc of the reactions observed 
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Reactions in tlie Mhite rat (Mus noriegtciis) to the highest theoretical \oItage 
Sliver and aluminum dust preparations 

Fig 1 — Reaction in tlie lung produced in two weeks (/400) 

Fig 2 — Intraperitoneal nodule produced In six weeks (X200) 

Fig 3 — Intraperitoneal nodule produced in two weeks (x400) 


mixed 
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Reactions in the white rat to th second higlicst theoretical voltage, aluminum dust onl> 
Fig 4 — Intraperiloneal nodule produced In six weeks (X200) 

FJff B — Nodule on the surface ot Vie JKer produced In six and one Imlf weeks (X'’0O) 
Fig 6 — Nodules produced in the lung In elx and one half weeks (x 00) 
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Reactions in ttie "white rat (Rii^ noivegictts) to the highest theoretical \oltage, 
silver and aluminum dust preparations 

Fig 1 — Reaction in the lung produced m two weeks (XIOO) 

Fig 2 — Intraperitoneal nodule produced in siv. weeks (X200) 

Fig 3 — Intraperitoneal nodule produced in two weeks (X'lOO) 


niived 
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II Either Alone, Uiiniinum \lone — The icactioas to thcbe diibtb ucie 
similai Iiistolooic illj to the re letions to the mj\cd alumiuum and silver prepaia 
tioiis Tilt leactions ^\tlc not is ^losslv e\teiLsi\c Dense, collagenous, avas 
cular, fihioiis v\hoils were slouci in tonnition The lesions produced were con 
sideitd as qualit itivch siinilai to those pioduccd hy mi\ed aluminum and silver, 
hut quantitativtlv less e\cessi\e ind slovvei in development See Figs 4, 5, 
and 6 

III Silvci and Iron, Alnminum and Iron — These preparations iiroduced 
a reaction with a less notable pi olilti itjon of fibroblasts and with minimal de 
position of collagen Theie w is moic v Lsculaiit^ and less extensive gioss re 
action than v\as seen in the piertdin^ „ioups Of particular interest was the 
micioscopic appeaianee of a iiin<lown^ clcctiomotive battery The two 
metals could be distiiioUishtd mn losropicallv, and one metal was observed to 
“plate” the other 

IV lion Alone — In this „i(mp the icuctions wcie observed to be no more 
proliftiative than is seen in smijile loiei^ii encapsulation 

DISCtSSION 

The lesults obtained jusfiA the concluston that the magnitude of the le 
actions pioduced hy electromotive cuucnts is proportionate to the voltage 
theoretically developed \\ oik is in plotless to asccitain if the dielectiic prop 
erties of iiiatuie fibrous tissue as compaicd vvith othci tissues of the body, 
qualify fibious tissue as iclativclv insulativc and hence piotcctive against elec 
tncal stimuli 

In these expciimcnts aluminum oi silvei alone a])pcaied more leactive than 
aluminum and non oi sdvci and non This is misleading lion is lelatively 
ncai to animal tissue electiomotivolv The non, thcicfoie contnbuted nothing 
to the reactions which the suuounding tissue alone would not have supplied 
It should be noted that, in the immixcd aluminum and the unniixed silvei 
prcpaiations, 100 mg wcie used intiapcritoncally whereas in the aluminum 
and non, and silver and iron iiiLxcd cxpciimcnts onlv 50 mg of aluminum or 
silver were iLscd The factor of dosage thcicfoie is obviously uncontrolled in 
these two gioups 

The significance of these observations in the gencial pioblem of fibrotie 
reactions to disease has been discussed in tarliei papers * 

CONCI LSIONS 

1 Ouiients of clectncitv produced clectiomotively in tissues are capable 
of stimulating fibrotie leactions 

2 The magnitude of the leaction is proportionate to the voltage generated 
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QUANTITATIVE SPECTEOGRAPHiU ANALYSIS OP BLOOD AND 

TISSUE FLUIDS 


Robert M Stecher, JI D , How \rd M Bedell, B S , .vnd Irene Levis, Ph D 

Cleveland, Ohio 

T he piesent study is limited to the quantitative deteimmation of metallic 
elements in biologic mateiial by the emission speetiogiaph using eleetiical 
excitation Elect! leal excitation emission spectioseopy is to be distinguished 
fiom emission flame spectioseopy and absoiptioii spectioseopy Emission 
flame spectioseopy is limited in geneial to analysis of those elements having 
low excitation potentials such as the alkali metals In flame spectioseopy 
the elements aie excited to emit light by intioducuig the sample into a gas 
flame wheie the teiiipeiatuie is in the lange of 1,500° to 3,000° C By using 
electiical excitation wheie the sample is binned in an electiic aic, tempeia 
tines of 5,000° to 8,000° C aie obtained It is iiossible, theiefoie, to excite 
even those elements haiing leiy high excitation potentials Absoiption spec- 
troscopy lends itself best to the analysis of oigaiiic compounds in solution 
and is accomplished by passing light of all wave lengths thiough the sample 
and studying the absoiption pattern obtained 

THEORETICAL CONSIDERATIONS 

Eveiy element, when burned, pioduces radiations of monochioniatic light 
which aie specific Wlien such ladiations aie dispeised in a speetiogiaph and 
leeoided on a photogiaphic film they can be positively identified both qual 
itatively and quantitatively The intensity of light emitted by any element 
dining the buining is piopoitional to the amount of that element piesent 
These aie the piinciples upon which spectiographic analysis is based In 
actual piactice the amount of any element piesent in a sample is determined 
by measuiing, with a miciophotometei, the blackness of the photogiaphic 
images of the specific spectial lines pioduced A quantitative analysis of a 
sample foi the metallic elements is made by compaiing the spectiiini of the 
sample with the spectium of a known standaid The theoietical lequnement 
of a standaid is that it shall be identical with the sample in both physical 
stiiictuie and m geneial chemical composition It is obvious that it is nn 
possible to synthesize a leal blood of known composition The fiist necessity 
in the spectiogiaphic analysis of blood becomes, theiefoie, that of conveitmg 
the sample to a foim which may be duplicated by a synthetic standaid of 
Imoini composition This is best done by destioying the oigaiiic constitu- 
ents by acid digestion or by low tempeiatine diy ashing which also fixes the 
metallic elements as iiioi game salts oi oxides 

Prom the Department of Medicine of Western Reserve Medical School at City Hospital 
and National Spectrographlc Laboratories 

Aided b> grant of funds from the Louis D Beaumont Trust 

The authors are indebted to Dr Howard T Karsner for his advice and encouragemen 
Receded for publication Nov 30 1918 
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Ihe aiuovint o£ «\y clement picbcnt il deteinmved by measmuig the 
blackiiess of the photOLni'luc image piodiiccd This is done nitli a mieio 
pliotonietei nhicli diteiinines In menis. of a photoelectiic cell and gahaiiom 
etei, the pei cent of light tiaiiMiiitted thioiigh the hue image This trails 
mittaucy is iii\eii,ely jn opoi tioiial to the iiifeiisitj of light piodiicmg the 
image on the photogi iphic plate accoidiiig to Tig 1 



RELATIVE INTENSITY 

yig 1 — CharaHcristic rxirvc ot pholoerapVilc enmlalon 

If the ovei all iutensit\ of spectia couid he iepiod\icecl accurately from 
saDipIe to sample iiitensitj of an clement hue could ])e plotted diiectly against 
the element concentiation Thib is not the case ho^\e\ei so a correction foi 
small \niiations lu the intensity of specUa is made ust of the internal 
standard method which consists of adding a weighed amount of a foi eign ele 
meut to T. measuied amount of sample The mteusity of light emitted by the 
element used as inteiiiTl staiidaid is then accepted as a quaiititatne measiue 
of the sample consumed oi lecorded The element used foi an luteuial stand 
aid must be chosen with cue It must be an element available in. puie foim, 
bo chemically and spectiogiaphically compatible with all elements to be as 
sayed and ha\e a simple spectium \\lucK docs not inteifeie with the sensitive 
hues of the tiace elements 

The concentiation of the uuhuown element is pioportioml to the ratio of 
the light emitted by that element to the light emitted by the internal stand 
aid The latio of light fiom the unknown element to light from the internal 






QUANTITATIVE SPECTROURAPHiC ANALYSIS OP BLOOD AND 

TISSUE FLUIDS 


Robert M Stecher, il D , Howard ]M Bedell, B S , and Irene Levis, Ph D 

Clea^land, Ohio 

T he pieseiit stiidj is limited to the quantitative deteimmation of metalhc 
elements in biologic mateiial by the emission spectiogiaph using electiieal 
excitation Electiical excitation emission spectroscopy is to be distinguished 
fiom emission flame speetioscopy and absoiption spectioscopy Emission 
flame spectioscopy is limited m geneial to analysis of those elements having 
low excitation potentials such as the alkali metals In flame spectioscopy 
the elements are excited to emit light by intioducing the sample into a gas 
flame ivheie the tempeiatuie is in the lange of 1,500° to 3,000° C By using 
electiical excitation ivlieie the sample is burned in an electiic aic, tempeia 
tines of 5,000° to 8,000° C aie obtained It is possible, theiefoie, to excite 
even those elements haiing veiy high excitation potentials Absoiption spec 
tioscopy lends itself best to the analysis of oigaiiic compounds in solution 
and IS aecomplished by passing light of all ivave lengths thioiigh the sample 
and studjang the absoiption pattern obtained 

theoretical considerations 

Eveiy element, when binned, pioduces radiations of monochiomatic light 
which aie specific When such ladiations aie dispeised in a spectiogiaph and 
lecoided on a photogiaphic film they can be positively identified both qiial 
itatively and quantitatively The intensity of light emitted by aii}^ element 
dining the burning is piopoitional to the amount of that element piesent 
These aie the pimciples upon which spectiogiaphic analysis is based In 
actual piactice the amount of any element piesent in a sample is determined 
by measinmg, ivith a miciophotometei, the blackness of the photogiaphic 
images of the specific spectial hues piodiiced A quantitative analysis of a 
sample foi the metallic elements is made by compaiing the spectiuni of the 
sample ivith the spectiiim of a known standaid The theoietical leqiniement 
of a standaid is that it shall be identical with the sample in both physical 
stiuctuie and in geneial chemical composition It is obiuous that it is im- 
possible to synthesize a leal blood of known composition The fiibt necessity 
in the spectiogiaphic analysis of blood becomes, theiefoie, that of conveiting 
the sample to a foim which may be duplicated by a synthetic standaid of 
known composition This is best done by destioying the oiganic constitu 
cuts by acid digestion oi by low-tempeiatuie dij-- ashing which also fixes the 
metallic elements as iiioi game salts oi oxides 
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stindijd ]s called the lutensitv ratio Actual computation of the lesults is 
done bj applying the intensitj latio of the sample to the analytic iioikmg 
cuives Anahtic woikinj, cuives aie established bj burning a set of three 
or moic synthetic btaiidaids containing the inteiiial standaid and knoivn 
amounts of the elements to be analyzed iii high medium, and low coneentra 
tions within the laiiges expected Such synthetic samples should he made 
to appioMiiiate the iioiimial eomposition foi all elements of the mateiial to 
he analyzed e\ui though only one element is to be detcimined Analytic 



Fie 4 —Shape of graphite electrode used 

woihing cuives haie to he deteimined separately foi each spectiogiaph and 
redeteimiiied fiom tune to time foi the same instiuments The anahtic woik 
nig cuives for lead (Ph), non (Fe), magnesium (Mg) and sodium (Na) in 
blood used in these studies are shown in Pig 2, and foi lead, magnesium, and 
phosphonis (P) in uinie in Fig 3 

mOCI-DUBE 

Tho first work and that from which the data and anahtic curves in this 
paper were obtained was based on variations of a wet asluiig technique, using 
a mixture of peichlonc and nitiic acids to destroy the otganie material in the 
Wood The best results by the acid digestion method weie obtained bv digesting 
5 c c of blood in 15 e c of IlClOa plus IINO, the acids being in tbc ratio of 
2 1 Ihe mixtuic of blood and acids was taken to dryness and the lesidue 
picked up 111 5 c e of nitric acid solution contaiiuiig i Gm of cadmium acetate 
per 100 ec of acid Bismuth was used ui place of cadmium as an intenial 
standaid with oOod success paiticulaih iii the dctoiimnatioii of lead Syaithctie 
staiidaids simulating the mineial content of blood aie made hv dissolving pure 
salts m a dilute nitric acid solution 
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Aftei digestion, 0 02 oi 0 05 e e of sample, depending on sensitivity le 
qiiiied, IS then pipetted into the eiip of a puie giaphite electiode The elec 
tiode used is of the type shovni in Fig 4 The sample is diied in the cup of 
the electrode by the heat of an mfiaied lamp Best lesults aie obtained by using 
electrodes in which a diop of pure liquid petiolatum has been allowed to soak 
in and an dry befoie the sample oi the standaid is put into the cup This pie 
vents the sample solution from soalnng deeply into the giaphite and gives a 
deposit of salts m the cup on diying The sample is then burned in a direct 
cuirent aic with a cuiient of 15 ampeies A buiniiig time of about ten seconds 
IS sufficient to completely volatilize the sample when the oil-tieated cup is used 
The synthetic standaid is burned in juxtaposition on the same photogiaphic film 
to facilitate quantitative deteiminations 

A iiiici oteehiiique was developed using a sample of only 0 02 c c of blood 
obtained either by a skin punetuie oi fiom a sample of hepaiinized blood 
taken by i enepunetui e The sample is measui ed in a staiidai d Sahli hemo- 
cytometei and is deliveied into the cup of a pine giaphite electiode The 
sample is coieied with the same amount of concentiated pei chloric acid to 
which 4 Gm of cadmium acetate pei 100 e c have been added as internal 
standaid Heat is applied gently to the electiode ivith an infiaied lamp foi 
about thiity minutes until the specimen is digested The sample is burned 
In a diieet cuiient aie as befoie Again a synthetic standaid sample is burned 
ind lecorded in juxtaposition on the same photogiaphic film Some difficulty 
was encounteied because of the lapid leaction of the blood 171111 the peichloiic 
acid and also because of the difPeience in the absoiption of the blood and of 
the synthetic standaid solutions nito the giaphite cups and the lesultiiig dif- 
feient rates of volatilization into the aic Reasonable duplication of lesults was 
obtained undei eaiefuUy conti oiled conditions 

A diy ashing technique was developed and tiied which gives excellent 
lesults with iiimimum difficulty A small piece of ashless filtei pad is packed 
mto the cup of the electiode Samples of both the blood and the synthetic 
standaid aie piepaied in identical fashion by pipetting 0 02 c c mto the pad, 
then 0 02 e c of cadmium acetate solution is added The electiodes aie placed 
in an oi en eonti oiled at 850° F maximum Ashing is complete in about one 
to one and one-half houis An excessive ashing time may cause the loss of 
any of the moie volatile elements A small deposit of niineial ash is left in 
the bottom of each electiode and theie should be no absoiption of any of the 
mnieials mto the giaphite of the electiodes The deposit is lathei light and 
fluffy, so that to pi event loss at the initiation of the aic a diop of HNO3 should 
be put 111 each cup The sample is caked and some of the mmeials aie dis- 
solved and cai 1 led into the sui face of the gi aphite A small amount of pene- 
tiation IS not objectionable jii ended that it is umfoini with both the un- 
known and the standaid solutions The electiodes aie then burned 111 the 
diiect curient aie as befoie 
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Aiiothei tieatmeiit of the sample after ashing irhioh shows good pi om 
ise, paiticularly m stabilizing the aie and enhancing sensitnity, is that of 
packing lithium caibonate into the cup on the ash The ash is fused with the 
lithium compound on heating in the are and the burning eharaeteiisties are 
those of the lithium compound The cadmium is still used as the mteriial 
standaid and an exact measurement of the litluum is not leqmred This 
method is veiy similai to that leported by Myers’ and others m the analysis 
of leaves and other plant tissue foi both majoi and tiace mineial elements 
Aftei burning the samples in anj of the deseiibed tcchmques, the film 
or plate is developed undei iitidl> contiolled conditions as to tempeiature 
and time, and the measurements of the hue intensities are unde iiith the 
mieiophotometei Manufacturei-s’ specifications foi film processing are £ol 
lowed 

,0/ T 



F 

Fig 5 — Schematic diagram of microphotometer A Constant light source B line image 
on ftlma. O photocell and slU £> variable resistance B galvanometer F meter scale lo 
original light intensity / transmitted light Intensity T transmission 

riLCUt-ATIONS 

The method by wliicJi tlie ratio of the intensities of two spectral lines 
IS detei mined is as follows 

The transmittancy of the line imigc on the photogiaphic plate is de 
terrained by means of tfie microphotometei as illustrated in Fig 5 which 
shows a schematic diagiam of the nuciophotometer 

The galvanometer ciicuit is adjusted to lead zeio deflection when no 
lifjht stiikes the photocell and to icad 100 when the light passes through clear 
film Then the reading obtained when a line image is inteiposed between the 
light souice and the photocell is called pei cent transmission (T) It is ob 
vious that the blackei the line on the film, the lower the leading (T) which 
■will be obtained This in tuin indicates a stiongei intensity of light emitted 
bj the element undei studj which produced the image The lelationship of 
(T) Avith icspect to rclati\o intensity (I) of light emitted by the elementary 
sample is showai in Fi^ 1 If foi e\ample as shown in Fig 1, in the analysis 
of blood for iron the values foi T aic Tpo = 40 and Tcj =• 30 then iFe/Icd 
*= 0 92/128 — 0 72 Flora Fig 2 the concentration of iron would be found 
to be 27 mg /lOO c c of whole blood 
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Table I Comp vrison op Chemical and Si ectrographic Analysis op 25 Fe Determinations 

Of Whole Blood in mg pee 100 c c 


SI FCTROCRAl HIC 

CIIEMICAI 

DIFFERENCE 

34 

35 2 

+12 

312 

37 8 

+3 6 

35 

36 1 

+11 

17 1 

34 0 

-3 1 

17 1 

39 0 

419 

17 S 

36 0 

- D 

IS 2 

41 9 

+37 

38 3 

41 9 

+3 6 

18 3 

38 0 

-0 3 

10 1 

41 1 

+2 0 

40 5 

401 

- 4 

43 

45 

+2 0 

43 

46 0 

+3 0 

13 0 

45 8 

-1-2 2 

45 5 

49 0 

+3 5 

46 0 

49 0 

+3 0 

46 2 

40 0 

+2 8 

4b 2 

51 9 

+5 7 

46 2 

51 9 

+57 

47 0 

51 0 

+3 1 

49 6 

481 

-1 5 

50 5 

48 3 

-2 2 

51 9 

51 8 

- 1 

53 0 

56 0 

+3 0 

55 0 

55 0 

+0 0 


RESULIS 

Obseivatious weie fii&t made on non because it was easy to check spec 
tiogiaphie lesults by cheinieal methods A senes of deteiininations on twenty- 
five diffeient samples of blood chosen at landom fiom the medical seiviee at 
City Hospital is shown m Table I The lesnlts aie ai ranged in ascending 
01 del of magnitude as detei mined by this spectiogiaphic method The values 
ranged fiom 34 0 to 55 0 mg pei 100 cubic centimeteis The non content 
was detei mined chemically- The lesults obtained by both methods weie ni 
essential agi cement The actual deviation of the spectiogiaphic method fioui 
the chemical method laiiged fiom +5 7 to -31 mg pei 100 cubic centimeteis 
The aveiage diffeience ivas +1 64 These deviations weie fiom +12 pei cent 
to -8 pel cent, ivith an aveiage of +5 pei cent The standaid deviation foi 
the senes i\ as 6 06 pei cent of the amount piesent 

Aftei showing that the non detei minations obtained spectiogiaphically 
compaied favoiablv with those obtained by conventional chemical tests, le 
coieiy and i epi oducibility studies weie made Kepi odiicibility of non is 


T IBLE II ELPRODDCIBILITA DETERMINATIONS ON 0\ BlOOD WlTII ADDED IMlNERALS 

(MG PER 100 C C ) 


1 

Fe 

1 NT 

Mg 

Pb 


fe iiuple 1 

42 

320 

39 

9 



42 

340 

41 

1 1 


Sample 2 

76 

410 

96 

5 



SO 

385 

86 

5 



SO 

380 

80 

6 

— 
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shown 111 Tible II Sample 1 is that of a sample m the low uouual langc of 
conctntintion, wheieas Sample 2 is a noiinal lilood to which non has been 
added The non deteinuintions cheeked within 5 i^ei cent in the thice de 
teiminations on the second simple and wcie identical foi the duplicate iiins 
of Sample 1 

Obseivations on sodium aie shown in Tabic II Good lepiodueibility 
within 7 pel cent of the amount piesent was oht lined on both samples Sample 
2 demonstiates good ieeoiei> because it is Sample 1 to which 50 mg of Na 
pel 100 ce weie added Results foi Pb shown in Table II and Table III 
demonstiate both lecoieiy and lepiodueihilitj All samples weie noimal 
blood to which calculated amount of Pb weie idded to gne 0 05 01, 02, 04, 
0 5, and 1 0 mg pei 100 cubie cuitimoteis Collection was made foi the ongi 
nal Pb in the blood 


T MILE III The Recoverv oi Lem> Added to Whole Blood (mo per 100 c c ) 


Lead added 

0 02a 

0 0a 

0 10 

0 20 

0 40 

Lead reco\€red 


0 047 

OOOo 

0185 

0 86 



OOal 

0105 

0100 

0 38 



0 Ooo 

0 150 

0 16 

0 r 

Sample 1 


0 049 

0 00a 




0 002 




Sample 2 

0 02a 

0 05 

010 

0 21 

0 41 

0 023 

0 045 

010 

0212 

0 43 






042 

Sample 3 


0 045 

OOS 

010 



OOjO 

on 

0 21 



Tests weie equally satisfactoiy foi magnesium 

Any of the bodj fluids which maj he measuied onto the flltei pad in the 
electiode nia^ be analyzed in exactly the same mannei Standaids piepaied 
to have minei il concentiation simulntin„ those normally piesent in the bodj 
fluid undei study aie zequned foi accuiate quantitatne analysis 

EQUIPUEVr 

These studies were staited on an oiiginal giating spectiogiaph ha\ing 
high resolving powei and high dispeisioii Such an elabomte mstiument is 
not iiecessaiy because subsequent expeiieuce pioied that equally accuiate le 
suits weie obtained with a less e\pensi\e mstiument (laiiellAsh 3 metci 
lephca giatiug 'NVadswoith mount) The smallei uistiument because of its 
highei wa\e length coieiage and inci eased speed, is moze desitable foi this 
woik in some lespects than the laigei instrument The small mstiument 
eoieis m one exposuie the entiie spectial lange iieeessaij to determine all 
the elements fiom potassium at 7 800 A® in the hioh iisilde lange to phos 
phoiiis at 2 500 A° in the low ultraviolet 
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SUAIMARY 

Emission spectiogiaphy ofteis a convenient, aceuiate, and lapid method 
of malang simnltaneous ciuantitative detei minations foi seveial elements in 
pne sample Although the method has so fai been tested only foi non, sodium, 
potassium, magnesium, calcium, and lead, we are confident that it can be lead 
ily adapted to many moie 
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THE USE OP THE EMISSION SPECTROGKAPH FOR THE 
QUANTITATIVE DETERMINATION OF Na, K, Ca, Jig, 

AND Fe IN PLASJIA AND URINE 

A J Boile, M D , T Whitehead, M S , E J Bird, Ph D , 

Thom is M Batchelor, JI D , Lloyd T Isehi, M D , S D J icobson, M D , 
iND Gordon B Miers, M D 
Detroit, Mich 

E JIISSION spectiogiapliy ib a common iiidustiial pioeedure for the analysis 
of alloys Each element is recognized by the chaiaoteristic spectrum 
emitted nlien it is subjected to high temperatuies in an electric arc or spark 
The spectrum is dispeised hy means of a gnting oi piism which sepaiates the 
lines to a fraction of an angstiom The speetium is photographed on calibrated 
plate or film > * The density of the spcetial lines is i elated to the concentration 
of the element Quantitation is obtained by the incorporation of a known 
amount of a foieign element which senes as an inteuial standard ^ By photo 
eleotno eomparison of the densities of the spectial lines of the element being 
determmed and the internal standaid the coiiccutiation may be obtained 

Numerous methods foi the aiiahsis of solids and liquids, using both arc 
and spaik sources, haie been described by Brode * The customaiy, but time 
consuming, pioeedure foi the siiahsis of solutions is to evaporate to dryness in 
a eraterized carbon eleetiode bcfoie ignition Solutions also have been analyzed 
by direct introduction through a capillon into the electric source" but in oui 
experieneo this method Ins been unsatisfnctoiy The special featuie of the 
method reported in this cominuiiicatioii is the employment of a lotating disk 
electrode, or rotiode one section of which is paitialh immersed in the prepared 
biologic fluid As the disk lotatcs the sample is picked up on the surface of the 
electrode and biought undci the iiifliieiioe of high voltage spaik excitation 

PREPAR VTION OF S VMPLE 

The purpose of sample picparatioii is threefold (1) destiuetion of inter 
fering organic matter, (2) mcoipoiatiou of a known amount of a foreign element 
as an internal standaid, (3) adjustment of final volume to make spectrsl lines 
of optimal intensity 

Prioi destruction of plasma and uiinaiy protom is necessary to pieient 
coagulation during spaikiiig and consequent iiiegulaiity in cation vapoiizatioii 
Direct treatment of the plasma with ivaim tetiaetliyl ammonium hydroxide is 
the simplest method foi destruction of protein and produces a sample suitable 
for spectrogiaphic analysis of Na, Ci Mg and Fe Howevei the ammonium 
ion impairs sensitivity to such an extent that the intensity of the potassium 
lines IS 1 educed below a point where they can be read with accuracy A 2 1 
nitric perehlorie acid mixtuie is adequate for the destruction of pioteiii and 
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noupiotein mtiogenoub compounds m the plasma and pioduces a sample suit- 
able foi the deteimination of K as tvell as Na, Ca, Mg, and Fe To effectively 
destroy the huge amounts of uiea in lumaiy samples, it is necessary to use 
hj diocliloiic acid m addition to the nitiic-peichloiic mixture 

Lithium, cadmium, nickel, and coppei were tried as internal standards 
and lithium was found to be most suitable In the event that lithium is used 
clinically as a salt substitute, it will be necessary to change the internal standard 
Either cesium oi rubidium should be satisfactory 

Plasma — Samples must be collected in glass stoppered containeis to prevent 
the adsorption of cations by cork oi contamination by rubber stoppers Four 
cubic centimeters of heparinized plasma are pipetted into a 250 ml beaker, to 
which axe added 15 c c of 2 1 iiitiic-peichloiie acid mixture* and 3 0 c c of a 
0 3 Gill per cent lithium chloride solution The lithium serves as an internal 
standard The beaker is covered with a watch glass and the solution is per- 
mitted to evaporate to incipient dijuiess Five cubic ceiitimeteis of distilled 
water are added to the cooled beakei and the contents swirled until the solution 
IS complete This completes the piepaiation of the sample for spectiogiaphic 
analysis 

Unne — To 10 0 c e of urine in a 250 ml beakei are added 10 c c of hydro 
chloric acid and 15 e c of 2 1 nitiie-pei chloric acid mixtiue and 3 0 c c 0 3 6ni 
pel cent lithium chloride solution The sample is treated in the same manner 
as loi plasma, except that the final volume is made up to 10 0 c c with distilled 
w atei 


APPlBlTUfe AND PROCEDURE 


The apparatus in use is an Applied Eeseaich Laboratories 1 5 meter giatmg 
spectrograph ecpnpped nith an ARL lotiode, as shown in Fig 1 The lotiode 
IS driven bi a sjuichionoiis motor supplied with a reduction system to control 
the speed of rotation A high-puntv carbon disk electrode m in diameter 
and Vb 111 in width with a centered % in hole is attached to a carbon axle winch 
IS inseited in the rotating adapter of the electrode This system forms the lower 
electrode of the spark stand (Fig 1, A) The upper electrode is a tapered 
high-piinty graphite rod (Fig 1, B) A porcelain boat contamuig the prepared 
sample is arranged on an ad 3 ristable platform, which maj be elevated to bring 
the solution into contact with the rotating disk (Fig 1, C) A speed of four 
revolutions per minute was found optimal for the analyses earned out m this 
study 

The excitation source used to vaporize the samples is an Applied Eeseaich 
Laboratories high-voltage spark source unit The input is set at 240 volts 
The rotary spark gap is adjusted so that the meter leeoidmg relative piiman 
collages reads 75 colts Pocvei is set at 2 Icv-a Full inductance of this unit 
IS emplo’yecl (setting at 8) The electrodes arc piespaiked forty seconds before 
the disk IS brought into contact cvith the solution A second piespaik is earned 
out after immeision of the rotating disk to conecntiate the solutes on the carbon 


•Perchloric acid should ne\er bo biought into contact %Mth organic material in 
of nitric icid of the rtanfier of « xplosion The addition of nitric acid pern 


sniooth ^oxidation of organic material ^\llh safetj 




Fig 1 — A Rotating disk electiode B Craphlte rod electrode C Pore Jain boat 

surface Tluee sepaiate c\posincs of fort\ seconds etch aie then made of a 
feiven sample The light emitted b> the vapoiization of the solution is trans 
nutted b\ means of a cylmdiical lens through the sht of the spectiograph, dis 
persed h\ the grating and focused onto a 35 mm spectrum anahsis #1 film 
Tills film IS developed using D 19 developei £oi tvro minutes at 70° F A siUole 
film, IS sufficient foi nine e\i)osuics 
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Fig 2 


This pioeeduie obtains the quantitative spectiogiaphie analysis of sodium, 
potassium, calcium, magnesium, and non The wave lengths found most suit- 
able foi quantitation aie sodium, 3302 3 A, potassium, 40441 A, calcium, 
31i9 3 A, magnesium, 2783 A, non, 3020 6 A, lithium lefeience hue, 3232 6 
angstroms The films aie lead on an ARL densitometer Samples are generally 
run in lots of twelve Approxuiiately two houis aie lequiied fiom the beginning 
of sample pieparation until lesults aie available foi the five metals in each of 
the twelve samples 

Synthetic standaids, appioviniating the eleetiolyte composition of plasma 
and urine, aie lun at least tivice daily as a contiol on spectiogiaphie accuracy 
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These standards aie subjected to the same piepaiatioii as desciibed foi 
plasma and uiine samples AVoilciiio cuives and lapid calculating scales’ are 
established from tliese standaids so as to include a range covering one half to 
h\o times the expected concentiations (Pig 2) 


Table I Results of SE\E'i Srn uiate Exposures of a Single S\mple of PIuVSHA 


Na 

K 

Ca 

Mg 

Fo 

131 

55 

52 

2 7 

0 038 

128 

5 5 

4 S 

25 

0 038 

128 

5 5 

50 

25 

0 036 

130 

5 0 

50 

2o 

0 036 

130 

50 

50 

24 

0 036 

135 

50 

52 

25 

0 034 

130 

51 

50 

24 

0 036 


Concentrations arc expressed as inilliequKalents of metal per liter of plasma 


RESULTS 

The lesults of se\cn sepaiatc deteinunations on the same sample, picked at 
landom, aie given in Table I to ilUistiate spectrographic reproducibility and 
precision 

To determine the accmacy of icco\er>, kno^vn amounts of individual 
metallic salts ivcre added to preMOUsly analyzed samples of plasma or to syu 
tlietic standards Tabic II leprcscnts a portion of the lesults picked at random 


Table II Comparison of Amounts Found on Spectrograpuio Analysis With Those 
Known to Be Present in a Series op Fortified Samples 


AMOUNT present 

AMOUNT FOUND 

per cent error 

Na 

Na 


105 

177 

- 92 

1D5 

185 

- 51 

260 

252 

- 31 

200 

250 

- 16 

322 

336 

4 44 

208 

215 

+ 35 

K 

K 


7 0 

73 

- 4 0 

76 

77 

+ 1 3 

70 

74 

- 2 0 

70 

70 

- 92 

76 

78 

+ 20 

10 2 

10 2 

±00 

Mg 

Mg 


2 50 

2 oG 

+ 24 

3 32 

3 24 

- 2 4 

4 16 

3 74 

-10 0 

Ca 

Ca 


0 2 

02 

±00 

6 2 

04 

+ 32 

62 

06 

+ 64 

74 

78 

+ 54 

74 

78 

+ 54 

74 

70 

- 54 

74 

76 

+ 27 

Fe 

Fe 


0 07- 

0 068 

- 55 

0 108 

0106 

- 18 

0 072 

0 078 

+ 8^ 

0 108 

0122 

+13 0 

0108 

0108 

±00 

Concentrations are 

expressed as mfUiequUalcnts of 

metal per liter of plasma. 
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to illustiate the peicentage eiroi ot the speetiogiaphic deteiinmations The 
ell 01 IS usually witlun the lange ot plus oi minus 5 pel cent and almost always 
ivithin plus 01 minus 10 pei cent, legaidless of the amount piesent in the 
samples Deteiminations of Na, K, Ca, Mg, and Pe in the plasma of one hundred 
noimal subjects aie in piogiess and will be lepoited in a sepaiate communication 


SUMMARY 

A lapid and accuiate method employing the emission spectiogiaph and 
featuiing a lotating disk electiode has been desciibed ioi the cpiantitative 
analysis of Na, K, Ca, Mg, and non in plasma and mine 
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ANTITHROMBIN \ND HEPARIN IN HUMAN BLOOD 
T A Loomis, MD PhD 
Se vttlf W v&h 

H owell,' ^ ongmaUj postulated the piebeiice of a fiLtoi or its precursor in 
plasma which influences the anticlottiiig effect ot lieparin The precui'soi 
he referred to as pioantifhioiiihiii and the actintcd factoi as antithronihiii 
It w as believed that one of the functions ot heparin is to promote the production 
of antithrombin fioin jiioantithromhin 

Hepaiin iloiie has little it aiij antithromlnu ictiiitj when tested with pun 
fled flhiinogen and thiombin solutions Howcier it is unifoimlj recognized that 
heparin appeal's to leict with a substance picsent in nornial pi isma, leading 
to the formation of a substance which is capable of inactiiating thrombin E\ 
eellent reviews of the liteiature on hepaiin bv Mason’ and Eagle' discuss these 
factors Quick leported that a noi-mal antithrombic substance exists in the 
albumin fiaetion of plasma He stated tint hepaiin mcielv intensifies the 
existing antithionibic propeitv of the albumin fraction Asti up and Darling® ' 
have shown that slight amounts of an antithiombic substance exist normallv in 
ox plasma and that this substance is not ideiitml with the factoi which is ae 
tivated by heparin 

This lopoit IS conceuied with the fuithei identification of the factor in 
human plasma which in tlie pieseiice of hepaiin lesults in the formation of 
an active antithrombic substance 

expeiusientvl pROCEuintt vxo results 

t 

All earlj experiments ^^ere conducted on reconstituted dried normal human, plasma 
(obtained from %olunteers b) the American Red Cros ) or fractions obtained from this plasma 
by ammonium sulfate fractionation Later experiments uere conducted using human blood 
fractions obtained b) the low salt low temperature alcohol fractionation methods The 
experiments were conducted b> mixing the various substances in serologic glass tubes which 
were supported in a constant temperature water bath maintained at a temperature of 38 C 
In all experiments the various agents were added to the lubes in the bath in as rapid sue 
cession as possible from automatic pipettes always a<lding the tliroinbm last ^\hcn the 
tiirorabin had been added the contents of the tubes were thoroughly mixed by \igorou8lj 
Swirling the tube in the air immedmlcly abo\e the bath Clotting times weie noted by an 
interval timer The tubes were tippcl everj ten econds or ofteu as nece sary to determine 
the earliest formation of a definite gelatinous clot which could be obserced grossly when the 
tube Was tipped Clotting times tlius repre ent the time inten il lapsing between the addi 
tion of thrombin and the formation of the clot 

An optimal concentr ition of heparin for use m the uh equent experiments was deter 
mined which would increa e lightly the clotting tune of pi isina when added to a mixture 
of thrombin and plasma The effect of anramg the nnmunt of thrombin was then deter 
mined The results are shown in Fig 1 The figure dcmonstrites that tlie ability of heparin 

From the Department of Pharmacologj School of Medicine University of Washington 
Tills research was supported in part bj a grant from the \bbott Laboratories "N’orth 
Chicago 111 
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to prevent the clot formation is inversely related to the concentration of thrombin. The 
antithrombm activity resultmg following the addition of heparin to plasma becomes markedly 
more evident as the thrombin concentration is dimimshed 



PLASMA 22 22 

THROMBIN 4 4 6 6 

HEPARIN 001 001 


2 2 2 2 
88 10 10 
001 001 


Fig 1 — The effect of heparin on the clotting time of reconstituted human plasma as 
produced by the addition of varying amounts of thrombin Quantities of plasma as indicated 
are in milliliters thrombin (Thrombin Topical Parke-Davis) is in units and heparin (Lilly) is 
in milligrams All volumes were made constant (1 0 ml ) by the addition of citrate-phosphate 
buffer (Macllvanes standard buffer solutions) of pH 7 3 
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Pig 2 — The effect of heparin on the clottmg time of partially purified human fibrinogen 
as produced by the addition of varying amounts of thrombin Quantities of fibrinogen solution 
as indicated are in milliliters of 0 4 per cent solution of fibrinogen thrombin (Thrombin 
Topical Parke-Davis) is In units and heparin (Lilly) is in milligrams All volumes were made 
constant (1 0 ml ) by the addition of citrate-phosphate buffer of pH 7 3 


The foregoing senes of expenments was then repeated except that paitially 
purified fibrinogen was substituted for the plasma The fibrinogen was made 
in this laboratory by ammonium sulfate fractionation * The results are shown 


*This fibrinogen preparation was made by precipitation from reconstituted normal hum^ 
plasma using 20 per cent saturation with ammonium sulfate removal of the precipitate oy 
centrifugation and redissolving it in water and reprecipitating it two times with 20 per cent 
saturation of ammonium sulfate The final precipitate was dialjzed using heavy-weigm vege- 
table parchment casings in cold running tap water until the dialysate was free of sulfate 

The dialj zed preparation was centrifuged and the precipitate was removed and dried in 
n desiccator divided into portions and stored at 0° C until used When the 
was used it was dissolved in 0 IN citrate phosphate buffer (Macllvanes standard buffer solu- 
tions) of pH 7 3 
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in Fig 2 This figure sho^^s that the rapidit} of the conversion of the partiallv 
purified fihiinOoCii to fibrin in the presence of heparin and thioinbin was in 
verselj related to the amount of thiombiii added Fuitheimore the clotting 
time of fibrmogcn with thrombin in the absence of heparin was not influenced 
bv the amount of added thiombin ovei the langc studied The nntitlirombin 
activitv which resulted following the addition of hepaiin m the piescnce of 
partiallj purified fibiinogen becomes nioic evident as the conccntrntion of thiom 
bin IS dimimshed 



Fiff 3 — The effect of heparin In the presence of plasmin (20 9% fraction) on the clot 
Ung time of partially purified human fibrinogen as produced by the addition of varying amounts 
of thrombim Quantities of fibrinogen us indicated are in milliliters of 0 4 per cent solution 
of fibrinogen thrombin (Thrombin Topical Parke-Davis) Is in units heparin Is in milligrams 
^d the 20 29 ^ ammonium sulfate fraction Is in miUiUters of 1 0 per cent solution of the frac 
tlon. Time is In minutes Vll \olume3 nere made constant (1 0 mL) by the addlUon of citrate* 
phosphate buffer of pH 7 3 


The next senes of experiments invohed the deteimmation of the presence 
of a precursor of an antithrombiu substance in the euglobuhn fraction of normal 
human plasma The euglohulm fraction (fraction obtained in the 20 to 29 
per cent saturation range iMth ammonium sulfate) used in the expenments uas 
made bj the procedure outlined by Loomis Charles, and Eider” uhich thej 
used for the purification of fibrmolysin (plasma) This fraction mil be re 
ferred to m this papei as the plasmm fraction obtained by ammonium sulfate 
fracbonation Pig 3 illustrates the results when this fraction is added to the 
fibrinogen thrombin heparin mixtures The figure illustrates that although the 
plasmin fraction has very little antithrombiu property in itself the clotting 
time IS greatly prolonged in the presence of plasmin and heparm In a similar 
type of experiment it was found that neither the 29 to 50 per cent noi the 50 
to 15 per cent (albumin) fractions contained an antithrombm substance and 
they Mere not capable of being actuated bj heparin 

The next series of expeiiments involved the use of plasma fractions which 
were obtained by the low salt, low temperature alcohol fractionation technique 
Fraction I -nas used as the source of fibrinogen Fraction III 2 was used as 
the source of thrombin Fraction III 3 (plasmin fraction) nas tested for anti 
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tluombin activity No antitliiombin activity was found in tins traction Fiac 
tion III-3 nas found to contain some tiaees of tliiombin as evidenced bj'^ its abil 
ity, in high concentiations, to cause the clotting of fibiinogen 

Fig 4 shows the lesults obtained using alcohol fi actions The amounts of 
Fraction III-3 used in the evpeiiments shoun in Fig 4 did not contain a suf 
ficient amount of tluombin to eonveit fibiinogen to fibiin The figure shows 



<■ " asas^ses s s s e i i i i 

“ 11-3 " 4 4 4 4 4 4 

HEPARIN (MQM) 001 001 001 001 001 001 

Fib I — The effect of heparin in the piesence of Fraction III-3 (plasmin) on the clot 
ting time of Fraction I (fibrinogen) as produced b> the addition of \ai’jing amounts of Frac 
tion III-2 (thrombin) Time is in minutes UI quantities are in milligrams and all volumes 
IV ere made constant (10 nil ) b> the addition of citrate-phosphate buffer of pH 7 3 

that although neithei hepaiin noi Fraction III-3 had a definite maiked aiiti- 
thiombiii action in themselves, when the two were added to a fibiinogen-thionibiii 
mixtuie a definite marked me lease in the clotting time resulted As the conceii 
tiation of tluombin was deci eased, the antithiombm action of the mii-tiiie of 
Fi action III-3 and hepaiin became moie apparent 

Fiuthei experiments demonstidted clearly that the piecuisoi of the aiiti- 
thiombiir r\as in Fiactioii III-3 and uas inactivated aftei exposiue to 70° for 
as short a time as one minute At 60° C the destruction of the antitluombm 
piecui’sor r\as less rapid but oeemred after fi\e minutes of exposiue It is 
stable at 40° foi four Iroius In contiast to this, the exposure of hepaiin to 
temperatuies as high as 90° C for fire minutes did not influence its ability to 
activate the precuisoi of antitluombm m Fi action III-3 

DISCUSSIOK 

HouelP ' belieied that hepaiin prevented the clottmg of blood bv a dual 
action These actions aie (1) stabilizing piothiombni through combination vith 
it and (2) piomoting the production of antitluombm from its pieeuisoi, pio- 
antithiombin ilellanbr^^ beliereci that hepaiin does not act as an antipro 
tluombin but that its exclusive action is that of being capable of pioducnig an 
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mtitliionibio substance m blood Quick beheied that heparin acts by actuation 
of an antithionibiii piccui’soi itbicb he stated uas m the albumin fi action The 
foicgoiiig espeiiments did not sboii etideiice of a normal antitlirombin aetivitj 
of the albumin fiactioii of iteonstituted human blood Piiitlieimore, there Mas 
no eiidtiice of significant amounts of iiititliiorabin action of the plasmin fiaetioii 
Mliethei the fiaction Mas made bi ammonium sulfate oi ilcoliol precipitation 
tcehiiiqueb The fiaction of luimaii blood designated as the plasmin fraction 
(bj aminonium sulfate fiactionatioii) and Fiaction III 3 obtained bj the alco 
hoi fiactionatioii method should muled niitithiombin actuiti oiilj in the 
pieseiice of liepaiin 

In the eNpuiments rcpoitid heic uhen hepaim is added to reconstituted 
iioinial human plasma oi to paitialU piiiified fibiinOoen in the piesenee ot 
thiombiii the clotting time was found to be mieiseh related to the coiieentration 
of thrombin In such i test heparin aiipeain to ba\e a definite aiititliiombin 
actuitj When heparin is added to Fraction I (fibrinogen) in the presence of 
Fraction III 2 (tlixombin) obtained bi low salt low tempeiatiire alcohol frac 
tiointion the clotting time is onh sligbth piolongcd In such a test no definite 
pionounced antitlirombin actuit' foi hepaiiii could be deinoiistiated This con 
firms pretious work" * “ ” uhich stated that hepaini lias no antithrombic 
action ulieii tested on puiified fibiiiiogen and thioiiibiii 

The plasmin fnetion obt lined b\ ammonium sulfate fiactionatioii and the 
plasmin fraction (I raetion III 3) obtained bi alcohol fractionation were found 
to be practically flee of inherent antitlirombin actuity When hepaim uas 
added to eitliei of tliese fractions in the piesenee of fibiinogeii and tbiombiii 
the clotting time uas gieath leiigtliciicd The clotting time in siieb a test as 
that described is uiveiseh related to the amount of added tliiombiii, lierefoie 
a tiuc antithiombie substiiiie is foimcd In the piesenee of heparin the tiue 
antitlirombin is formed fiom a piccursoi uhicli is present m tlio plasmin fraction 
01 Fraction III 3 and ubicii lias tlie cliaracteiisfics of Howell s proaiititbrombiii 
It 13 inaetuated lapidh In exposiiie to a tempentuie of 70° C 

bUMM IBY 

The effect of liepaiiii on the fibiiiiogen tin ombm reaction in human blood 
IS that of piomotiiig the libei ilion of aiitithrombm fiom its precursor pio 
antithrombm Pioaiititbrombin is pieseut m the plasmin fiaction obtained bj 
ammonium sulfate fractionation and in the plasmin fraction (Fraction III 3) 
obtained bj alcohol fractionation 

The nutlior iM»he 3 to express hi** nppreemtion to Dr F F Jolinson of the Cutter Labora 
tones Berkelt\, Calif for generoush supplying the plasma samples obtained by alcohol 
fractionation methods Tlie technical assistance ot Mi«id E^el>u Adams is gratefully appre 
ciated 
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BONE MARROW STUDIEb IN TUE POLYCYTHEjnA OF 
HIGH ALTITUDES 


Cf&uiF Merino MD v d Cesir Rennai vrje, M D 
Lima, Peru 

I T IS genei ally accepted that the polj cj thcnua found m men lii mg at high 
altitudes lesults fioni the auoNia hi ought about by the low 0 }.ygen tension 
in inspiied an, acting on the ciythiopoietic oigans which become hyperactive 
under such stimulation Most im estigatois have obsei ved in this polycythemia 
an inci eased peieentage of letieulated icd blood cells in thepeiipheial cucula 
tion, a finding winch has been interpietcd as evidence of hjpeiactintj m the 
foiination of the eiytlnocjtis Howevei, so fai as can be deteimmed no 
direct e\ainmation of the bone inaiiow tissues has been made in these peima 
nent lesideiits at high altitudes who have a letienlocytosis ’ “ “ Thus, there is 
no dueot evidence that i eticuloeytosis is paialleled by a coiiespondmg hyper 
activity in the blood foiming organs Such a stiidj is piesented m this papei 
The results also coiitiibute to an undeistandmg of the etiologio mechanisms 
luideilyiiig polycythemias classified as sccoiidaiy and as poljcythemia veia 
Bone mairow studies in the foimci gioup ha\e been made occasionally* ' but 
the findings aie not definitne The following tno faotoi’s emphasize the ini 
poitance of investigating this pioblcm (1) the inciease in cnculatmg total 
blood lolume an alteiation which commonly has been consideied as chaiaotei 
istic of polycythemia leia * also maj be present to a high degiee in secondary 
polycythemias,* “ and (2) an mcieasc in leucocytes and platelets m the 
peripheial blood as well as splenomegalj maj be absent in some oases of 
polycythemia \eia These considciations uidicate the desiiability of invest! 
gating the possible value of the bone mariow c\auunation as an additional 
diagnostic ci itei ion ui the stiid> of the polycythemic conditions 

IIIIERIVL. IND METHODS 

Sixteen men of Indian race, permanent residents in Cerro de Pasco, a mmmg center 
located m the Peruvian Andes region at an altitude of 4,390 meters (14 400 feet), Mere 
studied Accordmg to previous investigations corned out in Peru,i n the arterial oxygen 
saturation of men living at this altitude averages about 83 0 per cent All the men had 
been born in this area or in nearby localities also situated at high altitudes Their age 
varied betueen 15 and bj jears Six of tJie meu had worked in the mines for some time All 
of them were apparentlj m good health but no radiologic cxammation was carried out to 
eliminate the possibility of an existing pneumoconiosis m the group of miners One native 
vnthm this group presented an abnormal degree of cyanosis 

In each case a sample of venous blood was taken and bone marrow tissue ■was aspirated 
after a sternal puncture The venous blood sample was used in the following determinations 
the number of red blood cells white blood cells and platelets per cubic millimeter, the hemo 
globin in grams per 100 cc , and finallj, the differential count of leucocytes Por this last 

_ Prom the Department of Pathological Plijsloloej and the Institute of Andean Biology 
Faculty of Medicine 
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maljsis films, Wright staintd, \\ere used For the hemoglobin determination a Sahli hemo 
giobmometer, previouslj ealibrited bj means of comparative detormm itions made witli this 
instrument ind the Van Sljke niinonietric apparatus, uas emplojed Platelets Mere counted 
folloMing the technique de'^tribcd Dimesheki- 

The sternal puncture u is performed at the level of the third intercostal space using a 
simple 16 gauge needle About 05 ci of marrow material was aspirated,* and fixed cover 
slip preparations were mide piomptlj The ditfereutial count of the bone marrow cells was 
made on the supravital preparations following the ciiteria established bj Sabin and Milleris 
for cell identification A total of 100 to 500 cellular elements w is counted in each ease 


RESULTS OBTAINED 

A PenpJieial Blood — Data obtained fiom the peiipheial blood aie sum 
maiized in Table I The numbei of led blood cells vaiied between 5 41 and 
7 67 millions pei cubic inillimetei , with a mean value of 6 45 ± 0 29 millions, the 
hemoglobin had a mean value of 19 4 ± 0 69 Gm pei 100 cc, with extieme 
vaiiations of 16 5 to 25 6 giams These findings aie in agieeinent with those 
obtained by Hnitado, ileimo, and Delgado^ in the study of native lesidents 
at Moioeocha, at an altitude shghtly moie elevated than Ceiio 


T VBI E I ,HEitATOLOGIC StI WES ON THE PepIPUEPAL Bi OOD OF 16 NATIVE RESIDENTS AT AN 

Altiti de op 4,390 (14,400 Ft ) 
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•Neutral red and Janus green stains were used in the preparation of the supraviM dl 
following the techniques In use at Dr Chailes A Doans laboratorv (Ohio State Lniveire j 
roluinbus Ohio) We feel that the suprivital preparations afford a greater advantage than t 
fixed Wright st lined fllms in the diltcrential cellular stud> because the characteristics of 
cells are better preserved For a ciitical stud> of this problem see cca Pells 

T'omoklns E H Comparison of Techniques for Differential Counting of Bone iliirow 
(Sea Pig) Am J M Sc JOG 240 1043 
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The numbei of leiicocjUs and phtelcts weie ^\lthlu the iioimil liiints 
of vdiiatioii Mean \alues obsol^ed "weie 6 86 ± 0 47 and 335 2 ± 36 8 thousands 
pel cubic millimetei, iespeeti\el} The diffciential leucocytic count also ^\as 
found to ngiee ^\lth nouinl established \alues 



Fig 1 — Photomicrograpli of bone m»rrow tis ue obtained b> stomal puncture shouing an In 
crease I cellulurit\ (Case ) 



tig — 1 liolomicrograpl of bone marrow (Case ) 'Nott. predominance of crjtliroid cells. 
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B Bone Mat ? ow — 

I Macioscopic Examination A eiude attemj)t to evaluate the degiee of 
hj'perplasia was made by examining maeioscopically the number and size of 
mairow pai tides m the aspiiated material It is lealized that such an es 
timation lacks pieeision, but a lough compaiison could be made with maiiow 
samples similarly collected from many noinial persons and patients with vai 
lous types of blood dyseiasias at sea level The degiee of estimated hypei- 
plasia was graded fiom 1 to 3 plus Fiom this estimation, it was felt that 
the mairow was hypei plastic in ten men (62 5 pei cent) and noimal m six 
(37 5 pel cent) 

II Microscopic Examination A similai attempt was made to estimate 
the lelative eellulaiity of specimens by seannuig the fleclis of maiiow on foui 
diffeient supravital piepaiations with magnifications of 100 and 450 The 
same observer examined all piepaiations The basis foi compaiison was 
again the expeiienee gained from similai examinations at sea le\el Es- 
timated hypei plasia was aibitiaiily graded as fiom 1 to 3 plus The marrow 
was thought to be hypercellulai in thnteen of the subjects (81 2 pei cent) and 
noimally cellulai m thiee In all the supiavital piepaiations, amoiphous 
and fatty mateiial could be identified ivithin the nests of hematopoietic tissue, 
but in only one instance (Case 10) was the mciease in these substances stiik- 
ing The degiees of hyjierplasia as estimated by these two methods weie not 
alwajs in agi cement Samples which weie legaided as noimal macioscop- 
ically weie often considered hypei cellulai when obseived micioscopically 
No exact eon elation, fuitheimoie, could be established between the degree 
of polycjdheniia in the peiipheial blood and the estimated hypeiplasia of the 
maiiow Figs 1 and 2 aie photomici ogi aphs Avhich illustiate the inci eased 
eellulaiity of the maiioiv specimens 

A moie detailed study of the cellulai composition showed that theie iias 
legulaily an eiythioid hypeiplasia of siifdcient degiee to make the nucleated 
led blood cells moie niimeioiis than gianiilocytes This change coupled vath 
the fact that the gieat uiajoiity of nucleated led cells weie at the noimo 
blastic matin ation level** caused the mairows to lesemble those seen in the 
hemoljdic anemias'’ (Fig 3) In seven subjects (43 7 pei cent) theie was a 
moderate shift to youngei cells of the eiythroid senes, early eiy tin oblasts and 
niegaloblasts weie present in small numbeis (Pig 4) Mitosis was fiequently ob- 
served in the eiythi oid cells, but then niinibei ivas not lai ge 

The gianiiloetyic elements weie nioiphologically noimal in all patients 
and shoAved no mciease in youngei fonus of myelocytes Polyniorphonucleai 
leucocytes, metamyelocj’tes, and myelocytes “C” Aveie the piedominant ele- 
ments in this series 

Megakaij ocj tes A\eie seen in the thickei aieas of the piepaiations Most 
Aveie matin e in appeal ance, Avithout quahtative changes and Avith multilobu- 
lated nuclei and a gianulai cytoplasm (Pigs 1 and 2) None of the subjects 
shoAAcd the mciease m megakaij oeytes Avhich so often is obseiwed in poly- 
cythemia veia *• 

♦The tcrminologj of Sabin and Doan has been used throughout this paper for classifying 
the cells of both the erythroid and mjeloid series 
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Fig 3 — Bone marrow tissue (Case 13) Shows numerous nucleated red blood cells In greater 
proportion to other cellular elements. 




f 


FIs <— Bone marro\\ tissue (Cose 1 ) Illustrates relative increase of young erythroblasts 
(marked with arrows) 

Small lymphocytes were found in small numbcis (0 6 ± 0 14 per cent) in 
nearly all of the samples examined but tteie less fiequent than is usually 
accepted as noimaP Clasmatoeytes uith oi without signs of phago 

cytosis, weie observed in all cases but m only two instances (Cases 8 and 10), 
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Tvbll II Differe'jti\i, Celt Couj^t in Bo'je Marrow Samples Obtained 


CASE 

MACROSCOPIC 

n\ PERI I ASIA 

MICROSCOPIC 

U\ PEKPIASU 

\EUTROPHIEES 

9 

0H 

o 

w 

LOSISOPHILES 

SEGMENTED 

o 

Ph 

a 

55 

< 

n 

CQ 

O 

o 

1-3 

Ir-t 

< 

W 

a 

o 

xn 

a 

o 

j 

a 

a 

W 

a 

o 

o 

J 

A 

5^ 

CQ 

g 

O 

o 

A 

W 

SEGMENTED 

w 

a 

a 

rH 

o 

o 

A 

a 

a 

1 

+++ 

N 

10 5 

41 

92 

119 


02 

09 

10 

13 

2 

N 

+ + + 

69 

23 

64 

13 3 



1 4 

15 

35 

3 

N 

+ + + 

48 

25 

10 6 

15 8 

12 

0 1 

04 

10 

15 

4 

N 

+ + + 

57 

1 7 


15 9 

0 6 


00 

40 

2S 

5 

+ + + 

+ + + 

10 2 

33 


18 6 

1 0 

08 

1 5 

10 

OS 

0 

+ + + 

+ + + 

7 1 

2 1 

98 

14 6 

2 1 

0 7 

04 

1 6 

lb 

7 

+ + + 

+ + + 


15 

93 

14 0 

2 0 

02 

1 2 

1 1 

09 

8 

N 

N 


28 

79 

14 4 

09 

05 

0 5 

23 

32 

9 

+ + 

+ + + 

13 2 

40 

12 7 

16 2 

1 9 

1 4 

03 

00 

12 

■SB 

+ + 

N 

5 3 

15 


11 5 

1 1 

1 1 

0 0 

38 

11 


+ + 


9 3 

32 


16 8 

0 9 


02 

14 

14 

■9 

+ + + 

+ + + 



94 

116 

1 0 


00 

1 9 

OS 

13 

+ + + 




74 

12 1 

1 0 

02 


1 6 

20 

14 

N 


14 3 

25 

119 

12 2 

OS 



31 

10 

15 



112 

42 

SO 


1 3 


00 

15 

04 

16 

+ + 

+ + +■ 

10 0 

41 

91 

10 8 

09 


00 

20 

17 


Mean 
+ PE 

9 1 
±0 94 

30 
±0 23 



1 3 
±0 06 

04 
±0 11 

05 

±012 

18 
±0 26 


SD 
± PE 

3 64 
±0 66 

mm 

181 
±0 33 

22 
±0 40 

■REM 



102 

±018 

mm 

Coef of var (%) 

40 

1 30 

19 

16 

17 

115 

j 94 

56 

\ 

Extreme variations 

m 

m 

60 

12 7 

10 8 
10 8 

06 

! 21 

0 0 
14 

00 

15 

00 

40 



N Normal (as it Is found in healthj people at sea level) 


m which these cells avei aged 5 1 and 4 2 pei cent, was then numbei sufficientlj’’ 
laige to be significant Matuie plasma cells, monocytes, and leticnlai cells 
weie seen occasionally 

III Diffei ential Count of the Bone Manow Cells In all instances, the pei- 
centage ot each type of cell (myelogiam) was deteimnied in the supiavital 
piepaiations Fiom 400 to 500 cells weie identified in each count Table II 
gives the lesults obtained in this study It is leabzed that the significance of 
a quantitative study of bone uiaiiow cells in samples obtained fiom a single 
sternal aspiiation is limited Howevei, if the inteipretation is lelated 

to the geneial impiessioii deiived fiom a caieful study of seveial piepaia- 
tions, such quantitative evaluation aequiies a gieatei value The piedom- 
inant cells in the myeloid senes weie found to be myelocytes “C” (13 8 + 
0 56 pel cent), metamyelocytes (9 3 + 046 pei cent), and segmented iieutio 
philes (91 ± 094 pei cent) (Table IT) Companson of these figuies with 
those gn en foi healthy men living at sea level indicates that the mean pei 
ceiitage of myelocytes found in oui subjects agiees veiy closely with those 
given by Scott= and by Wuitiobe*" 13 1 and 12 0 pei cent, lespectively On 
the othei hand, oiii mean peieentage c allies foi metamyelocytes and segmented 
neuti ophiles, 9 3 and 91 pei cent, lespectnelj, weie lowei than those found 
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by the same im esti^atoi& at sea level 15 7 ami 14 8 pei cent (Scott) and 20 0 
and 22 0 pei cent (^ 1111101 ) 0 ) This lelativc dcciease in the peicentage of 
matuie cells of the nneloid senes <annot bo inteipieted as an indication of a 
shift to >oungei foinis liecaiise the aoungei ekmeiits of this seiies m\elo 
cytes “A” and ‘ B” and myeloblasts did not show a coiicsponding iiiciease 
The most common cell in the eiythiocvtie seiies was the normoblast 41 9 
±105 pei cent with aaiiations between 35 4 and 49 7 per tent This means 
percentage \alue found in the high altitude residents is dehniteh higher than 
that obtained by Scott and by A\intiobe** in the bone marrow of healthy 
adult subjects living at sea lea el 17 8 and 18 0 pei cent 1 espectia ely 

The level of polycytlienu i observed in the peiipheral blood did not show 
a constant relationship to the degree of eiytiuopoietic hyperplasia in the bone 
nianow oi to the changes found in the piopoition of the different eiythio 
cytic cells in this oigan Taleulation of the quantitative lelationship between 
the eiy till Old and myeloid eelhiJai elements (M/E 1 itio) gave the following 
mean percentage v allies 

Giamilocytic senes (myeloid) 40 9 pei cent 

Eiythiocytic senes 55 6 per cent 

Othei cellulai elements 3 5 pel cent 

M/E ratio 1 to 1 4 
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SEA 

LEVEL 

HIGH 

ALTITUDE 

MYELOID CELLS 

75 0 % 

40 9 % 

ERYTHROlO CELLS 

ZO 0 " 

55 6 » 

OTHER CELLS 

5 0* 

3 5- 



Flff 5 — Graphic representation of the M/B ratio in hone marrow differential count made in 
residents at sea level and at high altitudes 

These figuies demonstrate that there is a veiy definite lelative inciease 
at high altitudes in the eiytluoeytic cells in the bone mairow, as compaied 
with sea level (Figs 2 and 3) Our M/E ratio of 1 to 14 differs considerably 
fiom those of 3 to 1 oi 4 to 1 consideied as noiuial at sea level A giaphic 
lepiesentation of this observed latio is given in Pig 5 


DISCUSSION 

The obseivations just desciibed indicate that theie is an eiythioid hypei- 
plasia of the bone maiiow in healthy people living permanently at high alti 
tildes The consistency of the lesults makes them seem valid even though 
the hazaids of estimating hypeiplasia fiom a single aspiiated sample of mai- 
iow aie recognized and admitted The mean peicentage value of 55 6 ob 
tamed for the eiythioeytic elements, as compaied with 40 9 pei cent foi the 
myeloid cells, in oiii subjects, is definitely higher than the coiiesponding values 
found at sea level by a niimbei of diffeient investigatois Doan," 4 to 13 pei 
cent, Mailing,-^ 16 7 pei cent, Mendell and otheis,=" 15 4 pei cent, Osgood 
and Seaman,=^ 17 2 pei cent, Wintiobe,'® 22 0 pei cent, Piney and Hamilton, 
IS to 25 pei cent. Young and Osgood,-^ 141 pei cent, and Scott,“ 17 8 pei 
cent Fill thei moi e, as alieady has been indicated, oui mean value of 1 0 to 
14 foi the M/E latio in the high altitude subjects diffeis gieatly fiom the 
ratios of 3 to 1 and 4 to 1 accepted as noimal in healthy adults living at sea 

level 
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Qunntitatue study of the eiythrocjUc celts lu the hone niaiiow showed 
a noiiual matuiatioii piocess, with the noiiiioblast being the piedomiuant 
cell, iihile the more piinutive ones, the eiythioblasts and the megaloblasts, 
weie found to be noimal oi only slightlj ineieased In consequence, the 
hyperplasia of the bone nnrrou in the lugh altitude subjects can be classifled 
as normoblastic ui natui e oi oeeabionallj as noi mo ei y tin oblastio 

It IS niteiesting to eouipaie oiii findmgs lutli those desciibed in the 
studies made of the bone nniiow in othci cases of polycjthenna, especiallj 
polycythemia leia The bone niaiiow ni this Kttei disease has been de 
sciibed as hyperplastic bj some imcsti^atois ' while otheis such as 

Markoft, Noidensoii, Rohi Mallaime and Ivlnni (quoted by Scott^) and 
Mannig““ concluded that ni incieased celliilaiitv is not a chaiacteristic find 
mg In some of the cases of polycythemia \ei i which showed hypeiplasia 
the process affected all cell elements of the bone mairow (panhypei 
plasia)^ the M/E ratio, thcicfoie was found to be noimal or \eiy little 

changed In these instances the gcneialized hypeiplasia appeals different 
from the partial hjpciplasia oiilj eijthioevtic in natuie found in om eases 
of the polycythemia of high altitudes 

Other patients with polj cj tliemia aeia have been desciibed as showing a 
defimte hyperplasia of the oiythiocjtic cells of the bone marrow" * *, in 
these instances the piopoitioii of nucleated led cells railed between 30 and 
45 per cent of the numbei of cells counted and theie was no endenoe of a 
maturation aiiest These changes although similai in some respects to those 
ohsened by us in the polycjthemia of high altitudes diffei in othoi funda 
mental aspects Most iii\ estigatois agiee that the hone niaiiow myeloid cells 
111 eases of polycythemia vera show not only an inciease in numbei but also 
an increase in youngei foims such as j oung mj elocytes and myeloblasts ' "" ” 
ruitherniore a remarkable ineiease in the numbei of megakaivoeates in the 
bone mariow of patients with poIjc>themin reia has been desciibed as a fie 
queiit findmg" " ' i" Those changes wtie absent in the subjects studied hr 
us at high altitudes 

The results obtained in the piesent im cstigation agiee closely with the 
ohserrations made by Hurtado Meiino and Delgado" on the peiipheial blood 
of a laige number of peimanent residents at high altitudes These rvoikeis 
found no evidence of hypeiaetirity in the pioduction of leucocytes They in 
dicated that anoxia appealed to be a specific stimulant foi eiytlnopoietic 
actiMty leaving unaffected the formation of white blood cells Our studies 
of the bone maiiorv cytology at high altitudes confirm that opinion and in 
addition emphasize the difficulties in accepting that concept that anoxia plays 
a fundamental etiologic role in the derelopment of polycythemia veia"" 

Schleiehei"'’ and Sundberg” have described rolumetiic rariations in the 
different layer's of the hone mairorv and the latter imestigator is of the 
opinion that the fat layei is iieaily always absent in cases of poljcrthemia 
\era"i The supiarital picparations in oui eases alwavs shorved fat globules 
hut this obseiratioii cannot be used foi coiiipaiison rvith the results in poly 
cjthemia vera 
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Unfoitunately, veiy few studies have been made on the cellulai chaiac 
teiistics of the bone maiiow m cases in which polycythemia has developed as 
d consequence of an anoxic condition bi ought about by lespiiatoiy oi encu 
latoiy alteiations Zuntz, Loeiviq Mullei, and Caspaiy" and Dameshek^ have 
lepoited cases of secondaiy polycythemia in which the bone maiiow changes 
have been similai to those obseived in polycythemia veia On the othei hand, 
Kienle® obtained lesults compaiable to ouis It is desiiable to have a gieatei 
numbei of obseivations in these cases in oidei to leach a bettei undeistaudmg 
of the value of steinal punetuie in the diffeiential diagnosis of the vaiious 
types of polycythemia Oui study seems to indicate that at least the poly- 
cythemia of high altitudes, which is of secondaiy type, developing as a lesult 
of a known anoxic stimulus, diffeis in the cytologic chaiacteiistics of the bone 
maiiow fioni most cases of polycythemia veia, a disease in which the etiologic 
mechanism is unknown 


SUJIMARV AND CONCLUSIONS 

The bone maiiow of sixteen, healthy, Indian natives of adult age, pei 
mauent lesidents in Ceiio de Pasco at an altitude of 4,390 meteis (14,400 
feet), was studied Samples weie obtained by means of steinal aspuation, 
and supiavital and Wiight stained piepaiations weie used foi the quali 
tative as well as qiiantitatne mieioseopie examinations All men showed a 
definite polyeytheinia in the peiipheial blood 

The lesults obtained weie compared with pievious obseivations made m 
healthy people living at sea level and in patients with polycythemia veia 

1 The bone maiiow of healthy, adult natives, living peimanently at an 
altitude of 4,390 meteis (14,400 feet), was inteipieted as showing hypeiplasia 
(hypei cellulai ity) in 81 2 pei cent of the subjects examined 

2 This hypeiplasia was chaiacteiized by a maiked inciease ot the cells 
of the eiythioid senes ovei the myeloid cells Noimoblasts weie the most pie 
dominant cellulai elements (noimoblastic hypeiplasia), and a leveised JI/B 
latio was a constant finding The degiee of hypeiplasia was not always pio 
poitional to the level of polycythemia found in the peiipheial blood 

3 Myeloid cells and megakaiyocytes weie not iiici eased and the matuia- 
tion pioeess was noimal in both the eiythioid and myeloid senes 

4 The foiegoing findings seem to confiim fuithei the opinion, pie 
Mously expiessed and denied fiom studies on jienpheial blood, that anoxia 
acts as a specific stimulus foi an iiici eased activity in the foiiiiation of the 
eiythioid cells leaving the mveloid cells unaftected 

5 A compaiative study of oui findings and those obtained in similai 
investigations made by seveial obseiveis in cases of polycythemia veia seems 
to indicate that in geneial, the bone manow cytolog-y and the degiee and 
kind ot hemopoietic hyiiei activity aie not similai in the polycythemia of lugh 
altitudes and in polycythemia leia This fact does not confoim with the 
theoiy that anoxia is the undei lying etiologic iactoi in the lattei disease 
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T he blood concent! ation of vitamins depends not only on exogenous factoi’s 
such as nutiition but also to a gieat degiee upon endogenous piocesses such 
as diseases Some evidence has been piesented that the plasma level of the 
tocopheiols lefleets the nutiitional status in that it is i educed in malnutiition* 
and spine- but not in fibiositis® The effect of disease upon the plasma toco- 
pheiol IS not established The influence of vaiioiis diseases and especially those 
of the livei upon the metabolism and plasma level of vitamin A has been the 
subject of intensive investigations ^ It has been shoivii that in the acute 
stage of hepatic disease the plasma vitamin A is loweied, less as the lesult of 
faulty intestinal absoiption than of deficient lelease of vitamin A fiom tlie 
livei This theoiy is based upon fliioiescence micioscopic findings which in 
hepatic damage levealed displacement of vitamin A from its oiigmal sites ivithm 
the livei cell to abnoimal locations® and upon chemical analyses Avhicli sug- 
gested a defect in hepatic vitamin A esteiase ' The plasma vitamin A level can 
thus, uiidei ceitain ciicunistances, become an index of hepatic function The 
question aiose as to ivhethei the metabolism of vitamin E as anothei fat soluble 
vitamin A is subject to similai influences by the liver This question is ot 
significance since vitamin E has a piotecting mfliience upon the hvei in eaibon 
tetiachloiide intoxication® and in expeimiental nutiitional injuiy® “ Moie 
ovei, the lecently claimed beneficial effect of vitamin E in vasculai diseases" 
makes such a study desiiable 

The plasma toeopheiol level in vaiious uoimal and abnoimal conditions, 
both befoie and aftei the intake of a test dose of toeopheiol, ivas detei mined 
It was compaied ivith the plasma vitamin A alcohol and estei In addition, 
the concenti ation of toeopheiol in human livei and bile undei noinial and 
pathologic conditions ivas deteiniined This study was facilitated by the leceiit 
development of methods foi the chemical detei niination of tocopheiols in oigans 
and plasma “ 

31 VTERLVL AND JIETHODS 


Tocopherol m &eruiu and bile «ns determined bj' the method of Quaifei-, and in the 
Iner by the methods of Hmesi-* mth Qmife’s modihcations for colorimetric assay Tht 
plasma iitimm A was determined bj the method of Kimblei^, the partition, according to 
the recentlj used modihcation of Gillam " lo Plasma tocopherol iias determined before 
breakfast on nmo normal subjects (tecliiiicians, interns, nurses) and seientj one patients 
suffering from v irious diseases In ten instances, the determination was repeated three, 
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SIX (or seven), and tavcntyfour hours after the intake of 1,500 mg’ of mixed tocopherol* 
The timo interval was chosen from experiences with the response of the plasma ntamm A 
level to the intake of large doses of the vitamin it Tho bile was obtained from patients in 
whom, during operation, biliary drainage was establi'^hed It was collected after biliary 
secretion appeared normal as to amount and appearance The liver specimens were ob 
tamed at autopsy 

RESULTS 

As Table I shons, the results in noraial subjects agieed well with the re 
poits in the literatme In miseellaneous diseases the range was significant!} 
widened In nephiitis the level as a rule was much liigliei than m noimals, 
in nephrosis, less so In heait diseases the level was consistently highet than m 
normals and the highest level found occuiied in this gioup In livei diseases 
without biliary obstruction as in infeetions hepatitis oi cmhosis without jaun 
dice, the level was slightly but not significant!} lowei than in the normals 
In obstiuetive jaundice, it was though not legulailj higher than in normals 
In one ease of vanthomatous bibar} cmhosis it was onl} slight!} elevated 
In patients with touc hepatitis and cnrliosis with jaundice it was slightly 
higher than m noinials but in some it was low In caiomoma other than that 
of the biliar} tiaet there was a tendency for tho level to he slightly higliei than 
normal One case of malnutrition showed noimal values 


Table L Tocopherol CoNCEuraATiON ih the Plasvia of Jsormal Subjects and of 
PATiEura SuFFERma Fbou Various Diseases 








Tocopherol M^s pen lOOcc Plasma 
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Nonmevls 0 

Cardiacs A 

Miscell A 

Nepbriiics • 

Liver dis acut'e-d- 
Cirrhosis □ 


Vitamin A Microprams PerlOOcc 

Fig- 1 — Plot of the plasma tocopherol le\el against the plasma level of total vitamin A 


Normals 

Renal Disease — o— o 

Obstr Jaundice 

Hepatic Disease 




12 3 4 5 6 7 24 

Time Interval in Hours After Intake of ISOOm^s Tocopherol 

Fig 2 — Response of the plasma tocopherol level to tlie intake of 1 500 mg miaed tocopherol 
in oil in normals and In patients suffering from various diseases 
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The bile obtained fioiu patients operatne bile fistulas revealed toco 
plieiol coucentritioiis of about the same range as the plasma (Table II) In 
the three instances in iihich both i\cie dcteimined at the same time on the same 
patient, theie i\as a modeiate parallelism 

Aftei intake of a laige test dose the plasm i tocopheiol lc\el rose signifi 
cantly and regulail> in normals, wheieas m patients i\ith acute hepatitis oi 
cirrhosis the use i\as, thoUoh not icgulaiH depressed or absent Li one case 
of obstructne jaundice the le\el lose significautlj fiom a high fasting le\el 
111 one patient Mith nephrosis, the use was insignificant (Fig 2) 

In two patients with li\ci diseases the tocopheiol conccntiation of the li\er 
was significantly lowei (Laennec s cirrhosis 0 441 mg pei 100 Gm obstructs e 
jaundice, 0 944 mg pei 100 Gm ) than in two others djang from diseases not 
iclated to the luei (carcinoma of colon 2 639 mg pei 100 Gm , cor pulmonale 
3 374 mg per 100 Gra ) 

DISCUSSION 

The vanations of the plasma tocopherol le\el in pathologic conditions re 
\eal no coiiclation with those of the plasma \itamm A level The significant 
and chaiacteustic deciease of the plasma vitamin A level m hvei diseases and 
other seveie conditions docs not hold tiue foi the tocopheiol level The latter 
reveals a slight tendency to be lowei m pine hcpatocellulai disease but a 
definite tendency to be highei m obstiuction of the bihaiy tiact This is also 
reflected in the elevated levels m ciirhosis with jaundice This behavior paral 
lels that of cholesteiol which is ilso elevated in some hepatobiliaiy diseases, 
supposedly because of impaired biliarv excretion Howevei, the conccntiation 
of tocopheiol ill the bile does not exceed its plasma concentiation m contrast 
to cholesteiol Othei factois therefore, have to be consideied foi the elevation 
of the plasma tocopheiol level in obstiuctive jaundice Its slight leduction in 
hcpatocellulai damage could be in kcepmg witli the significantly lowered toco 
pheixil concentiation in the livei, in nonhepatic diseases the range of the 
hepatic tocopherol concentiation agices with that leportcd in animals^ 
Whether pooi intestinal absoiptiou of tocopherol in oil— already pieviously 
demonstrated in ciiihosis* — is the only factoi explaining the low hepatic stores 
ill livei diseases lemams to be established 

The plasma tocopherol level is elevated in a variety of diseases eg earci 
noma, even if not involving the biliaiv tiact The elevation in nephritis in con 
trast to nepluosis paiallcls the behavior of vitamin A but not of cholesteiol ^ 
The lathei constant elevation in caidiac diseases does not speak for a vitamin 
E deficiency in such conditions The lattei his been assumed as latioiialc foi 
the treatment of heart diseases with high doses of vitamin E Tlic elevation 
of the plasma tocopheiol in pathologic conditions lequiies further studv which 
should bo associated with the claiification of the biochemical function of vitamin 
E as an antioxidant 

su:mm vtt\ 

1 The variations of the plasma level of tocopheiol in vaiious diseases do 
not paiallel those of vitamin A and thereloie the metabolism of vitamin E is 
influenced by endogenous factors m a different fasliion from that of vitamin A 
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2 Plasma tocoj^heiol is only slightly and not consistently i educed in 
liepatocellnlai damage It is incieased in obstiuctive jaundice, caicinoma, 
nepliiitis (but not nephiosis), and most consistently in caidiac diseases 

3 The toeopheiol concenti ation of the bile shows a model ate paiaUelism to 
that oi the plasma 

4 The noimal use of the plasma toeopheiol following the intake of laige 
doses ot toeopheiol in oil is often absent in livei diseases 

5 In the few instances studied, the hepatic toeopheiol concenti ation i\as 
lowei 111 patients uitli livei diseases than in those djang fiom other diseases 

6 The 1 eduction of the plasma toeopheiol in livei diseases may be i elated 
to the factois inentioned Its elevation in vaiious othei diseases is thus fai not 
explained 
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EVALUATION OF THE FLOCCULATION TEST WITH HAYEM’S 
SOLUTION 


EaianuelE iLvNDEL, M D ,• and Delmo a Paris, MDjt 
Chic\go, III 

With the Technic vl Assistance of Hivne T Harris, B S $ 

D iagnostic problems as they arise in the care of jauiuhcecl patients 
often call for more oi less elaborate examinations \\luch die not icadilj 
available to the average physician ‘ Hence, a simple seium reaction ^\ltll 
Hayem’s solution, repoited to be a useful aid in the management of hepatic 
disoiders^ * appeared to be worthy of stud3 With an appraisal of its prac 
tical value as the chief aim, the test was applied to a gencial hospital population 
and its results con elated ^vlth pertinent clinical and laboratory findings 

material and methods 

la initial experiments titration of fresh serum with Hayem s solution by daylight as 
prescribed m Gros* methodic ^as found to yield inconsistent results The two end points 
reversible’^ and ’’irreversible” flocculation, differed in tho same specimen with different 
observers, with varying intensities of illumination, and with changes in the rate of titration 
Because of these and other shortcomings, the method was modified and standardized, as fol 
lows Equal volumes of serum and the reagent (usually 1 ml of each) arc mixed, a pro 
ceduie first employed by Jacobson^’, development of a precipitate ( irreversible floccula 
tion”) withm one to twenty four hours is considered a positive reaction which may be graded 
as one two, and three plus according to the amount of precipitate An immediate predic 
tion of the eventual outcome of tho test can usually be made by first overlaying the serum 
mth 1 drop of Hayem’s solution while a famt transient clouding is seen with proper artificial 
light in any (normal) scrum a well discernible ’’reversible flocculation is an abnormal 
finding (’’Gros reaction ) Tho results of this combined Gros Jacobson or Hayem s (H) 
test, as designated hereafter are consistent and uninfluenced by accidental hemohsis or 
prolonged refrigeration of the serum but may be interfered with by heavy liperaia Tho 
Hayem s solution used in this study contains 1 0 per cent sodium chloride according to tho 
Swiss Pharmacopoeia and as described by Gros ® The solution generally employed in this 
country containing 0 5 per cent sodium chloride was found by us to produce precipitates in 
the sera of obviously healthy persons and consequently to be of no diagnostic value 
There is no difference however in the value of either reagent in tho performance of red 
blood cell counts 

The H test was performed on sera from 550 dime and hospital patients As a rule, 
either serum left over after the routine performance of the Kahn test or part of a fasting 
blood sample drawn for other diagnostic procedures was used. These included m 300 pa 
tients, one or more of tho tests listed in Table I The modification of tlie Takata Ara pro 
ceduTO employedso was chosen because it allows grading of the reaction more readily than 
tho original technique 2^^ Weak reactions (flocculation beyond the second test tube) were 
included among the positive results Gamma globulin ” as referred to in the tables and 
text, signifies the results of the precipitation method using ammonium sulfate 0 This method 
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T.vblf I Pathologic Levels Chosen in Blood Stomes Performed 


TEST 

1 PATHOLOGIC values 

Erjthrocytc scclimcntatioii rateis 

Above 20 mm per hr in men 

Above 25 mm per lir 111 i\ omen 

Ceplialin cholesterol flocculationio 

Above 2 plus (after 48 hr ) 

Thjouol turbiditj 21 23 f 

Above 4 9 units 

Zme sulfate turbiditj^*! 

Above 12 units 

Pormol gel25 

Gelation 

Takata Ara^o, 27 

Piecipitate m first 3 or more tubes 

Total serum globulin 2 'it 

Above 3 0% 

Albumin globulm latio^s}: 

Below 1 3 

“Gvmma globulin” 20 f 

Above 1 4% 


•Difco Laboratories Detroit Mich 

tPhotelometer No 000 Cenco Central Scientific Co Chicago 111 
JPhotocolorimeter No 313 D Leitz Inc New Yoik N Y 


jields an a\eragc of 85 per cent of the true gamma fraction The borderline betveon ab 
normal and normal results of all the comparative tests was drawn so as to include onlv 
definitely pathologic reactions in the first group, mostly in accordance ivith recommendations 
by other authors (Table I) 


RESULTS AND COMMENT 

The Significant clinical and laboiatoiy'^ findings in 300 patients aie listed 
m Table II Two hnndied fifty volnnteeis, employment examinees, and pa 
tients admitted foi oithopedic conditions oi foi elective singeiy seived as a 
contiol gioup in winch the H leaction was consistently found to be negative 

Hjiieiglobubneinia and high gamma globulin fi actions weie pievalent m 
the gioup of H-positiie seia (Table II, A) This fact and a similai paiallelism 
in lesults with the othei studies listed seem to illiistiate the mechanism of the 
H test The chemically i elated Takata pioeeduie showed the best agieement 
though lowei sensitivity — in accoi dance with obseivations made by othei aii- 
thois compaiing the Takata with the Gios test “ ® Poimatioii of 

a piecipitate in a mixtuie of seinm with a solution of meicuiy bi- 
chloiide evidently depends on the piesence of high-moleciilai piotein fiac 
tions •’ ® 

Gamma and total globulin levels, known to be niajoi factois in all the 
leactions studied and especially in the zinc sulfate tesV'^ 10.2120 3013 -^yeie 
found to be model ately laised in some H-negative seia (Table II, B) Ap 
paiently, the inciease must be coiisideiable in oidei to piodiiee an H floccula- 
tion, in contiast to the highly sensitive zme sulfate tuibidity Hence, a mild 
hepatitis 01 an eaily stage of the disease may not be expected to influence 
the H test A letuin to noimal of a foimeilj positive leaction 

may heiald lecoveiy This, indeed, was oiii expeiience in many instances of 
primaiv hepatic and othei disoidei-s, such as thviotoxicosis and acute and 
chionic mfectious piocesses 

Theie aie manv disoideis “not piimaiv hepatic’’^“ m which the plasma 
gamma globulm is commonlc found to be augmented Thev m 

elude all those in vhich a positive II test was encounteied, save toi thyiotoxieo 
gjg 32, 10, i-, =5 In dll of them the occuiience of positive sedimentation and floccu 
lation tests has been lepoited-^* ■*= and is again deni- 

onstiated m this study Used singly as a scieening method, any one of them. 
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including the II test, would esbentially be a potential nidicatoi of one thing 
onlj organic disease, one of the many causing physicochemical plasma alteia 
tioiis The lilies diami by the 'vaiious piocedures, and the size and chaiactei 
of the diagnostic gioiips eiieiicled by them, diffei aecoiding to the finer niecli 
anism of each test in avliieh qualitatiae chaiioes of the gamma fraction 
othei globulins ilteiatioiis in the albumin and lniid contents may plaj a 
lole * 

In our material, the Takata and Hangei tests would appear to be the least 
leactne ones, sepaiating only 121 and 13 5 pei cent lespectively, of 300 cases 
as “disease suspects'* next ni ielati\e sensitivity ivas the foimol gel test 
picking up IG 5 pel cent then the thymol tiiibidit> and Hajem tests (both 
about 26 pei cent) the sedimentation rate (51 5 pei cent), and, finall}, the zinc 
sulfate tuibidity test (C2 6 pci cent) There wis \aiiitiou not onij in num 
bei but also in type of cases among those “gioups of suspects,'' as exemplified 
by the mcidencc of piimaij hepatic disease in each Of the gioup defined by a 
positue Takata leaction, about 30 pci cent had eithci hepatitis oi ciiihosis 
of the gioup with a positue eephnlin cholesteiol flocculation, 48 pei cent, of 
the positive fouuol gel gioup, 21 pei cent, of the positue llajem’s, 22 pei 
cent, of the positue thjmol tuibidity 49 pei cent, of the elevated scdimenta 
tiou late, 10 pel cent and of the gioup with a positue zinc sulfate tuibidity 
18 poi cent Taking ill tlie eases of piimaiy hepatic disease encounteied, the 
peicentage of positue icactions uas 20 with the use of the foimol gel test, 35 
Mith the Takata Aia method 58 with the cephahn cholesteiol flocculation, 63 
with the H test 75 ^Mth the sedimentation late 78 %\ith the thjmol, and 89 
with the zinc sulfate tuibidity test Hence, in giading these pioceduies as 
to then lelative \alue m detecting hepatic disoi del's, the foimol gel and 
Takata tests would be on the bottom and the two tuibidity leactions on top 
of the scale Since all these tests except the ccphalm cholesteiol flocculation, 
yielded positue lesults in the latci stages of obstiuctue jaundice (Table II 
^1) they cannot be iclied upon, singlj foi diffcientiation bchveen “medical" 
and “surgical" jaundice ^ ^ While, in tius icgaid, the cephahn 

cholesteiol flocculation exhibited the gieatcst diagnostic selectivit-s , the H test 
appealed to possess piognostic \dluc since it pointed out the most se\crc foims 
of hepatitis and all cases of cirrliosis, as well as the more piolonged and com 
plicated instances of biliary obstiuctioii 

A positue H flocculation occuricd m all cases of actue iheumatoid 
aithiitis, in 10 pei cent of the caidiac gioup, in 51 pei cent of acute infectious 
diseases lu 47 pei cent of chionic lung disoideis and in 59 pei cent of malig 
nant neoplnsms It implied systemic illness usuallj denoting the moie seiious 
and/oi ad\aiiced case and w is moic ominous thui the abnoimal outcome of 
the loutine sedimentation test at times e\cn coinciding \\ith a normal late 
Thcie wcie no ‘ false positue leactions In some instances a positue H 
test IS the first abnoimal sign demoiLsti able followed soonei oi latci by the 
detection of a majoi illness such as ciiihosis sjphilis pjonephiosis pleiuitis 
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active tubeieulosis, metastatic neoplasm The test was helpful in such clif- 
feiential diagnostic questions as eaily obstiuctive oi hepatic jaundice, tumoi 
ot the light kidney oi hepatomegaly, epistaxis due to nasal lesion oi to chrome 
hepatic disease, choleci stopathj' oi neoplastic livei involvement, “iheumatism” 
01 iheumatoid aithiitis, congestive oi infectious pleuial effusion, nutiitioiial 
01 leucemic anemia A positive leactioii favoied, a negative one was against, 
the hepatic, infectious, oi neoplastic disordei undei consideiation While ni 
such pioblems the quantitative analysis of the blood pioteins would lepiesent 
a moie accuiate index,-’ ^ ** n, oo 53 quick oiientation affoided 

by the test pioved to be valuable and seldom misleading 

A coil elation of all positive H leactions with a sigmficaiit inciease 111 
gamma globulin could eithei be demonsti ated 01, clinically, postulated, ex- 
cept foi the two cases of hypeithyioidisiii The lesults found 111 this con- 
dition point to a use m seiuiii alpha globulin aiid/01 a fall in albumin^-’ 
as possible additional factois in the ineehanism of the II test A negative H 
leaction does not seem to iiile out any of the ailments summaiized, with the 
exception, peihaps, of ciiihosis of the livei and active iheumatoid aithiitis — 
if such conclusions aie peiinitted on the basis of the small niimbei of such 
cases studied 

It appeals leasonable to include the H test in the category of seiologic 
"livei function" tests While all these leactions leflect seium piotein changes 
which aie coiiiinon diagnostic featiiies of livei disease, they aie to be at- 
tiibiited laigelv to the geneial phenomenon of leticiiloendothelial iiiitation 
quite independent of In ei function^® Since the nioibid piocesses 

111 this gioup, including those enuniei ated, constitute a majoi pait of eveiy- 
da> piactiee, the cluef value of the H test seems to lie 111 its nonspecific 
scieeiiiiig capacity, calling attention to the piesence of 01 game disease, much 
like the sedimentation late but quite different in scope When used as a quick 
office piocediiie, it is apt to point out the moie seveie foims of those con- 
ditions, it may fuithei piovide leady supplemental y evidence and seive as a 
piognostic guide While in the diagnosis of livei disease it appeals quali- 
tatively infeiioi to some of the standaid tests in use, the cleai-ciit objective le- 
sults of the H leaction and the simplicity in technique, lequiiing no instill- 
ment, constitute piactical adiantages These facts, and the geneial avail- 
ability of the leagent should lavoi the adoption ol the test as a loiitine clin- 
ical piocediiie 

SUAI-U \RX 

Kcsults of a seium flocculation test with Hayem’s solution (11 test) weie 
compaied with those of standaid flocculation leactions, eiythiocyte sedi- 
mentation late, and seium piotein f 1 actionation 

Of o 50 pel sons scieened with the test, all of the 78 (14 pei cent) 'vho 
showed a positive flocculation had a sjsteniic illness of eithei metabolic, intec 
tiovis, 01 neoplastic natiiie Siiiulai diseases occiiiimg 111 some of the Il-nega- 
ti\e cases weie usuallj niildei 01 less advanced Seium globulm alteiations. 
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as reflected by the compaiatne proceduies, appealed to be the majoi factois 
producing a positne leaction 

lu the diagnosis of li\ei diseise, the II test was foiuid to be less specific 
than some of the othei flocculition tests but was super loi to most of them 
by consistently yielding a positne icsult iii all instances of hepatic ciiihosis 
A sinnlai obsei^ation ^^as made m active iheum itoid and infectious arthritis 
The test is lecommended as a simple office pioceduie which can pioMde 
diagnostic infoimation compaiable to that obtained Avitli more elaboiate floe 
culation leactions 
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THE COLLOIDAL RED TEST AS AN INDEX OP LIVER 

DYSFUNCTION 


Elliot OppFNHEni, il D , iLiuRicc Brugek, i\I D , and Elsil Frost, B A 

New York, N Y 

T he colloidal gold test as modified by Maelagan’ is lecognized as a valuable 
test in the stud\ of livei dysfunction Howevei, the piepaiation of the gold 
sol IS tune coiisuming and tedious, these facts ha\e lestiicted the wider chnical 
application of the test In 1947, Ducci- leeominended a piocediiie m whieh a 
modified scailet led solution is used and which is earned out following the 
geneidl piineiples of Maclagan’s colloidal gold leaction The piepaiation of 
this solution IS simple and the suspension is moie stable than the gold sol In 
the piesent clinical stud's, the colloidal led test was compaied with two othei 
lecognized methods of a similai categoij'’, namely, cephalin-cholesteiol floccu- 
lation and thymol tmbidity, in 122 subjects These included twenty noimal 
indiMcluals, ele\en patients with intectious hepatitis, seven ivith poital ciiihosis, 
eleien with chionic cholangitis, twenty-two with chionic cholecystitis and 
cholelithiasis, seion isith malignancy of the gastiointestinal tiact and livei 
metastases, and foitv-foui patients with miscellaneous disoideis 

METHODS 

The ceph ilin cholesterol floccul ition test eirned out is introduced bj Hiiigeri 
and modifled bi Neofe and Eheuihold < "V dues exceeding 2+ floccuHtion were interpreted 
as ibnoiniil The tlijmol tuibiditj test n is performed bj the method of Maclagm ■< The 
procedure was modified bj adding 01 i c of serum to fa c c tlijmol buffer solution 'Values 
exceeding 4 units were considered abuorm il The colloid il red test was cinied out according 
to the procedure outlined bj Uuici 2 Vilues exceeding 2+ flocculation were considered ib 
norm il 

RESULTS 

Table I shows the lesults obtained 111 twenty 1101 mal individuals fiec of 
livei 01 biliaij tiact disease It will be noted that m no instance nas the 
colloidal led flocculation gieatei than 2 and this occuiiecl 111 onh two ot tlic 
twenty subjects 

Table II details the lesults in ele\en cases of infectious hepatitis (epidemic 
and homologous scium xaiieties) It will be noted that the colloidal led agieed 
with the cephalin-cholesteiol flocculation in nine instances In one ot the le- 
maiuing two cases (Patient 1), the cephalin-cholesteiol and thjmol tuibiditj 
tests weie negatixe while the colloidal led was 3+ In the othei (Patient a), 
cephalin-cholesteiol flocculation was 3+ w'hile the othei tests w'eie noinial 
Tlmnol tuibiditx compaied faxoiablj with the colloidal led test in eight ot the 
dexen patients In the othei tliiee, the thjmol tuibidity leaction w'as w'lthm 
noimal limits while the colloidal led piecipitation was definitely abnoimal 

From tilt. Department of Medicine Post-Graduate Xledical School New Vork Unlversltj- 
Bellceue Medical Center 

Rccehed for publication Feb 7 1913 
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T^^LE I Normal Skjbjects 


SUBJECT 

ICTERUS 

JSDEV 

(UNITS) 

CETIIVLIN CHOLESTEROL 
FLOCCULATION 

THYMOL 

TURBIDITY 

(UNITS) 

COLLOID VL 

RED FI^CCU 
LATlO'i 

-4 U« 

1 48 HR 1 

1 

7 0 

+ 

± 

2 0 

0 

o 

33 


i 

15 

0 

3 

10 0 

0 

C 

10 

0 

4 

10 0 

0 

0 

05 

0 

5 

75 

1+ 


1 0 

2 

0 

93 

+ 


1 0 

1 

7 

83 

+ 

+ 

2 0 

0 

8 

68 

1+ 


1 0 

1 

D 

57 

0 

0 

20 

0 

10 

6 1 

0 

0 

15 

0 

11 


0 

i 

10 

0 

12 

88 

0 

0 

05 

0 

13 



± 

10 

0 

14 


* 

± 

1 0 

0 

15 

88 

0 

0 

15 

0 

16 

50 

1+ 

u 

15 

1 

17 

7o 

1+ 

u 

10 

0 

18 

60 

t 

+ 

10 

0 

19 

0 7 

0 

0 

1 0 

0 

20 


1+ 

0 

35 

0 


TVBLE ir 

PATIENTS ttlTH IVFECTIOIS HEI NTITIS 




I CEPH \L1N CUOLESTEROL 

TUTMOL i 

COLLOIDAL 


INDEX 

1 FLOCCUl«\TIO\ 1 

Tl BBIDJTY I 

RED FLOCCU 

PATIENT 

(UNITS) 

1 24 HR 

1 48 nit 1 

(UNITS) i 

LATION 

1 


2+ 

2+ 

21) 

6 

2 

176 0 

4f 

44 

320 

5 

3 

11 0 

3+ 


20 

3 

4 

83 

3+ 

3+ 

20 

3 

5 

45 0 

3+ 

3+ 

40 

2 

d 

12 5 

0 

+ 

10 

1 

7 

83 

* 


25 

o 

8 

39 0 

3+ 

3+ 

10 0 

0 

9 

37 5 

3+ 

3+ 

50 

4 

10 

o7 5 

3+ 

34 

80 

5 

11 

18 6 

4+ 

44 

5 0 

5 


Table III shows the lesults m se\en cases of poital cirrhosis The cephalin 
cholesterol flocculation and colloidal red tests agreed in fl%e instances In the 
lemaming two ceiihalm cholesterol flocculation was noiiual while colloidal 
led precipitation was alniormal TliMiiol tuibidit-s and colloidal red piecipita 
tioii compaied fa\oiabh in fi\e of six cases In the remaining instance thjmol 
tuibidit} was noimal wliereas the colloidal led pieeipitation was abnormal 


Tabib hi Patients ttiTii Poptvl Cirpiiosis 


PATIENT 

ICTERUS 

INDEX 

(UNITS) 

j CEl HALIN CHOLESTEROL 1 

I FLOCCLLATION j 

I THY MOJ 

[ TUPBIDITY 

1 (UMTS) 

COLLOIDAL 

RED FLOCCU 

LATION 

1 24 HR 

1 48 HR, 1 

1 

15 0 

+ 

+ 

30 

3 

2 

15 0 

4+ 

44 

80 

5 

3 

24 0 

2+ 


5 0 

5 

4 

68 

3 44 



4 

i 

1 0 

344 


75 

3 

b 

83 

1+ 

34 

1 0 

0 

7 

3/ 5 

34 

34 

50 

5 
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Table lY details the lesults in twenty-two eases of chionie cholecystitis 
■\\ith stones Two subjects (Patients 14 and 17) had associated common duct 
stones veiified at operation In none of these 'was a positive colloidal led test 
obtained In one mstaiiee (Patient 17), the cephalin-cholesteiol test was 3+, 
tlijunol tiiibiditi 5 units, and the colloidal led flocculation at the upper limi t 
of 1101 mal 


Tcble I\ Pvtiests With CHOLECiSTxTiS v\d Cholelithiasis 



ICTERUS 

CEPHALIN CHOLESTEFOL 

THYMOL 

COLLOIDAL 


I\DE\ 

flocculation 

TURB DIT-i 

RED FLOCCU 

P VTIENT 

(UMTS) 

24 HR 1 48 UR 

(UNiTS) 

LATIOH 

1 

40 

+ 

2 0 

+ 


5 4 

0 

1 0 

0 


0 7 

0 

2 0 

0 

t 

5 5 

0 

2 0 

0 

o 

50 

0 

1 0 

0 

b 

3 0 

0 

1 0 

0 

7 

39 

0 

10 

0 

s 

5 0 

+ 

30 

1 

0 

4 0 

0 

10 

0 

10 

5 0 

1+ 

0 

0 

11 

0 0 

0 

2 3 

2 

12 

3 3 

2+ 2+ 

2 0 

1 

13 


1+ 1+ 

0 5 

0 

U 

250 0 

0 0 

05 

0 

15 

62 

2+ 2+ 

20 

0 

10 

S 8 

0 t 

2 0 

o 

17 

20 6 

3+ 

50 

3 

IS 

59 

0 

40 

0 

19 

39 3 

± t 

20 

1 

20 


0 

1 2 

2 

21 


0 

20 

0 

22 

12 5 

+ 

1 0 

1 


Table V indicates the results in eleven cases of chionic cholangitis In sin 
patients the cholangitis was due to bacterial infection {Escheiichia coh) In 
eight, theie iias good agreement between the cephalm-cholesterol flocculation 
and the colloidal led tests In the othei thiee, cephalin-cholesteiol flocculation 
\ias noinial iihile the tlijcml tiubidity and colloidal led tests weie abnoimal 


Tvble V Patients Hith Chromc Cholangitis 


lA 

TIEAT 

ICTERUS 

INDEX 
('UNITS) : 

CEPU 

CHO 

TEl 

FLO' 

LAI 

24 

HP 

ALIN 

LES 

[lOL 

ecu 

TON 

4S 

HR 

THYMOL 

TUR 

BIDITA 
( \ NITS) 

COLLOIDAL 

RED 

FLOCCU 

I 4 ATION 

OKGVNISM 

ASSOCIATED CUMCAL 
CONDITIOV 

1 


0 


20 

0 

Esch coll 


o 

11 2 

3+ 


50 

3 



3 

4 1 

3+ 


5 6 

1 

Esch coll 


4 

5 8 

") 


10 0 

3 

Esch coh Biliar} cirrhosis 

5 

3 0 

3-r 


20 0 

4 

Ebch coh Subclinical hepatitis 

6 


0 


9 0 

4 

Ebcli coll Stenobis, common duct 

7 

125 0 

0 

0 

2 0 

0 

E=ch coll Biharj cirrhosis 

8 


2+ 


15 0 

4 



9 


0 


40 

0 



10 

93 8 

1-r 

1+ 

1 0 

0 



11 


1+ 


40 

1 2 

Iiitrahepatic duct OD 
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Tlio thimol tuibiditi incl colloidal red reactions, agieed iii ten ot the eleicii 
caies In the le'naimiio one both the ecphahii cholesterol and tlij-mol tiu 
biditj tests Mere almoimal Mhereas the colloidal red precipitation leniamed 
normal 

Table VI shons the icsuils in sercn cases of malignancy of the gastio 
intestinal tiact with seeonihij iiietastnses to the Inei In onlj one patient 
ms an abnoimal floeciiJation test obseired i 3+ eoUoidil led leaction ^ip 
paientlj the colloidal led test is of no greatei laluc m detecting carcinomatosis 
of the h\ei than the other flocculation tests 


Table VI Pytients With rco\uAn\ Carcinoma o* theLivcb 


(■NTIENT 1 

ICTEBUS I 
I\DEX i 
(UMTS) 1 

CEJ iLiLIS 
CHOLESTEROL 
>LOCCILATIOV 

TUV lOL 

TUR 

liIDIT\ 

(1 VITS) 

I COLLOiUU. 

[ REB 

! PLOCCU 

1 LATIOV 1 

LOCATION OP 
PRIUART LESION 

I -4 lUl 

1 48 UR 1 

1 


2+ 

-+ 

40 

U 

L/Olon 

2 

83 0 

1+ 

1+ 

40 

1 

Gall bladder and duo 







denum 

3 

1210 

0 

+ 

05 

0 

Pancreas 

4 

36 

0 


20 

o 

CoomJon duct 

5 


0 


10 

V 

Stomach 

6 

i25 0 

1+ 

u 

30 

3 

Ascending: colon 

7 

60 0 

0 

l> 

20 

2 

Head of pancreas 


Table VII details the flndnigs obtained in foitj fom patients mth saiious 
diseases It will he noted that m ten instances an abnomial colloidal red test 
was obtained These included t«o patients with sclerodeima two with diabetes 
ineUitus, one with chronic rlieumatoid arthntis, one with clironio arthritis due 
to gout, one with thyrotoxic heart disease one wnth schistosomiasis one with 
chronic alcoholism, and one with duodenal ulcer In patients with scleroderma 
schistosomiasis and rheumatoid arthritis, an augmented precipitation of 
colloidal red might be expected because of the associated hj perglobulinemia 
Again, patients witli diabetes mellitus thj rotoNicosis, and chrome alcoholism 
might have associated parcnclnmal cell damage The abnoimal colloidal red 
test 111 one p-itient with duodenaJ iilcei leinains uneNpiamod 

DISCUSSION 

The bioeheninal meeiianism icspoiisihle for the flocculation ot tilt cephalm 
cholesterol thj mol and colloidal red suspensions reni iins unevplamed In the 
absence of serum albumin electrophoieticallj puie gamma globulin flocculates 
with the standard cephalm cholesterol reagent The minimum quaiititj of 
gamma globulin necessait to pioduee precipitation is said to be between 0 22 
and Oil milli^^iam'’ Kabat and cowoihers' as well us Mooie and associates' 
detected no difference between gamma globulin fioin noimal oi hepatitis sera 
On the othez hand Maclagan and Bunn' found that liepatitis gamma globulin 
was moie efteetiic in flocculating cephalm cholesterol emulsions at a pH of 7 8 
than normal gammi globulin The scnsitiiitics weie 005 mg and 05 mg 
lespectueli The\ aho found that a niiNturo of alpha and beta globulins from 
patients w ith hepatitis flocculated the cephalm cholesterol reagent while these 
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Tabie VII Patients IVith MiscelIuVNEous Disorders 


PSTIENT i 

DIAGNOSIS 

ICTERUS 

index; 

(UMTS) 

CEPH 

CHO 

TEl 

FLO) 

LAI 

24 

HP 

ALIN 

LES 

iOL 

ecu 

■ION 

48 

HR 

TH\ MOL 
Tur 
BIDITY 

(units') 

COLLOID 
AL RED 
I-LOCCU 

LATION 

1 

Sub u ute p increititis 


0 


40 

0 

2 

Subacute pancreatitis 


0 


20 

0 

3 

Clironic p increatitis 

40 

0 


20 

0 

■i 

Acute pancreatitis 

14 6 

2 3+ 


50 

4 

5 

Common duct sphincter spasm 

44 

0 


2 0 

0 

G 

Common duct sphincter spasm 

4 8 

0 


2 0 

0 

7 

Common duct sphincter spasm 

40 

0 


2 0 

0 

8 

Common duct sphincter spasm 

5 2 

0 


2 0 

+ 

9 

Scleiodernia 


4+ 


10 0 

5 

10 

Scleroderma 

5 0 

2+ 

2+ 

3 0 

3 

11 

Scleroderma 

10 0 

1+ 

1+ 

1 0 

0 

12 

Scleioderma 

h? 

+ 

+ 

05 

0 

13 

Hypertensive cardiovascular diseise 

75 

1+ 


20 

0 

14 

Arteriosclerotic heart disease, cerebro 

83 

1+ 

1+ 

20 

0 


spinal syphilis 






15 

Arteriosclerotic he irt disease 

12 5 

1+ 

1+ 

05 

0 

16 

Arteriosclerotic he irt disease 


0 


1 0 

0 

17 

Syphilitic he irt disease 

75 

0 

0 

10 

0 

IS 

Rheum itic heart disease 

12 5 

+ 

+ 

2 0 

1 

19 

Myocardial infarction 

6 0 

+ 

+ 

1 0 

0 

20 

Congestive heart failure 

30 0 

i+ 

1+ 

10 

0 

21 

Hypertensive cardiovascular disease, 

15 0 

0 


10 

1 


postsy mpathectomy 






22 

ThvrotoMc heait disease 

7 1 

2+ 

2+ 

1 5 

3 

23 

Roiurreut tliyrotOMcosis 

93 

0 


15 

0 

24 

Chronic rheumatoid arthritis 

62 

2+ 

2+ 

30 

5 

23 

Gouty arthritis 

71 

+ 

+ 

35 

4 

26 

Osteoarthritis, spine 

a 0 

0 


20 

0 

27 

Gastrointestinal bleeding 

88 

1+ 

1+ 

10 

1 

28 

Duodenal ulcer 

5 0 

0 


2 0 

1 

29 

Duodenal diverticulum 

60 

0 


3 0 

1 

30 

Chronic atrophic gastritis 

5 3 

+ 

+ 

1 5 

1 

31 

Duodenal ulcer 


1+ 

1+ 

10 

0 

32 

Duodenal ulcer 

17 4 

2+ 


25 

4 

33 

Diibetes niellitus 

45 

+ 


20 0 

3 

34 

Di ibetes mellitus, hep itomegaly 

11 5 

1+ 

1+ 

2 0 

0 

35 

Stenosis of hepaticoduodeuostomy open 

in <T 


121 


34 

2 

36 

jijy 

liddison’s disease 

73 

1+ 


30 

o 

37 

Pernu lous anemia 

55 

3+ 


1 0 

1 

38 

Chronic alcoholism 

75 

+ 

+ 

20 

3 

39 

Migraine 

52 

0 


40 

2 

40 

An itoniic defect of gall bl iddor 

38 

0 


1 0 

0 

41 

Spastic colon 

49 

0 


10 

0 

42 

feeborrlicic dermatitis 

10 0 

1+ 

1+ 

1 0 

0 

43 

Hookworm infest itioii of the sm ill 

53 

+ 

+ 

25 

1 


bowel 






41 

Schistosomi ISIS 

6 8 

3a 


50 

5 


fiaetioiis fiom noiiual seia did not Mooie and co-iioikeis® lepoited that in- 
hibition ot flocculation occuiied i\hen 5 9 ing of noinial albuinm i\eie added 
to the leageiit tontaining 0 33 rag ot ganuiia globulin A siniilai qiiantiti 
ot hepatitis albumui oul^ ledueed the floeculatioii fioiii 4+ to 3+ l\raclagaii 
and BiiniD iound that noimal albumin was iiihibitoij to both noinial am 
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hepatitis gamma globulin fiactioiis m the pioportion of 100 1 Thus, it ap 
peal’s that the flocculation of tlie cephalin cholcsteiol suspension depends mainlj 
on some relationship bctucon the gamma globulin and albumin fiactions of 
the seium 

The mechanism lesponsiblc foi the tli^mol turbiditj leaction appeal’s to 
be diffeieiit Accoiding to Alaelagan and Bunn® and Recant Chaigaff, and 
Hanger,’® piccipitatioii of the thjmol icageiit depends upon the piesence of 
a lipid containing fiaction of the seium Cohen and Thompson” found b\ 
electiophoietic ainhsis that the tin mol icageiit precipitates beta globulin fiom 
both normal and hepatitis serum l^Iacla^au and Bunn® demonstrated that 
gamma globulm pioduced a faint tiiibidiU when added to the th>mol leagent, 
the tuibidit} increased maikedh houe\er when cephalin oi lecithin nas added 
They found the tulbldlt^ abolished b> noimal but not bj hepatitis albumin 
Thus, dlthoUoh the tliMiiol turbidit> leaction nuohes primaiil\ the beta 
globulin fiaction of the seium thcie is some evidence that aamma globulin 
ma> also be involved but to a lesser degree 

Electiophoietic analysis of the seium pioteins responsible foi the pre 
cipitation of the colloidal led reagent has as jet not been reported, although 
such studies have been made on the colloidal gold icaction upon which this 
procedure is based The gold sol like the cephalin cholesteiol leagent, is pie 
eipitated bj gamma glolnilm and the piccipitation is inhibited b> seium al 
buinm ® Alpha and beta globulin mixtures have been repoitcd to be oven moie 
nihibitoiy than albumin® The picsent clinical studj does not peimit the 
formulation of anj definite statement as to the possible mechanism lesponsiblc 
foi the precipitation of the colloidal red suspension It is interesting to note 
that this lepoit includes seveial instances vvhciem the colloidal led test was 
definitel} abnormal while the ccphalui cholesterol and thjmol turbidity re 
actions vvcie within the normal range 

It should be emphasized that the tests used m this study aie indicatois of 
changes in the blood piotein fiactions Thej mnioi pnmaiilj alterations in 
gamma e,lobulin and to a vaiiable dcgice albumin and beta globulin Because 
changes in these piotcin fractious aie an accompaniment of hepatic disease, 
these tests aic of value as indices of hepatic damage Positive flocculation tests 
aie not always the result of hepatic disease as noted in Table VII 

The fact that positive flocculation tests occur in hepatic disease onlj when 
the pareiiehj mal cell is daniaoCd makes them useful as an aid in the differential 
diagnosis of jaundice (sec Tables II, HI and VI) The colloidal led test like 
the cephalin cholesteiol flocculation and thjmol tuibiditj leactions is noimal in 
eailj extrihcpatic (majoi bile duct) obstniction le before secondary damage 
to the livei cells has occuried bj interfeience wnth bile flow 

In summary it maj be stated that the colloidal led reaction is a sensitive 
test foi deteimimiio alteiations in the seium piotein fractions resulting from 
damage to the paienchjmal cells of the livei Its technical simplicitj reeom 
mends it for loutine use This statement does not imply that the colloidal icd 
test should replace the othei flocculation proccdiues m fact, these tests sup 
plemeiit lather than suppliiit each othei Obviouslj the simultaneous per 
foimance of the tluee flocculation pioeedurcs described in tins paper offers a 
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better panorama of the underlying alterations in the serum protein tiactioiis 
than can possibly be suimised by the use of anj' single procedure alone “ 

SUMMARY 

1 A clinical evaluation of the colloidal red flocculation test is presented 
In 122 subjects the test was compared with two other widely used procedures 
of a similar type, namely, the cephalin-eholesteiol flocculation and thjiiiol tin 
bidity tests 

2 This study reveals that the colloidal red test is a sensitive and technically 
simple procedure for detecting alterations in the serum protein fractions ac- 
companying hepatic disease Its use as an aid in the differential diagnosis of 
jaundice is recommended 
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THE INPLEENCE OP DIBENAIIINE UPON CIRCULATORY 
REACTIONS TO EPHEDRINE AND NEOSYNEPHRINE 
IN NORMAL SIAN 


"WallvceSI Shvw SID L SI Pvppek, SID, ivd E A Rovenstine, SI D 
New York N 1 

O NE of the diu^fi most lecentlj cmplojcd to piodnce blockade of the s\tii 
patho adrenal si^tem is Dibcnannne* (dibenzjl p ehloioethylamine) Nick 
ereoii and Goodman* liaVe'repoitcd on its efficacj in preventing the vasopiessor 
lesponse to epinephrnie and the excitatoij icsponse of smooth muscle to 
sympathetic neive stimulation as well as to epmephiine in seveial oigaiis of 
the body They indicate, in addition that the iiilubitoij effects of epinephi me 
are not influenced by the diug 

Diffeient e\peiimental methods have been employed to demonstiate the 
nnpoitant piotcetion that Dibenamine e\eits against the caidiac effects of 
epmephiine m animals anesthetized with eyelopiopane' “ as well as those not 
subjected to anesthesia duimg the couise of study “ * Although the site of 
action of this drug is not definitely established the available evidence siig 
gests that Dibenamine acts diiectly upon effectoi cells to pi event the lesponses 
to sympathiii E and the excitatoo manifestations of epmephiine * ' 

Because of these inteiestmg piopeities of Dibenanune this study was 
undertaken to deteimme its effects on the actions of two commonly employed 
vasopiessoi dings ephedrme and Neosynephiin 

METHODS 

Tho vasomotor responses to ephedrm© sulfate or Ncosjnephrm hjdrochlonde aa mam 
fested by changes m blood pressure pulse rate digital pulsations and linger volume acre 
measured m normal human subjects before and after Dibenamine administration permittmg 
each to act as his own control Ephedrme was studied in this manner m three subjects and 
Neosynephrm in three others 

All tests were earned out approximately two hours after meal time in a dimly illuminated 
room at a temperature of 20 to 29 C The subjects were observed in the supme position 
on. a comfortable table after a slow intravenous infusion of physiologic salme solution had 
been started Measurements of blood pressure were made by auscultation using a mercury 
‘sphygmomanometer with a pneumatic cuff applied to the right upper arm Tho digital 
pulsations, pulse rate, and changes m finger volume were recorded on a Turner plcth^smo 
graphe 7 with the cup covering the distal phalanx of the left index finger 

A period of psychic and physical rest was allowed until tho functions under observa 
tion had reached a steady state These values for blood pre'^sure and pulse rate are given 
m Table I The absolute values for finger volume and amplitude of digital pulsations are 
of less importance 7 Normally there are gradual variations m both these values Changes 
to be significant should be sudden reproducible and related to known causes 

From the Department of \nesthcsla New "iork University College of Medicine and the 
Anesthesia Service Bellewie Hospital 

Received for publication Feb 2 1949 

Dibenamine was supplied b> Glvaudan Delawanno, Inc. Delawanna N J through the 
courtesy of Dr W Gump 
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•A Btfoie the administration ot Dlbennmlne B After the administration of dlbenamlne 
tAftei a period of psjchic and plnslcal rest 
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Without tho subject s knouJcdgt the tiat drug, epheJnne (37 mg) or Neosyiiephrm 
(15 to 2 0 uig ), thou lujeHtii mtrueuousH und the effects uerc recorded A day or 
two later Dibemmine hjdrocliloride upphtd n*) a u per cent solution iii 50 per cent alcoliol, 
was idniinistered to the subjects in do is of 4 to a mg per kilogram of body weight in an 
infusion of 300 to 500 cc of piijsjologic <:almc ‘lolution o\cr a period of thirty to eighty 
minutes With rapid adnninstration nausea was seen in Subject 3 One person (Subject 6) 
suffered a burnnig pain ind femhriusi along the course of the vein receiving the infusion 
until tho Oiben imme w ii diluted to 000 cc and local heat was applied W'^ithin three hours 
of tho completion of the admuiivtrnfion of Dibenamme tho observations described were re 
peated In Subject 2, obsen itioii« wire recorded only ten minutes after the completion of 
tho Dibenamme infusion and the oontiol Hints nus performed nine days later 

Rt^ULTb 

Wlien ephediiiic \'as {jueii iiitrai eiiouslj m the eoiitiol senes the blood 
pressnie merensed nothin thntj to si\tv seconds lenehing i maMiiuim m thiee 
to six iinmitcs The sjstolic picssuie iiicieised 16 to 53 mm and the diastolic 
piessurc 15 to 24 mm of meienrj Both letiiiiied to oiignnl levels within 
twenty nnnntes Loincident with the highest blood piessuie theie was a 
icilex slowing of the pulse of 8 to 40 heats per minute Then as the blood 
pressuie fell, the pulse iito iiiei eased 8 to 15 bests above the oiigiinl level 
gindmlly letuiniug to not mni buhjcct 2 exhibited on irregular pulse ihythm 
flharaetei ized by pulsus alteiiians dining the lindjcaidia Tiiigei volume was 
deeieased by 003 to 007 c c within thiee iiiniutes iiid gndunlly returned to 
the oiigmal size The amplitude of digital pulsations was decreased b} 0 005 
to 0 oil 0 0 pti 5 c c of fing( i mass w ithin thiee minutes after the ephediine 
uyection and lotuined to noi iiial in ten minutes 

Aftei Dibenamme had been aduiinisteied the i espouses to mtiavenous 
ephediine were xeduoed The nicicase in systolic pressnie was 10 to 30 mm 
and the diastolic piessuie 0 to 16 mm mcicuiy No bradyeaidia was noted 
Thei e was an inci ease in pulse rate (4 to 18 beats pei iiuiiute) within six min 
utes and it remained elevated for iiioie than fifteen minutes There weie no 
episodes of pulse ii regulai ity In Subjects 1 and 3 the finger v olume was de 
creased by 0 08 and 013 cubic eentiuietei In Subject 2 theie was a gradual 
intiease in fiiigei volume The amplitude of digital pulsations deeieased by 
0 007 0 c pel 5 0 e in Subjects 1 and 3 hut lemaiued unchanged in Subject 2 
These lesults aie epitomized in Table I 

In the coutiol tiials aftei Ncosynephiin was given niti av enously the 
systolic piessuie was iiicieascd by 68 to 100 mm Hg within one to four mm 
utes and the diastolic piessuie increased 34 to 50 mm Hg in the same tune 
Both systolic and diastolic piessuies retuined to oiiginal levels iii fifteen mm 
utes The pulse i ate was decreased by 12 to 34 heats per minute eoincidelitally 
with the highest blood pressuie Only Subject 5 showed a secondary use in 
pulse rate as the lilood piessuie fell With the slowest biadycardia pulse 
11 regularities consisting of ex ti asystoles were exhibited by Subjects 4 and 6 
The fingei v olume w as deeieased by 0 22 c c and 0 07 c c m subjects 4 and 5 
and letnrned to iioimal within five to eleven iiiiiiutes The amplitude of 
digit \1 pulsations w as deeieased by 0 011 to 0 032 c c pel 5 c c fingei mass and 
letuined to tho oiigmal levels in eight to ten minutes 
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Aftei the administiatioii of Dibeuamme, Neosynephuii no longei pio 
duced such diamatic effects The iise m systolic piessuie was only 10 to 20 
mm meicuiy Diastolic piessuie rose 10 and 8 mm Hg in Subjects 4 and 6 
and fell 4 mm Hg in Subject 5 The pulse late lose slightly in Subjects 4 and 
5 but fell 18 beats pei minute in Subject 6 Theie weie no instances of iriegu- 
lai pulse ihythm Fingei volume did not change appieciably The amplitude 
of digital pulsations deci eased in Subjects 4 and 6 and inci eased in Subjects 
These lesults aie summaiized in Table I 

DISCUSSION 

It will be seen that with the doses used, Dibenamme hydiochloiide al- 
most completely pi evented the vasopiessoi effects of Neosynephrm Periph- 
ei al vasoconsti iction, as evidenced by a deei ease in fingei volume and deci ease 
in the amplitude of digital pulsations, was minimized also 

The vasopressoi effects of ephediine weie mitigated but not abolished by 
Dibenamme Inci eases in blood piessuie, while lowei aftei Dibenamme, weie 
still appieeiable Digital vasoconsti iction in i espouse to ephediine was not 
pi evented m two out of thiee tiials (Subjects 1 and 3) In Subject 2, digital 
vasoconsti iction was pi evented by Dibenamme An evplanation may be found 
in the fact that the test was peifoimed only ten minutes aftei the Dibenamme 
infusion had been completed 

These findings indicate the existence of different modes of action foi 
ephedrme and Neosynephim Others^’ - ® have demonstiated that Dibenamme 
completely abolished the piessoi effects of epinephrine Ephedrme, accoid- 
mg to Gaddum,® acts by inhibiting amine oxidase, a ubiqmtous enzyme, which 
destroys sympathm The action of sympathm is thus potentiated However, 
if the action of ephedrme was mediated through sympathm, Dibenamme 
should prevent its piessoi actions That it does not do so is evidence against 
this postulate 

Smce the vasopiessoi and vasoconsti ictoi effects of ephediine aie not 
completely abolished by Dibenamme, ephediine should be more effective than 
eithei epmephime oi Neosjmephim m producing these results m patients to 
whom Dibenamme has been admimsteied 

SUM WARY 

Circulator V responses to ephedrme and Neosynephim were observed m 
man beioie and after the admmistiation of Dibenamme hydiochloiide 

The vasopiessoi and vasoconsti ictoi actions of Neosynephim are almost 
completely prevented by Dibenamme The vasopiessoi effects of ephediine 
are decreased and the \asoconsti ictoi effects are not appreciably affected by 
Dibenamme 
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Aftei the admmi&tiation of Dibenauime, Neo&ynephim no longei pio 
duced such diamatic effects The use in systolic piessiue was only 10 to 20 
Dim mercuiy Diastolic piessnie lose 10 and 8 mm Hg in Subjects 4 and 6 
and fell 4 mm Hg in Subject 5 The pulse rate lose slightly in Subjects 4 and 
5 but fell 18 beats pei minute in Subject 6 Theie weie no instances of iiiegii 
lai pulse ihythm Fingei volume did not change appieciably The amplitude 
of digital pulsations deci eased in Subjects 4 and 6 and inci eased in Subject 5 
These lesults aie summaiized in Table I 

DISCUSSION 

It will be seen that with the doses used, Dibenainine hydiochloiide al 
most completely pieiented the vasopressoi effects of Neosynephiin Peiipli- 
eial vasoconstiiction, as evidenced by a deciease in fingei volume and deciease 
in the amplitude of digital pulsations, was minimized also 

The vasopiessoi effects of ephediine weie mitigated but not abolished by 
Dibenamine Inci eases in blood piessuie, while lower aftei Dibenamine, weie 
still appieciable Digital vasoeonsti letioii in i espouse to ephediine was not 
pievented in two out ot thiee tiials (Subjects 1 and 3) In Subject 2, digital 
vasoconstiiction was pievented by Dibenamine An explanation may be found 
in the fact that the test was peifoimed only ten minutes aftei the Dibenamine 
infusion had been completed 

These findings indicate the existence of diffeient modes of action foi 
ephediine and Neosynephiin Otheis^’ ^ ® have demonstrated that Dibenamine 
completely abolished the piessoi effects of epinephrine Ephediine, accoid 
mg to Gaddum,® acts by inhibiting amine oxidase, a ubiquitous enzyme, which 
destroys sympathui The action of sympathin is thus potentiated However, 
if the action of ephedrine was mediated through sympathm, Dibenamine 
should prevent its piessoi actions That it does not do so is evidence against 
this postulate 

Smce the vasopiessoi and vasoeonsti letoi effects of ephedrine aie not 
completely abolished by Dibenamine, ephediine should be more effective than 
eithei epinephime oi Neosynephiin in piodiicing these results in patients to 
whom Dibenamine has been administer ed 

SUAIMARY 

Circulatory responses to ephediine and Neosynephiin weie observed m 
man beioie and aftei the administiation of Dibenamine hydiochloiide 

The vasopiessoi and vasoeonsti letoi actions of Neosynephiin are almost 
completely pievented by Dibenamine The vasopiessoi effects of ephediine 
are decreased and the vasoeonsti ictoi effects are not appreciably affected by 
Dibenamine 

REIERENCES 

1 Nickerson, kl , and Goodman, L S Pharmacological Properties of a New 

Blocking Agent N, N dibenzyl /? chloroethylamine (Dibenamine), J PnaMia 
& Exper Therap 89 167 185, 1947 
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technique is tlmt the end point is coinplctelv subjective and Mill \ary witli 
diffeient obsei\tis, although foi each obsei\ei a normal lange can he secured 
A moie objectne technique utilizing ladioactne gis, is being imestigated 
HoMe\cr, the picscnt method has the advantage of not lequinng anj special 
appaiatus oi tiaining and can ho used at the bedside bj the general prac 
titioiiei 



CROSS PORTAL CIBCUUTJON TllfB IW TVtZ CHOOPS OP PATIDJrS 
Flff 1 

FESULTS 

In thiitj four noimal contiols and tiuee comijensated cardiac subjects 
the ijioss portal ciieulation time laiigcd betnecn 11 and 25 seconds The span 
in seven decompensated caidiac subjects and in one clinicillj compensated 
caidiac patient ivas betMCtu 32 and 65 seconds Seven patients with Latnnec s 
cirrhosis vuth clinical evidence of poital hjpeitension evinced bj eithei luelena 
or ascites but without evidence of cardiac failuie gave measured times between 
3-1 and ISO seconds 
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A gioup of fourteen cases of miscellaneous types of hepatic disease weie 
studied None of these subjects had nielena oi ascites oi eaidiac failiiie but all 
showed hepatic hypofunction by the usual livei function tests Half of these 
subjects presented gross poital eiieulation times lower than 25 seconds, while 
the remaming seven had prolonged times between 27 and 65 seconds This 
latter gioup may lepiesent cases of poital hypertension ivithout clinical mam 
festations Prolonged gross portal circulation time due to heart failure can be 
readily differentiated from that of portal cirrhosis by the prolonged aim-to 
tongue circulation time in the former 

SUMMARY 

A simple method for the quantitative estimation oi portal circulation time 
IS described 



ACTINOJrYCES BOVIS IN TISSUES AND BODY FLXHDS 

Philip Sch viv D Sc , Anne De Step \no B A , 4Nd Joseph P Kazlowski, B S 
Staten Island, N Y 

INTRODUCTION 

T his woik is bemg presented to show the incidental finding of Actxnomyces 
6oins in diseases other than aetinomyeo&ia The studj was prompted by the 
discovery of A bovts m a bone manow aspiration irom a suspected case of 
brucellosis which was detei mined later to be Hodgkin s disease Consequently, 
various materials such as blood and bone marrow, from all subsequent eases of 
Hodgkin’s disease brucellosis or related syndromes were cultured for this 
organism Boutine hone marrow aspnations from patients inth various blood 
dyscrasias were cultured as contiols A bovt:> ivas recovered from specimens 
of seven patients Tlie presence of this organism in the bone marrow or blood 
of individuals suffering from a disease other than actmomyco&is has not pre 
viousiy been reported 

We are prompted to publish this prelimmarj report because of the scarcity 
of proper material foi 3tud\ at this institution Furtlier investigation at this 
and other laboratories will test the \alue of our findings 

METHOD*? 

The media used were products of Difco and consisted of brain heart infusion Trypto e 
broth Trypto«o phosphite broth and tIuoghcoHate broth The latter was diatnbuted in 
20 e c quantities in tubei and the others in 60 c c quantities in dasks 

Inoculation of media with the bod) fluids and tissues was as follows Bone marrow 
Two milliliters of bone marrow were added to 3 ml of 2 5 per cent sodium citrate in distilled 
water One milliliter of this mature was added to each of the flasks of different media 
and 0 5 ml to each of two tube'll containing thiogljcollate broth. Blood Fifteen nulhliters 
of blood were added to 3 ml of 2 5 per cent sodium citrate solution and of the mixture 4 ml 
quantities were added to the flasks of different media and 1 ml to each of two tubes of 
thioglycoUate broth. All other specimens \rcre inoculated ad librum 

Incubation was earned out at a temperature of 37 C The bram heart infusion cultures 
wore kept in the normal atmosphere and the Trypto''© broth cultures (for cultivation of 
l?racel'?a altortus) were maintained in an atmosphere of increased carbon dioxide Specimens 
inoculated into the Trj'ptoso phosphate broth were groivn under anaerobic conditions Of 
the two tubes of thioglycollate broth seeded with each specimen one was groum m an 
anaerobic atmosphere and the other m an atmo'ipherc of increased tarbon dioxide 

CASE HISTORIES 

Case 1 (No 4328) — A clinical problem diagno ed as brucellosis The Brucellergen 
skm senaitmt) reaction and the brucella agglutination tests were negatne mitially but the 
latter became positi\o (1 to 640) after the skm test and sub cquent vaccination with brucella 
antitjCn Eleven specimens of blood one of bono marrow and one of spinal fluid were 
cultured for brucella and other organisms Of these one blood culture the bone marrow 
specimen, and the spinal fluid showed A 6oim The diagnosis of Hodgkin a disease was made 
on necropa> flndmg^ 

From tho Laboratory Service of the Veterans Administration Hospital 
Published with permission of the Chief Medival Director Department of Medicine and 
Surgery Veterans Administration who assumea no responslbJllt) for the opinions expressed or 
conclusions drawn by the authors 

Receded for publication Feb ” 1549 
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Case 2 (No 8739) — Brucellosis and Hodgkin's disease nere the diagnoses consideicd 
Agglutination tests for brucella ncre negative Twelve specimens of blood, two of bone 
marrow, one liver biopsj specimen, four sputa, and one sample of gum scrapings were 
cultured Of these, A hovis was recovered from one blood specimen, the two bone marrow 
samples, and the liver biopsj The final clinical diagnosis of Hodgkin’s disease was con 
firmed by the liver biopsy 

Case 3 (No 8823) —Clinically di ignosed as Hodgkin’s disease, confirmed histologicallj 
One specimen of blood and one of bone marrow were cultured, tlie latter showing the presence 
of A bovis 

Case -i (No 8635) — An ophthalmologic problem, diagnosed as nummular keratitis, niosl 
probably due to brucellosis Brucella agglutin ition, Brueellergeii skin test, and opsonic 
index failed to confiim Brucella as the etiologic factor Two blood specimens, two bone 
mil row aspiiations, and corneal scrapings were bacteriologically studied A bouts was re 
covered from the two bone marrow aspirations and the comeal scrapings 

Case 5 (No 9340) — Clinical diagnosis of xanthoma tuberosum In the routine study 
of bone marrow, a culture also was done and A bolts was recovered 

Case 6 (No 9936) — Clinicallj diagnosed is abdominal granuloma Culture of a bone 
marrow aspiration revealed the presence of A bouts 

Case 7 (No 9912) — Clinically diagnosed as Hodgkin’s disease, confirmed liistologicallj 
The culture of bone marrow aspiration showed A bouts 

A bolts was not found in the single bone mairovv samples of two patients with clinically 
diagnosed and liistologicallv confirmed Hodgkin’s disease 

Six patients with vinous blood dyscrasias, requiring bone marrow studies, were used 
as controls Their bone marrow was cultured as described, with negative results 

RESULTS iVND SUMMARY 

A bovts, lu pure cultuie, was isolated fiom the bod)' fluids and tissues of 
foui patients with pioved eases of Hodgkin’s disease, fiom one with a disease 
associated with biucellosis, fiom one diagnosed elinicallv as having abdominal 
gianuloma, and fiom one with xanthoma tubeiosum 

Fiom this gioup, the oiganism was recoveied in nine out of nine bone 
maiiow aspiiations, two of the twenty-foui samples of blood, and fiom the 
spinal fluid, livei biopsy section, and corneal sci apings 

H bovis was not found in the single bone maiiow samples taken fiom two 
pioved cases of Hodgkin’s disease and fiom six patients ivith blood dysciasias, 
01 fiom 11101 e than 1,000 samples ot blood and appioximatelj 7,500 othei speci- 
mens grown in the same fashion as desciibed duiing this investigation 

Baihest and most consistent giovvth was seen in the thioglycollate bioth 
incubated in a caibon dioxide atmospheie and in Ti^^ptose phosphate bioth 
grown under anaeiobic conditions Giowtli oecuiied at an average of six days 
in both media 

Tlus woik IS bemg published to piesent the incidental finding of A bovis 
in diseases othei than actinomycosis It is not the intention of the aiithois to 
indicate that H bans is the causative agent of any disease other than actino- 
mycosis The finding of this oiganism m the tissues and bodj’ fluids of patients 
who have gianulomatous diseases is provocative It is entirely possible that 
if other chsease entities were investigated, similar findings might result 
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Patients not having cluneal actinonn cosis inaj harboi hovis in their 
mouths, teetli decaj, and mucous membranes, whence it is feasible that the 
organism, undei favorable conditions maj cutei the blood stieam Since 
A hovis has been found repeatedlj oiei seieral mouths of obseivition in the 
same patients it does not seem to be meiel3 a tiansieut invadei The obiious 
distiubanee of the i etieuloeiidotliehal sjsteni in gianulomata may lender a 
patient more susceptible to a ehionn, bacteremia with involvement of tin- tissues 
and bod} fluids 

Serologic as well as furfhei baefenologie stucbes are being earned out as 
raateiial becomes ivailable 

Grateful acknoulidgment is made to Dr N F Conant, of Duke University, and Major 
P R Carlquiat and Major L S Kuhn, of the Army Mtdieal School, for contirDling the 
identity of tliG organisms 



DEUTERIUM OXIDE AND THIOCYANATE SPACES IN 
PROTEIN DEPLETION 

V HoLL-i.NDER, M D , Ph D j'' P Chang, M S , and Co Tui, M D 

New York, N Y 

P REVIOUSLY, the paitition of body fluid between the extracellulai and 
intiaeellulai spaces has been attended by indiieetion and assumption'-- 
This type of appioach has shown the impoitance of such data in understandmg 
the distorted electrolyte and fluid balance m such clinical conditions as diabetic 
acidosis^ and infantile diarrhea "* The simultaneous deteimmation of total body 
water and extracellulai fluid volume theoretically gives the intiaeellulai fluid 
volume bj-- difference -without the assumptions which have been necessary in the 
past 

Total body watei has been measured by desiccation m the human being® 
and values of 58 to 67 6 per cent of the body weight have been obtamed The 
technical difficulties of such a procedure are easily appi eciated and the method 
IS of course worthless for clnueal investigation The ideal method is to use a 
tracer substance which will be everywhere in equilibrium with body water 
s Sulfanilamide was for a time used for this purpose, and it gives values of the 
correct order of magnitude® ^ ® Urea® and thiourea" have been tried 

Apparently none of these three substances distribute themselves equally and 
exclusively in the body water Since it has been shoivn that m normal adults of 
many mammalian species fat is a diluent and water is a relatively constant por- 
tion of the lean body mass,'® it has been suggested that an independent method foi 
total body fat be established and water determined from this relationship The 
specific gravity method for total body fat has been used for this purpose" 
and results of reasonable magnitude have been obtained One of the best 
theoretical approaches to this problem, the simultaneous determination of body 
fat and water through differential solubilities of gases m body tissue,'® has been 
neglected from the experimental point of view The best data on total body 
water m man comes from isotopic measurements Hevesy and Hofer" first 
used deuterium oxide in man Usmg oral administration, they got a value of 
63 per cent of body weight Moore obtained a value of 72 5 per cent m a human 
subject '® Pace'® obtained a value of 64 7 per cent of body weight in a human 
subject, using tritium oxide AVe decided to use deuterium oxide as a tiacei 
for total body water, although when ToO of highei activity becomes available 
and simpler techniques for its measurement are developed it may well piovide 
a better method 

From the Surglcjil Laboratories Department of Surgery and the New York University 
Surgical Division of Bellevue Hospital - 

This work was supported In part by grants from Johnson &, Johnson Mead Johnson 
Company B R Squibb Sins Eli Lilly &, Company Arlington Chemical Company ana t 
J B Roerig &. Company 

Read by title before the Federation Proceedings meeting in Atlantic City March 19 19 
Received for publication Jan 27 1949 

♦Present address Department of Medicine New York Post Graduate Hospital 
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Though ni<iu> methods aie in logiie foi measuiing extracellulai fluid 
loliime none at present seems satisfactorj Thioejanate is lapidlj distributed, 
IS eas 3 to determine chemicalli, and has a sloii late of iiniiaij evcietiou On 
the othei hand, it eiiteis the led lilood cells and is seeieted lij seieial digestne 
glands tlost studies ivith thioejanate m noinial men gi\e values of fioin 20 to 
28 pel cent of the bod^ iiei,,!!! “ Sucrose has tlie adiantage of not bein„ 
an electroljte, and theiefoie correction for Doniian effect is iiiinecessai i 
Suciose IS cxeieted so rapidlj in the mine that an accinate measure of sucrose 
space IS difficult The suciose space’* appears to be 17 to 20 pet cent of the 
body ueight” Radiosodium and llimcianate spaces hare been conipaied in 
man” In normal men the sodium space (collected toi sodium which Ins 
penetrated bone) is 21 1 pel cent of Iiodi ueioht and thiocj mate space, 23 5 
per cent of Iiodj weight In anothei studs thiocjanate space was conipaied 
srith radiosodium and ndiochloiidc space” m the dog Heie the coliimes of 
distribution of CNS fsa *, and Cl * wcic 3C 20 and 25 pei cent lespectnelj 
of the bodj weight Thus the dog maj show dissociation between the sallies 
for estraceUuIai space deteiiniued bj thiocj mate space and bj other tech 
niquea’* Thioejanate, sucrose, and sulfate ion hate ippi-OMniatelj the same 
toliime of distnbutiQii * Biomidc Ins been used as a measuie of chloride 
space ’ Puithei doubt has been cist on the thioejanate space as a true repre 
sentation of estiacellular fluid lolnme since in malaria, spotted foiei, and 
bacteremia” it maj approach the \aluc of total bodj watei In normal nidi 
\iduals, one might feci ceitam that at least the order of magnitude of the thio 
ojanate space was corieet foi extracellular fluid xolunic because of the con 
cordanee ni lolumes of distnliution of the seicial substances cited but, m the 
nephrcetomized labbit, tbioeianate distiibutcs itself m a soliime of 30 per cent 
of the bodj weight wiulo luulm — a sulistance which is known not to cuter the 
red cell, nor to he secreted liv digcstiic glands, not to suffer airs binding to 
plasma protein — has a volume of 20 pel cent’ Iiinlin niiglit well he the ideal 
substance to measure extracellular fluid volume, but a method will have to he 
developed to circumvent its lapid uiinaij cxeietioii In spite of these dif 
ficulties in interpretation of thiocvaiiate space values wo have loutincly used 
them in this woiK although we aie at picsent eriticallv evaluating the tliio 
cyanate space in patients showiiio abnoiinalities m viatei metabolism 

This stiulj of human heiiigs is divided into thiee paits a studj of two 
normal subjects, three cases of protein depletion, and a rather detailed studv 
of the rehabilitation of two eases of protein depletion bj the use of veiv high 
protein intakes of the order of magnitude referred to as lijpeiproteinization ’ 
in this labontoi'j ” 

Heieimftei the thioejanate space will be designated &C^. S the per kilo 
gram tliiocjamte volume, SON S/W the total bodv water, TBIV, and the per 
kilogiam bodj watei, TBIV/Wt 

VIETHOD 

BON S * mtiogen balance, and general metabolism techinnucs were carried 
out as desciibed pieviouslj from this laboiatoij ’ TBW was measured asmg 
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deuteiiuni oxide as tiacei A caiefully measuied volume of 99 8 pei cent of 
heavy vatei Mas deliveied slowly fiom a buiette attached to an mtiavenous 
needle and a quantity injected sufficient to bung the coneentiation of D O in 
the body fluid in the lange of between 0 1 pei cent and 0 2 per cent Ten inilli- 
litei samples of blood weie diawn at one, two, and thiee houis folloiving in- 
jection of DoO It the patient had had pievious injections of heavy watei, an 
initial 10 ml sample of blood ivas necessai y as a blank The D O concentration 
leached equilibiium in less than an houi, confiiming a snnilai obseivation of 
Mooie The thiee samples of blood may thus be tieated essentially as tripli- 
cates The blood uas tiansteiied to 125 ml flaslcs equipped Mith giound-glass 
joints ivhich weie piomptly stoppeied The blood was then fiozen as a fllm in 
the inside suiface of the bulb by lotatmg the flask sloivly in a Dewai flask filled 
with tiushed dii ice No oiganic liquid was evei mixed with the diy ice to 
foim a fieezing mixtuie, and oiganic vapois in the laboiatoiy w'eie seiupulously 
avoided to pievent contamination of the watei samples The flaslis weie lapidly 
attached to a vacuum distillation appaiatus such that the watei which was 
lyophilized fiom the blood was condensed in a tiap cooled by diy ice This 
watei was puiified liy a modification of the method of Keston and co-wmikeis 
Both the samples and the standaids w'eie passed thiough an electiic furnace 
m an atmospheie of liqiud an oxygen in oidei not only to oxidize the oiganic 
impuiities piesent, but also to adjust the 0*VO*® latio fiom that of “watei” 
oxygen to that of “an” oxygen The w'atei was then distilled fiom 15 ml 
flasks attached bv means of giound-glass joints to a small condenser The 
samples weie distilled aftei adding a few ciystals of potassium peimanganate 
and a tiny fiagment of dij potassium hydioxide Since at this stage the volrnne 
of the watei is 5 ml , one need not feai deuteiium exchange with the leplaceable 
pioton of the alkali An aibitiaiy middle fi action wxas collected from this 
distillation in 10 ml glass stoppeied weighing bottles (This distillation is 
best not done on humid dajs ) Tlic coneentiation of the deuteiium was then 
deteimmed by a modification of the falling diop method of Keston, using instead 
of the meicuiy filled capillaiy pipette wdneh has liitheito been used by othei 
workei-s, a constiietion pipette of the type desciibed by Levy This pipette 
has the advantages of gieat lepioducibihty, ease of constiuctiou, and fieedom 
fiom the evei-piesent dangei of an leaks which can occur with the meicuiy 
column pipette The one-, two-, and thiee houi samples show an aveiage devia- 
tion fiom the mean of 3 per cent Times of fall, in the coneentiation laiige of 
0 1 to 0 2 pel cent, D 2 O, agieed on an aveiage of 0 2 second (01 0 002 pei cent, 
DoO) Tempeiatuie wms contiolled to ± 001° C 

EXPERKMENT IL SUBJECTS 

Tlie normal subjects, H and T, nere members of our own research team (Table I) 
The four depleted subjects, D, F, B, and C, «ere patients in the metabolic ward of the 
Third Surgical Sen ice of the Belleiue Hospital D and F liad carcinoma of the tongue 
and granuloma of the sigmoid respectnely In these ti\o only initial determinations were 
made In both B and C, senal determinations «ere performed during diftereiit pluses of 
repletion Abstracts of the histones of these last two subjects appear below 



DFUTHRIUM OMDE VND TIIIOC^ VN VTE SI ACES IN 1 ROTEIV DEPLETION 6S3 

iABLE I Total Bod\ \\ \ter \nd Kelated Values ot Two Nofmvl \nd Four 
Depleted Subjects 


SUBJECT 

VVT 

(KQ) 

SCN S 
(LITERS) 

SCN S 

1 ER KO 
(CC ) 

TBW 

(LITERS) 

TBW % 
WT 

IW 1 

(tbw 

C\8) 

(LITERS) 

TBS 
(WT 
TBW) 
(KO ) 

nv/ 

TBS 

H 

91 

21 7 

238 

50 0 

54 9 

28 3 

41 

09 

T 

72 5 

21 1 

291 

42 4 

58 5 

21 a 

JOl 

71 

D 

47 3 

20 0 

436 

31 1 

Oo 8 

10 5 

16 2 

65 

P 

44 5 

20 6 

463 

33 0 

70 4 

n 0 

10 9 

1 19 

B 9/ 5 

50 7 

20 3 

410 

37 0 

73 0 

lb 2 

13 7 

1 18 

10/ 2 

52 7 

19 4 

349 

331 

02 8 

13 7 

19 0 

70 

11/13 

59 3 

20 4 

344 

351 

59 2 

14 7 

24 2 

61 

G 9/29 

39 3 

10 7 

425 

20 9 

68 o 

10 2 

12 4 

82 

12/18 

47 3 

161 

340 

28 2 

59 6 

121 

19 1 

03 

1/21 

50 0 

10 7 

334 

28 3 

oi) 0 

11 b 

21 7 

53 

3/ 1 

13 9 

13 9 

_0o 

28 4 

54 1 

14 u 

241 

60 


bCN S sodium thiocyanate space 
TB'\\ total hod> \\atcr 
I'W Intracellular watci 
TBS total body solids 

Subject B — V 39jearold colored iimu whoso prejnorbiLlit\ weight was 710 kilograms 
had swallowed he in a suicidal oiTort on April 6 1947 Prompt oniergencj treatment was 
given, but an esophageal stricture dc\ eloped and on Julj 8 lus weight was 53 kilograms, 
total plasma proteins were 0 io Gm per cent Hgb 11 Gin per cent and BBC 3 9o0 000 
On Julj 19 gastrostomy was done and the patient was hjpernlimentatcd through tho 
gastrostomy opening m an effort to restore the nutritional btatus His gam m weight and 
strength was quite satisfactors a-* cui be seen in Table I and on November 13 he weighed 
59 3 kilograms, had improved ereuth m strength and tlie plasma proteins were (3 8 Gm per 
cent, Hgb 13 8 Gm per cent and BBC 4a40000 On J ui lo 1948 u transthoncic 
esophageal resection was done with closure of the gastrostomy 

Subject C — ^A 53 year old Chinese man whoso prcmorbidity weij^ht had been 60.5 kilo 
grams was admitted to Bellevue Ho'^pital Psychiatric Service July 7 1947 after he made i 
suicidal effort at another hospital where he had undergone Inparotomy for duodenal ulcer 
with bleedmg At that time Hgb was 4 7 Gm per cent BBC 117 million and 2+ ankle 
edema was present On transfusion of blood and administration of prottm hydrolysate the 
patient became rational and was up and about tho ward on July 20 On Vugust 19 an 
infradiaphragmatic vagotomy with gastroentcrostoroy was dono and tho patient was sent 
to the metabolic ward to be reliabilitated 'Jince his weight was 35 9 kilograms D, F, B 
and C had lost 36 38 28, and 36 per cent of body weight 


RESULTS 

All c\ample of the icproducibilitj of icsults obtainable with the method of 
determining TBW is seen on e\amiiiation of the data obtained fiom the noimal 
J>ubjects H and T 

nouns AFTER D,0 SUBJECT U SUBJECT T 


1 

491 

42 9 

o 

513 

43 0 

3 

49 6 

413 


50 OL 

42 42 


H had a total body \\ater of 55 per cent of his body weight If the con 
cept of lean body masb“ is correct, and 73 2 pci cent of this man’s lean mass 
lb water, then lean mass is 68 3 kg , and his fat content 22 7 kg , or 25 per cent 
of body weight His model ate obesity evplains his somewhat low water con 
tent 
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The extiacelhilai fluid volumes for H and T weie 21 7 and 21 1 lespectively 
The latios ot thioe\anate space to weight (CNS/W) weie 238 and 292 ml pei 
kilogiam It mil be noted that the thiocyanate space lepiesents 43 4 and 50 
pei cent of total body watei 

As may be seen in Table I, all of the depleted subjects showed expanded 
SCN-S at the initial test, the initial pei kilogiam values all beuig ovei 400 ce, 
and the latio SCN-S/TBW being 66 3, 614, 56 2, and 62 lespectively, while m 
the two noimals the coiiesponding \alues neie 50 and 42 4 This expansion of 
the SCN-S has been lepoited b^v othei woikeis, among whom must be mentioned 
Lyoiis,'’^ Mollison,^'* Waltei's and associates,^- Henschel and associates,^® and Co 
Till and co-noikeis 

The latio TBW/Wt is also worth noting In the two noimal subjects this 
value nas 0 550 and 0 585 In the foui depleted subjects (D,F,B, and C) this 
latio ranged fiom 0 655 to 0 730 

If the SCN-S were a faitliful lepiesentative of the extiacellulai space, it 
■would be possible to calculate the degiee of hydiation of the mtiacellulai com- 
paitment This could be achieved by obtaining two faetois (a) the total body 
solids, TBS, by subtiacting the weight of the TBW fiom the body weight, and 
(b) the mtiacellulai watei, IW, which can be obtained by subtracting the 
extiacellulai volume fiom tlie TBW The latio IW/TBS would lepiesent the 
hjdiation of the mtiacellulai conipai tment, assuming that all but a negligible 
poition of the body solids weie m the mtiacellulai compai tment While fully 
awaie that it may be piematuie at this point to assign any value to this latio, 
one IS neveitheless tempted to attempt some speculation m this diiection The 
IW/TBS latios m the two noimal subjects weie 0 69 and 0 71 In thiee of the 
depleted subjects (P, B, and C), the coiiesponding values weie 1 19, 1 IS, and 
0 82 lespectnely In D it was 0 65 If these values weie m fact coirect, they 
would suggest an inconstant state of mtiacellulai hydiation m piotem depletion 
111 view of the gieat vai lability of the plasma volume, body weight, and clinical 
edema demonstiated m piotein depletion by Denz,®' this possibility would be 
inteiestmg to follow up in futuie studies 


TjVble II Pkemokbidit\ asb Puesent Total Bodi Solids of Depleted Subjects 


SLBJECT 

I PEMORBIDirY 
■\\ T ( KG ) 

EIGHT LOSS 
(%) 

TBS, 

TBS 

PER CENT 

TBS LOSS 

D 

7d 9 

30 

29 56 

10 2 

48 

F 

71 8 

38 

28 70 

10 9 

62 

B 

70 4 

28 

28 10 

13 7 

51 

C 

01 4 

30 

24 50 

12 4 

19 


TBSi prtmorbi(lit> TBS (estimated) 


In Table II the piemoibiditj total bod> solids TBS^ computed as 40 pei 
cent of the weight of the toui depleted subjects are set foith against then 
piesent total body solids, TBS calculated fiom the piesent body iveight and 
the deteimmed total bodj' watei It will be seen that the peicentage tall m body 
solids was in e\eij case liighei than the jicicentage fall m body weight and that 
m one subject, F, this fall was as high as 62 pei cent If this type of calculation 
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IS \dUd, this meins tint 68 pel cent of tlio suhiect’s 1io(l\ substance has been 
lost In tins connection, it is sioiiificint that in tlic subjects B and C in whom 
send! detciminatioiis imc made duiiiig leplelion the i dues of TBS loso con 
sistcnth as leidclion piOoiosscd and that TBW/\Yt, IW/TBS, and SON S/W 
diopped 

It Mould also he of inteicst to „iiii an ippioMin itc knowledoe of the state 
ol total bodi fat both in depletion ind diiiing leplctioii Since seieielj ill 
piticnts in ij not toleiate the pioecduio of total bodi fat doteiminatioii bv 
specific giiMts method, one niaj mike an ippiovinuitioii of this value bj as 
snniing i constant lelationshij) betiiecn lean bodj mass and total bodj nater 
111 the noimal iiidiiidn il as done bi Pace ind co Moikeiv 

One nia> assume that subject B «as ‘ noinial ’ on November 13 His lean 
bodj mass mij then bo computed since, accoiding to this concept, 0 732 x 
lean hodj mass = total bod\ luitei This Mould gne a lean bodj mass of IS 
hg at tills time oi i total fat of 11 3 Kr, , which Mould amount to 19 1 pel cent 
of the total body Meiglit 

1 10111 the poiiod Soptemliei 5 to Novembei 13 B ictained about 1,100 Gm 
of iV 01 6 9 Kg of piotein The total Mcioht gun was 8 6 Kg, iiid total body 
Matei decioased bj 2 kdogiams Since the gain in total solids Mas theieforo 
10 6 kg 3 7 kg of fat must hue been foimcd dunng tins poiiod Piom tins 
gam of 3 7 kg m fat mo can loason that on Septombei 5 tlie total fat was 7 6 
Kg 01 119 pel cent of bodi m eight at that time 

Our mtiogen letcntion data on subject C aie not complete enough to 
Maiiant estimation of chaiigcs iii fat and piotom content 

Such caleulatious make one incieasiii„h an ne of tJie desiiability of an 
independent method ioi measmitio total bod\ fat Dining the process of re 
piction, tlie Matei content of the bode evpicssed as a peicentage of body weight 
IS inlliienced lij the loss at evtiaccllulai fluid, the leteution of nitiogeii the 
piesumptive leteution of Matei mIucIi should occur Mitli mtiogen retention to 
foini muscle, and the gain in fit These aie factois mIucIi have been Mcll 
evaluated in the cucass analysis studies of Bcnditt and assocuites^® in the lat, 
but Mlneh lemain difficult piobleins in the human being 

In our MOik MO vveie not able to obseiae tiic retention of vvatei coiiespond 
mg to nitiogen letention In oidci to preseive osmotic efiiiilibiium it is le 
gulled that 3 Gm of ivatei be retained foi even giam of piotem formed but 
actually it appeals that in the pioccss of depletion, piotoin may be lost at a 
fastei late than Matei, and it niaj well be timt the paitiillj ionized jictassium 
compounds mIucIi have been postulated as occiuiing in intiacellulai water 
defend tiio osmotic integutj of the cell by fuithei dissociation when protein is 
lost 

COMMENTS 

Tins prelmimaij woil is bein„ lepoited because to oiir 1 noMlcdge it is the 
first attempt of its Kind in the stiidj of the body compartments and constitu 
ents m piotein depletion It has alreadj deinoustiated that theie is a piofound 
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distuibance m both the body constituents and compaitinents m piotein de- 
pletion, distuibances which ha-ve been assumed heietotoie but have not been 
susceptible of diiect measurement The distuibance in watei metabolism does 
not seem to be m the SCN-S alone, but seems also to extend to the intracellulai 
compartment as well 

We wish to thanlv Dr A S Keston of the Department of Biochemistry, New York 
University Medical School, for his interest in and helpful advice throughout the course of 
this work 

Grateful acknowledgment is made of the allocation of deuterium oiide by the Atomic 
Energj Commission 
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PARENTERAL NUTRITION 

VIII Thk Yasodfprfssor AcTivir\ of Soybean Phosphaude Prep^vrations 


Robert P Geaeu, Ph D , Donald 3»I Watkin, M D , 

LeRo\ W jMatthew s, B S , and Fredrick J Stare, M D 
Boston, jMass 

I N PREVIOUS lepoits fiom this laboiatoiy the piepaiation and nse of emul- 
sions of fat foi intiaienous nutiitional piuposes haie been described^’" 
Vauous emulsions contaimii" soibean phospbatides as the stabihzei have been 
gnen successtully to the rat, dog, and labbit It was cleaily shown m these 
studies that tat gnen in this mannei is well utilized foi eiieigy Moie lecently, 
studies using tat labeled nith C“ ha\c confiimed the utilization of fat in emul- 
sions gnen intiaienouslv ^ ^ 

The onh adveise psjsiologic effects which weie evident when fat emulsions 
veie gnen to dogs intiavenouslv weie occasional nausea, vomiting, and exces- 
sne salivation vheii the initial intusions weie given too lapidly and a moderate 
iioimocytie anemia’ if the fat mfiisions iveie continued foi a peiiod of two to 
thiee weeks oi longei The anemia lapidR disappeaied, hoi\e\ei, when the 
infusions vcie discontinued Measuienients of the blood piessuie of dogs by 
ail oidinaij sphvgmomaiiometei disclosed no significant alteiations fiom noinial 
Howevei, in a few pieliminaiv obseivations in man following the intiavenous 
injections of these fat emulsions, a fall in aiteiial lilood piessuie occasionally 
lesulted Befoie continuing with clinical studies, obseivations weie undei- 
takeii in whicli the cat was used in oidei to obtain moie information on this 
lasodepiessoi phenomenon The expeiiments lepoited m this papei weie de- 
signed to (1) deteimine the oiigin and charattei of the vasodepiessoi acti\ity, 
(2) eonipaie moie iigoiously the species vaiiation with lespect to the vaso- 
depiessoi action, and (3) investigate possible methods of lemoiing the vaso- 
depiessoi substance 


EXPERIMENTAL 

Methods — 

1 ileasuremeut of arterial blood pressure was done m the usual nnimor The carotid 
arterj of tlie anesthetized (Nembutal) animal was eannulated and bj means of a citrate 
filled system was connected to v meicur\ manometer provided with i moiing stilus Record 
mgs were made on a smoked piper drum attached to a kimograph In minj cases, con 
current pneumogripli rccoidings were ilso t ikcn * 

2 Injection of tlie test substance w is done as follows A glass cannula was inserted 
into the feiiioril \ciu ind b> meins ol a narrow bore rubber tube was connected to a 
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burette ulucb contained either 0 0 jnr cent soilmin ehlondc or 5 per cent dextroso solution 
Tho teat nntcrml « la injected from i suit iblc B\rm 5 ,c throuj^h a short Iso 24 needle ssbich 
was inserted is far as possible tliro«j,h the rubl)cr tube do e to the cannul i Iromcdintelj 
after the injection and before withdruvil of thi. mcdle 1 to 2 ml of tho solution from the 
burette ucro alloutd to run in as ripidlj is pos iblc Iho B)rm(,e uus then quieklj witli 
draivn 

3 Fniulsificatioii of the ttst niattnil usunlh ms Ktoniphslied m one of the following 

\\aj8 (i) atirringf with a nirt. stirrer at 4 <M>0 rpm find 00° C for four to seicn minutes 

(b) blending m the vnng Blendor at high »|mc< 1 and it 70 to 00° C for ono to fuc 

minutes and (c) first bkniliu„ is under fb) and then homOr,cmiiu^ m a high prc‘>suro 

homogenizer* under nitrogen at 3 ><10 to 4 UfiO ps i jnd 83 to ‘>0 C for five to fifteen 
minutes ^\llore modifii ntions of tin s< methods were useil the changes are indicated 
Tomcit\ Mfis nchieied Ih the addition of nahne or dextrosi to giMJ a final concentration of 
0 9 and a per cent respect iich \ ljustment of pH ms aieomplishcd with disodmm phosphate 

4 The fat cmul8if\ing propirtiis of the \ inou>* frictions of sojbean phosphatidcs were 

determined in tho following nmmt r One bier of an kjuious mixture containing 3 per cent 
of tho phosphatide frnitiou lo pir unt locomit oil and 4 7 pt r cent dextro o v\as homo^cn 
izcd under lii^h pressure bj the tulmiqu* jireiiouslv do « nhed « but using the homogenizcr 
referred to m the preceding parigriph Ihsolium acid phosphate was u ed wlien necessnrj 

to adjust the pH ^Mion tiu risultmg iiiml ion w is of fine partulo sue as judged bj 

niicroacopic exumination i simple w is autodived and igain cvimined for particle size 

Onijin and ( liatacici of the t aiodrpie‘<<ioi Iction and Vanaiwn Between 
ipccics — Puhminau blood iiKstime measurements on the eat indieated that 
for this species a niaibcd decreist m piassiirt oceiiired mIioii eicn small 
quantities of an emulsion (I nnilsion lb)' (ontaiiiiiig 3 per cent of a purified 
sojbean phospholipid friction wcie injected lapidlj This emulsion contained 
coconut oil 15 pci cent fiattimi B(I 2) 3 pci cent dextrose 4 7 pei cent and 
iiatu 80 pel cent (weight ''\ohiinc) It \ias rcndih sppaieiit that a greatly 
decicased response icsiilttd \ilun a „ncn dose tias administered foi the second 
tirat cicn thoUoh as miieli as lluitv nimutcs elapsed hetuetn the tiio injections 
To dotormino iihetliei oi not the sot bean phosphatide stabilizei fraction B 
(F 2) * ttas icsponsible foi the tasodepressoi activitj of the fat emulsion a 
3 per cent emulsion of this niatenal ttas picparcd bj high pressure liomogeni 
zation iinde isotonie to lat stiiim ttitli destiose and autoelated for fifteen 
minutes it 15 p s i in a piessiire bottle fillesl ttitli nitrogen Small quantities 
of this piepatation ttere injected into a cat and the dcpressoi lesponse ttas 
found to lie similar to that olifaiiicd ttlicn Dmulsiou 35 tins administered 

Blood picssuro studies ttcic undertaken usiii^ the do„ rabbit and rat as 
tost animals m addition to the cat All blood pressiiie lecordni^g treio taken 
111 a mannet similar to that used foi the cat ttitli the exception of the rat Foi 
tills species it ttas necessary to use a capillary nnnometei and record the pres 
suie changes visually Neitliei tlie fat emulsion (Emulsion 35) nor the 3 per 
cent emuision of tlic pliospliatide fiaction B(l''2) ttas elfectite in loitering the 
blood piessuie of the lat rabbit oi do^ more than 15 mm even tihen laige 
quantities tteie injected as lapidh is possible Table I sliotts a typical response 
obtained ttith tlie cat dog lahbit and rit to the injection ot a blended 6 per 
cent pieparation of the phosphatide fiaction B(r2) It is leadily appaient 

Manton GauUn llomog-enlzer Model Vo 75 CGD aianton GauHn Manufacturing Com 
pany Inc 44 Garden Street Everett 49 Mass. 
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that the eat is fai nioie susceptible to the depiessoi activity and hence in all 
subsequent testing for vasodepiessor activity the cat was used 

Table I Hesposse oi Vvruous Species to the Vasodepressor Present in Phospiiatidi 
Fr^vctions M\df Fpom Coiiuercivl Soabein Piiosphatides 



1 

1 


EIGHT 

1 



i 



OP PR \CTION 

BLOOD PRESSURE 


BODA 



I\ JECTED 

RESPONSE 


WEIGHT : 



(MG /KG 

DECREASE 

INCRE\SE 

SPECIES i 

(GM ) 

MATERIAL INJECTED 

(ML) 

B W ) 

(MM ) 

(MM ) 

Rat 

225 

Blended G% fraction B(P2) 

1 0 

277 

— 

— 



Blended 6% fraction 70 f 

20 

554 

14 

— 

Rabbit 

3,100 

Blended 6% fraction B(P2) 

20 

39 

— 

4 



Blended 6% fraction 70 f 

1 2 

23 

8 

— 

Dog 

7,000 

Blended 6% fraction B(F2) 

1 10 0 

86 

15 

— 

Cit 

1,500 j 

Blended 6% fraction B(F2) 

0 1 

4 

56 

24 



Blended 1 2% fraction 70 f 

01 

08 

46 

— 


Since it was eiident that the phosphatide piepaiation B(F-2) eontiibuted 
the vasodepiessoi activity, a numbei of the pieeuisois of this fraction neie 
investigated to deteimine whethei the depiessor was present originally in the 
SO} beans oi vas mtioduced at some point during the process of manufacture 
The following mateiials were tested in the cat foi vasodepiessor activity 

1 Freshly prepared soybean piiosphatides obtained bj extracting 2 5 kg quantities of 
ground dried soybeans for four successiie three hour periods with 3 liter portions of boiling 
redistilled petroleum ether The combined extracts were concentrated in lacuo to a volume 
of approximately 200 ml and 1 2 liters of anhydrous acetone were added and the mixture 
was allowed to stand overmght After decantation of the clear supernatant liquid, the 
residue was dissolved in 40 to 50 ml of ether, filtered, and poured into 500 ml of acetone 
The precipitate was filtered off after standing for three hours and was then dried in vacuo 
at room temperature A 1 5 per cent emulsion of this material was prepared by the 
stirring technique, wath dextrose present for tomcity, and examined for depressor activity 

2 An autoclaved portion of the 1 5 per cent emulsion of the freshly prepared soybean 
phosphatides 

3 Freshly prepared soybean phosphatides which had been allowed to stand in air for 
four days at room temperature and which were then emulsified at a 3 per cent concentration 
using the stirrer technique Dextrose was added for tomcity 

4 Fat emulsion stabilized with freshly prepared sojbean phosphatides and prepared 
b> using the homogenization procedure described preiiouslj ^ The emulsion contained 15 per 
cent refined corn oil, 2 per cent freshly prepared soybean phosphatides, 5 per cent dextrose, 
and water 

0 Commercial Liquid Lecithin* emulsified at a 6 per cent concentration by the blender 
technique with dextrose present This emulsion was not entirely stable and, therefore, only 
the portion which remained m true dispersion was used m the vasodepressor tests 

6 Asolectint (commerciil sovbean phosphatides) emulsified by the blendor procedure 
at a G per cent concentration using dextrose for tomcity 

7 Emulsion 35 i 

5 &o}bem phosphatide fraction B(F2)i prepared in a 3 per cent emulsion by the 
high pressure homogenizer method using de vtroce for tomcity 

9 Soybean phosphatide fraction B(r 2) prepared m a b per cent emulsion by the high 
pressure homogomzor method using dextrose for tomcity 

•Uauid Lecitlun Robinson-AV agner Companv Kew A ork N A 

fAsolecUn was generously supplied by Dr Albert Scharf of Associated Concentrates Inc 
Woodsido Long Island N A' 
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Table 1 L ErprcT op Viniors SoiBEW PnosramDE Pbepaiutions om the Blood 
Pbeesobe op tjie Cat 




! PEP CENT OP I 
1 PUOSPHATIPE 

VOLUME 

1 eVT ! 

BLOOD PRESSURE 
RLSPO’^BE* 

SO 

1 

1 MATEni\L 

1 rnacTiov 
! (wtAol.) 

IVJECTED 

(MU) 

\0 1 

vrv 
(KC ); 

DECPEASE 
(MM ) ; 

(IVCRE^SE 
(MM ) 

Bjl 

Freshly prepared 80 }bean pho 
phatides 

No 1 autoclaved for ]5 min at 

lo 

08 

1 

0 07 

— 

10 


15 

08 

' 1 

097 

— 

18 

M 

15 p s I 

1^0 1 allowed to stand la air at 

! 30 

04 

1 1 

0 97 

24 



H 

room temperature for 4 days 
[No 1 + 15% corn oil ns an eniul 

20 

i 05 

o 

2 30 

6 

I 

Wm 

sioa 

Liquid lecithin 

60 


3 

0G7 

10 


Hl^l 

Asolectm 

60 


4 

1 CO 

28 

— 

WrU 

Fraction B(F2) + lo% coconut 

30 


5 

2 00 

^ 50 

— 

n 

oil as an emulsion — Emulsion 
35 

Fraction B(F2) 

1 

30 

04 1 

j 

2 00 

i 46 


1 

Fraction B(F2) 

First injection 

Second injection (16 min 
after first injection )t 

Third injection (18 min 
after first injectionjt 

f 0 

i 

1 0 1 

8 ; 

1 oo 

77 

IS 

10 

— 


•Rotcrs only to the initial response 

tin each ease tho blood preaaure had returned to normal prior to tlie injection 


These preparations were injected into cats as described earlier, and blood 
pressure recordings weie taken In addition, Preparation 9 ttas injected 
scteral successive times into a cat to test for taeJijphvJaxis Tlie lesults, to 
getter uitli pertinent data are given m Tabic II It is seen that the depressoi 
activity 13 piimanly in tho phosphatide piepaiations but is not present in 
freshly prepared mateiial, eien after autoclaving Repeated injections of the 
phosphatide material lesult in greatlj deci eased vasodepressoi responses Pig 
1 shows a typical response obtained with the cat to the lepcated injection of 
a blended 6 per cent piepaiation of the phosphatide fraction B(P 2) 

While the experiments already desenbed were in progress, other expeii 
ments were concurrently iiiidei taken for the purpose of fraotionatmg the com 
mercial soybean phosphatide piepaiation known as Asolectin and the phos 
phatide fraction prepared fiom it known as fraction E(P2) from two stand 
points, namely, (1) to prepare if possible, a depressor fi ee phosphatide ft action 
which would still be a suitable emulsifying agent and (2) to concentrate the 
vasodepressoi substance (s) and determme some of its charaeteiisties 

Tile initial studies were made on jiliospliatidL fractions already on hand 
These fractions had been prepared some montlis earliei m connection with fiae 
tionations of Asolcctm designed to icmove the material winch had caused the 
granulomatous lesioms repoitcd ip eailiei woik* and had been stoied at -8° C 
during the ensuing months The preparation of fractions A(I? 1), B(P 1), 
and C(P1) have been repoited* Since the preparation of fractions D(P1) 
and E(P 1) from B(P 1) was not given previously it will be described here 
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VASODEPRESSOR EFFECT OF SOYBEAN PHOSPHATIDE GIVEN IV 



5 SECOND INTERVALS 


— Response of blood pressuie to repeated intra\enous injections of 1 0 ml of a 8 ner 
sojbean phosphatide fiaction B(P-’) cat No S (1 C kg ) Time betv^een in- 
jections I and • was sixteen minutes Time between 2 and J was eighteen minutes 


Preparation of D(F 1) and E(F-l) 20 5 Gm of fraction B(F1) were completely 
disaolrea in 240 ml of dry clilorofoim and the solution was fllteied Three hundred aiAty 
milliliters of 35 pei cent ethanol were added slowlj watli shaking, and the light tan precipitate 
which formed was filtered oft, dissolved in 100 ml of clilorofoim, and reprecipitated by the 
addition of 150 ml of 95 per cent alcohol This material, fraction E(F 1), was dried in 
vacuo and weighed 13 7 grvms The combined filtrates were concentrated to diyness in 
vacuo and violdtd G Gm of fraction D(F 1) 

Each of the vanous li actions was blended, with dextiose piesent, and the 
vasodepiessoi activity was tested in the cat Table III gives the lesults of these 
studies along with an ev^aluation of the emulsifying piopeities of the vanous 
ti actions The choline content of some of these fi actions was detei mined by the 
method of Engel" and is included in tlie table since it selves as an indev ot the 
amount of lecithins piesent Lipositol piepaied accoiding to the pioceduie of 
Woollev ® was also included in these studies, and it was found to be no moie 
active than the lipositol-low , alcohol-insoluble iiactions 

The lesults obtained witli all ot the loiegoing piepaiations indicated that 
the depiessoi substance was piobabh a degiadation pioduct of one ot the 
phosphatides tound in soj beans -•\lthough the almost complete lack of solu- 
bility ot the depiessoi substance in alcohol negated such compoiuids as fiee 
choline, etlianolamiiie, and maiij ot then simple deiivatives, some of these 
compounds weie tested in the cat and the lesulting eftect upon blood piessuie 
was compaicd with that ot the unknown depiessoi The charaetei ot the cuive 
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CiiAPT I Ff vcTio^ vTioY OP Soybean Phosphatide Fraction B(F2) Sohfmf 74 


too Gm Fraetion B(F 2) 


Extracted for 2 live minute periods with 95% etliyl 
alcoliol (00 05° C) in the Waring Blendoi at high 
“speed Filtered and washed witli alcohol 



Extricted in a siniilai manner with absolute 
iiiethvl alcohol Filteicd 



Extracted in a similar iiiannei with 95% ethjl alcohol 
which contained 1 ml concentrated HCl per 100 ml 
Filtered Residue washed well with neutral alcohol 



ot the blood piessme i espouse i\as not similai to that of the mateiial m the 
soybean phosphatide tiactions, and the extieme taehj pin laxis ivhieh lesulted 
on lepeated mjection ot phosphatides was also absent 
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The follownio pitpaiatioiis also ^\ele made and tested foi depiessoi 
ictivity 

1 A dialysate of tlie fruLtion B(F2) prepared dialyzing a 0 per cent emulsion of 
tins fraction against distilled water through a thin Lollodion membrane and concentrating 
the dial} sate to tho \olume of tho original emulsion This material was mnctiie, whereas the 
residue was still completelj active 

2 Ten millibters of Emulsion 35 placed in a 15 ml test tube and to which 0 5 Gm of 
sodium chloride was added Tlio tube was heated at 70 C for five minutes and then cen 
tnfuged while hot The aqueous lajer was tested for aeti\it} and was Lorapletely inactive 


la 3 + 



SIX SreOND INJERWU 

Pig ■’—Effect on blood pressure of route of administration of soybean phosphatide frac 
tion 70 f cat No 9 ks ) 

f 0 1 ml 2 5 per cent 70 f Intravenouslj 
0 ml 2 5 per cent 70 f intraperltoneall} 

^ 2 0 2 5 per cent 70 f Intraperltoneally 
t 1 0 ml 2 5 per cent 70 f subcutaneously 

Further fractionations of the piepaiation B(F2) weie curried out by 
means of solubilities in \aiious solvents such as ethjl alcohol acetone, chloro 
form, and mixtures of these sohents but none ■was effective in concentrating 
the depressor to a sufficient degree Since the actituty in the earber fi action 
ations followed those fractions high in inorganic constituents separations were 
undertaken with acidic sohents Acidic ethyl alcohol proved to be best for this 
purpose, and although man> different fractionation schemes were earned out 
only one of the most successful is described in Chart I Tins fractionation of 
B(F 2) yields a mateiial referied to as 70 f which is a higlilj active depicssoi 
substance The results of the tests for xasodepressor actnitj using fiaction 70 f 
are given in Tables I and III The maiUed susceptibility of the cat to the -^aso 
depressor activity is weU sho^vn in the compaiati\e data in Table I 

Effect of Route of Admimst7aUon (Other lhan Inhaienous) on Depressoi 
■AcUvity of FtacUon 70 f — To dcteimme the effect of the loute of adminis 
tration on depressor activit> a 25 per cent emulsion of piepaiation 70 f was 
injected intrapentoneally into an anesthetized cat Tig 2 sliows the lesults of 
a typical expeiiment, and it is appaicnt that instead of causing a deeicase m 
blood pressuie, a piessor lesponse resulted Oial administration of this piepa 
lation as well as mti amiisculai and subcutaneous admmistiation was without 
effect Hence the depiessoi effect of the phosphatide fiaction is only evident 
when the material is guen intravascularly 
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E^ect of the Depios'iOi Substance on Duodenal Muscle — To cleteiiiimo 
\\hethei oi not the depiessoi mateiial had an effect on smooth mi^scle con- 
tiaetions, a strip ot lat duodenal muscle was connected to a le^ei in the usual 
mannei and uas nnmeised m owgenated mammalian Ringei ’s solution At 
Intel lals 0 4 ml of a 2 5 pei cent emulsion of fi action 70-f ivas added, in each 
case the Ringei ’s solution was changed before the addition Five pei cent 
glucose solution was used as the contiol The results of this expeiiment aie 

EFFECT OF DEPRESSOR MATERIAL ON SMOOTH MUSCLE CONTRACTION 


1 a 3 + ? 6 



S SECOND INTERVALS 


Fig, 3 — Contr'iction of rat duodenal muscle to successl\e stimulation with 0 4 ml of an 
emulsion of 2 j per cent of soj bean phosphatide fraction TO f Volume of Ringer solution was 
200 miUlhteis Jt \Nds 5 per cent dextrose solution Time lapses bet^\een 2 and J 3 and and 
5 and 6 uere 5 C and 5 minutes respectnelj 

given in Fig 3 and it is ohseived that the depiessoi mateiial gives use to a 
marked contraction of the muscle and that the contiaction decieases with 
lepeated addition of fraction 70-f 

DISCUSSION 

The so\bean phosphatide fraction B(F-2) described previously^ for use 
as a stabilizei iii fat emulsions foi mti a venous nutritional purposes has been 
lound to possess a marked vasodepiessoi activity when injected into the cat 
This actlvlt^ s\as piesent in the commeicial soybean phosphatide piepaiation 
fiom s\hich this tiaction was obtained Since freshly prepared soybean phos- 
phatides had little such actiiity, vasodepiessoi substance probably is formed 
sometime duimg oi attei the process of maiiufactuie bj" ovidativc oi degiadative 
changes This mcv is supported by the fact that fleshly prepared phosphatides 
became actue depiessants vlien alloued to stand at looni temper atm e in contact 
s\ith ail 

The gieat species difteienee uith lespcct to this \asodepiessoi activitj uas 
ol interest In the cat, 4 mg ot iiaction B(F-2) pei kilogiam of body ueight 
caused a deciease in aiteiial blood piessuie of 56 millimeters Little oi no 
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effect ^va‘^ obtiincd lion c\ oi, hen 277 39 aii<] KG mg iinantities pei kilogram 
of bodj weight \\cre to the lat iablut and dog, lespectucK This differ 
ciice IS impoitaut m uoiK cO!iC(.imii„ iiitraiciious tot emulsions because the dog 
and rat aie the animsK iisnalh used foi testm„ such piepaiations Prom 
clinical studios it appeals that man is inoie scnsituc to the tasodepicssoi Ilian 
these tliiec species but less so tlnn the cat It is oinaous that it is desuable to 
test fat emulsions intended foi tlniical «st in -scieial species including tlie cat 

Seieial intoiestm^ chaiactenslics of the pattern of the blood piessme 
lesponsc to the saiious jihosphatide fractions hate been obseiicd One of these 
Mas the step like niannci in nhich the blood pt-ossiiie letuiaied to noinial This 
ranged all the waj fiom a slight pause or dip to a diop hack to the oiiginsl 
low In the lattei ease the ittnin pioiceded without am sign of anotiier 
stepwise lecent Such a step ))luHonuiion is not chaiactciistic of the itsponse 
to such compounds as accti chohiK histamine etc \nof her diffei once between 
the sojfacan depiessanf and the othii dtpicssint niateiials tested was the lela 
tvsel} oioat tachvplnlasas that octinrcd follow. ni„ the mitid icsponsc when an 
original drop of inoie thin 10 to 20 mm hid occniicd This tach>phila\is 
made the evact qiuntitatne valuation of the poltnci of iiiioiis picparations 
difficult but a fail eompauson was still possible In allowing a suitable time 
lapse between injections and lu usiiv a stauclaid injection of an cmtilsioii of 
the fiaotion B(P 2) is an indts ol the tacin pin lasis 

The lasodoptcs-soi sniistauce was not one of the known pbosphatides oi 
then simple degiadation pioducts such as free ethanolamme It was nondializ 
able through collodion and insoluble m watei alcobol ind aqueous aetd but 
soluble in acidified alcobol The use of the littci soKeiit cspceialh when hot 
maj have icsultod m laiioiis cstiaiieous clta\a„es but no appaient mciease in 
total ougmal dcpies-sor poteuci ocemred thion„h its use Pcibaps the acid 
functioned bj leinouii^ inoi„inu ions fiom the dcpiessoi and therein rendeied 
It or its hjdiochioiidc alcohol insoluble Paitial neutralization of the acidic 
solution caused the piccipitatiou of the depiessoi along with salts Ethoi ev- 
tiaction remoicd it fiom the lattei and jielded a light jellou nitiogenons 
material 

The effect of the depiessoi material in causing a coiitiaction of duodenal 
muscle suggests that the material could act direetlv on the blood lessel wall 
It IS of iiitciest to note that a deeicascd stimulation of the muscle stiip lesulted 
on lepeatcd application of the depiessoi The sustained elciatioii in blood pres 
sure ivlncb occurred when the phosphatide fiaetion 70 f was giien ratrapeii 
toncallj ma\ base resulted because ot stimulation of intestinal contraction 

Because of the lasodepicssoi iffect of phosphatide fiaction B(r 2) Eraul 
sion 35' IS not consideicd suitable foi elinical use though it is adequate foi 
experimental studies m the dog lat oi labbit Although pliosphatide fractions 
low in depiessor aetnit> could he piepaied these wcio cithei poor enmlsifjmg 
agents oi it tho> weic suitable as an cmulsifwin^ agent thei underwent 
changes on autoclaMii, that gase use to toxic effects I laction C(P 1) (Table 
III) IS a „ood example of a phosphatide fiaetion with no depiessoi letixitj 
good emulsifying nropeitics but one wliieli is unsatisfactorv following autoelav 
fflg In general it appeals that the more a phosphatide preparation la purified 
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the less stable it becomes to antoela\mg Fi action B(F-2) still lemains the most 
suitable of the so^bean phosphatide fractions foi stabilizing fat emulsions toi 
mtiavenous use Only approximately half of fiaction B(F-2) possesses good 
emulsifying piopeities, but the lemamdei of the piepaiation appeals to piovide 
stability to the fiaction dm mg autoclaving 

The question aiises as to uhethei fiaction B(F-2) can be used in a con- 
centiation of less than 3 pei cent (as it is used in Emulsion 35) and stabilize 
an emulsion, yet not be piesent in such an amount that a depiessoi effect will 
be obtained Emulsions containing 15 pei cent fat, identical in composition to 
Emulsion 35 except that fiaction B{F-2) has been i educed fiom 3 per cent to 

0 5 pel cent, liaie been prepaied, and they do not affect the blood piessuie of 
the eat Houeier, stabilit\ on standing and when added to plasma is not as 
gieat as dcsiied Puithei studies utilizing a eostabilizei in addition to 0 5 pci 
cent of fiaction B(F-2) aie lepoited in the following papei 

SUMMARY 

1 A soybean phosphatide piepaiation, B(P-2), piepaied foi use as a 
stabilizei toi fat emulsions foi mtiavenous nutiition has been found to possess 
\asodepiessoi activity m man and the eat, little such activity m the dog, and 
none m the lat oi labbit 

2 The depiessoi mateiial is not piesent in phosphatide fi actions fresldy 
piepaied but develops, on standmg, on contact with an It does not appeal to 
be acetylcholine, eholmc, ethanolamine, oi any simple deiivatives of these com- 
pounds The depiessoi mateiial has been concentrated consideiably 

3 Fi actions of phosphatide low in depressoi activity have been piepaied, 
but aie either iindesnable emulsifying agents oi are adveisely affected by 
autoclaving 

We iMSh to express appreciation to the following companies vliicli have supplied us 
generously with various materials used in this research The Upoohn Company, Kalamazoo, 
Midi , Merch and Company, Inc , Eahway, N J , Games Division of General Foods Corpo 
ration, Hoboken, N J , Wilson Laboratories, Chicago, 111 , Sheffield Farms Co , In- , New 
York, N Y , Corn Industries Eesearch Foundation, New York, N Y , and Anheuser Busch 
Co , St Louis, Mo 
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I N THE piecedmg p'lpeF it %\'is shown tliat the soybean phosphatide fiactioii 
known as B(P2) which was used to stabilize emulsions caused a vasode- 
piessor response in certain species particularly man and the cat, when used at 
a concentration of 3 per cent of the total emulsion Although \aiioiis depressor 
free fi actions could be prepaied fiom soibeau iihosphatides, the\ weie eithei 
poor emulsifying agents or wcie ad\ci*seh affected by autodaMiig Phosphatide 
fraction B(P2)“ remains the most useful stabilizing agent used m this 
laboratoi’y foi fat emulsions intended for intra\enous nutntion, but if it is so 
used it must he picsent m concentrations loss tlian 1 per cent if the emulsions 
are ultimately mtended foi clinical use m man Tlie purpose of this paper is 
to report obsenations on fat emulsions stabilized with 0 5 to 1 pei cent of 
B(P 2) with and without the use of a costabilizei, and prelimmaiy studies on 
the use in man of one of these fat emulsions guen ]ntia\enously 
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All emuisioaa nero prepared under mtrogea by tho IngJi pressure homogenization tech 
nique preciously described using a pressure of 3SOO to 4 000 psi and a temperature 
of 8 j to 92 C for fl\e to tea minutes Stcnluation was accomplished by autoclaving 
the preparations m tightly capped nitrogen filled bottles for fifteen minutes at 15 p s i 
The sue of the fat particles was ascertained by microscopic examination, and no emulsion 
Mas considered satisfactory from the vieu'pomt of particle size unless almost all of the 
particles nero beloiv 1 m size and no particles were observed larger than 4 microns 

The stabilizers used were soybean phosphatido fraction B(F2) and Demal 14* eitlier 
singly or m combination Coconut or corn oil in a final concentration of 15 per cent was 
used throughout The composition and cvaJunlion of those emulsions are given m Table I 
and it 13 seen tliat Emulsions 40 and 41 possessed the most desirable properties, le, very 
small particle size and no depressor eifect m the cat or any other adverse physiologic effect 
following injection Emulsions 40 and 41 contained 0 5 per cent phosphatide fraction B(P3) 
as stabibzer and 1 per cent Demal 14 as costabilizer Emulsion 40 was made Mith com oil 
and Emulsion 41 with coconut oil Since these two emulsions appeared to be most promising, 
only the experiments concerned with them will bo reported 


Animal Studies — Sik albino male rats weighing approximately 150 giams 
were injected daily with Emulsion 40 at a le\el of 2 0 ml per 100 giams bod^ 
weight Injections weie made through a tail ^cln while the animal was undei 
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etbei ancstheisia Tuehe to fouiteen dailj injections \\erc guen and one 
i\eeK aftei the last injection the animals -were aiitop&ied No gioss changes -v^eie 
m e\idcnce and liistologic sections ic\ealed no abnoimalitics Dining the coiuse 
of the injections i decieasc in hemOp,]obm fiom in a\eiaoe of 14 5 Gni pei 100 
ml to 12 0 Gin pei 100 ml occiiiied but a ictuni to the noimal \alues le&ulted 
during the postmjection peiiod AVei^ht gam during, the injection peiiod 
a\eiaged 2 4 Gm iiei daj 

A similai experiment was peifoimed with weanling lats and the lesults 
obtained substantiated those of the pie\ious stud^ 

Three adult female dogs weighing appioximatelj 9 kilogiams each weie 
fed ad libitum a diet which consisted of 7S pei cent Gaines Dog ilfeal 2 pei 
cent li\ei powdci ("Wilson 1 20), 10 pci cent biewers’ jeast, and 10 per cent 
crude casein All dogs weie weighed and infused dail> and hemoglobin 
hematoeiit, cell counts and li\ei function tests weie done at weekh inter\als 

Infusious weie begun with Lmulsion 40 containing 15 pei cent corn oil 
This emulsion was well tolciated b\ the animals in amounts of 3 Gm of fat 
pel lulogiam bodj weight per daj c\cii at infusion lates up to 10 ml per 
minute, and no vomiting lesultcd even duimg the initial infusions After an 
average of ten dajs howe\ci a distinct anemia was obscr\cd In two of the 
dogs, Emulsion 40 was replaced with Emulsion 41 identical m composition ex 
cept that 15 per cent coconut oil was the somcc of fat Emulsion 41 was also 
well tolerated, and quite unexpectedly the anemia of these two dogs (Dogs 1 
and 2) disappeaied almost complcteh although infusions were continued for 
many days The data foi each dog arc gi\eu in Table II and may be sum 
marized as follows 

Dog 1 received daily mfusiona of fat for a period of elevea weeks During the first 
fi^e weeks the preparation was a corn oil emulsion (Emulsion 40) gi%eu in a dosage of 3 
Gra of fat per kilogram per day and at rates varying from 5 to 10 ml per minute The 
Iicmoglobm decreased from 15 4 Gm to 12 3 Oni jicr 100 ml and the hematocrit from 43 0 
per cent to 30 5 por cent At this time tho animal's liemoglobin level was purposely re 
duced to slightly below 9 Gm/100 lul by bleeding A marked reticuloey tosis followed 
which demonstrated that the anemia produced by hemorrhage stimulated a reticulocyte 
response even though the animal had received daily infusions of fat for more than a month 
At this time the coconut oil emulsion (Emulsion 41) was substituted and used during tho 
last SIX weeks of the infusion period It was given in increasing doses of 3, 4 5, and 6 
Gm per kilogram per day as indicated m Table II There was a definite and rapid rise 
in hemoglobin hematocrit and ervthrocyte values during tho last five weeks of infusion with 
the coconut oil emulsion despite the fact that the coconut oil was finally given at twice the 
Itvcl that the corn oil emulsion had been infused Food consumption decreased as tho quantity 
of fat infused was increased The annual was sacrificed two weeks after the last fat 
infusion, autopsy disclosed no gross abnormalities lud microscopic examination of tissue 
wctiona showed no abnormalities 

Dog 2 received twelve daily infusions of tho com oil emulsion (Emulsion 40) m the 
amount of 0 Gm of fat per kilogram of body weight per day and at i rate of 4 to 8 ml 
per minute. By this time a definite drop in henioglobitt and hematocrit had appeared The 
fat infusions were stopped for four weeks by which time the blood picture had improved 
Daily infusions with the coconut oil emulsion (Emulsion 41) wore then started at tho same 
rate and amount as had been used previou ly for the corn oil emulsion Wiule the hemo 
felobm and hematocrit again decre ised during the next two weeks of infusion they began 



Table II Hematologic Data, Bromsulfalein Clearnce, akd Body Weights of Dogs Recehino Bat Bmulsion 
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to return to normal during the thud ind list week of infusion Dog 2 was saerifited two 
weeks after the last infusion and post mortem e\amin ition re\eilcd no bigmficant gross or 
inicrosoopic changes from the norinil 

Dog 3 receucd tweUe dailj infusions of the corn oil emulsion (Emulsion 40) at a 
level of s Gm of fat per kilogrun of bod> weight iier d iv ind at rates varying from 5 
to 10 ml per minute These infusions weie given, is it happened, during the list days 
of pregnincv On the twelfth dav, shoitlv after tlie infusion had been given, ai\ healthy 
puppies were born Fat infusions vveie continued for another twelve diys but at an 
increased level of 4 5 Gm per kilogram body weight, and despite the e\tri load imposed 
by nuismg, the hemoglobin ind houiatoirit values returned rapidly tow aid normal The 
data are given in Table II Four weeks liter this dog was in excellent heilth No autopsy 
was performed 

A supplemental y studv' was done with lats to deteimine whethei a diffei- 
ence between coconut and coin oil could be shown in this species with lespect 
to the deielopnient of anemia Two gioups ot ten lats each vveie injected 
daiW toi twenty -one days One gioiip leceued the com oil Emulsion 40 and 
the othei the coconut oil Emulsion 41 Hemoglobin deteiminations vveie done 
at tliiee- to foui-day uiteivals Both gioups developed a modeiate anemia and 
no signihcant difteicnce between the two emulsions was obtained 

Clinical Tnah ith Emuhion 11 — As a lesult ot the pieeeding animal 
studies, it was concluded that citliei Emulsion 40 ox 41 in which the stabilizing 
agents vveie 0 5 pei cent B(F-2) and 1 pci cent Demal-14 vveie adeciuate foi 
a caieful clinical tiial They could be steiilized by autoclaving, wcie ot small 
paiticle size, stable iii contact with blood, did not aftcct blood piessuie, and, 
except toi a modeiate and tiansieiit anemia, pioduced no physiologic oi patho- 
logic abnoimalities attei lepeated daily iiitusions foi iieiiods of seveial vveelcs 
The initial cluneal tiials vveie made with the intention ot deteiminmg the 
immediate leactions ot the patients and then toleiance to the late of adminis- 
tiation Balance studies to test utilization and the contiibution of infused fat 
to eneigy lequiiements vveie not attempted in these pieliminaiy, shoit-teim 
studies The fiist tliiee patients selected lepiesented clinical piobleins of a 
hopeless natuie, but which might at the same time deiive some benefit fiom 
the supplementaiv caloiies piovided 

Pattent 1 This patient was a 75 ye ir old worn in who entered the hospital in coma 
A hi'-tory was obt lined of cardiovastular disease of severil years' duration with symptoms 
of decompensation and signs of auricular fibrillation of three months ' dur ition Ex imi 
nation revelled a right hemiplegia The patient icmained seiiiiconiatose and unable to 
swallow Tube feedings used mitiilly were discontinued beciuse of vomiting and the danger 
of aspiration Although the patient could be kept by dinted with clysis, caloric insufficiency 
produced a weight loss of 33 pounds in the first six weeks of hospitalization and the patient 
becinie emaciated On the forty second hospital day, the patient was given 300 ml of 
Emulsion 41 (400 calories) in a period of 110 minutes The infusion was mide through 
i No 20 needle The equipment was arranged so that either the fat emulsion or a solution 
of 5 per cent glucose in water could be infused by gravity through separate ilurphy drip 
bulbs by adjustment of the valve of i three wav stopcock attached to the needle Control 
determinations of temper iturc, pulse, respiration, and blood pressure were obtained at three 
ten minute intervals while glucose was being infused, then the stopcock was turned so as 
to substitute the emulsion When infusing conscious patients, this arrangement allowed 
irbitrary choice of solutions without the patient's knowledge in order to better evaluate 
subjective symptoms 
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RESPONSE OF mTIENT I DURING INFUSION OF 
300 Ml OF FAT EMULSION (NO 41) INTRAVENOUSLY 
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Fig 1 illustrates the response of Patient 1 to this infusion and it is seen that no 
abnormal reaction Vfas observed There was no further change m the clinical status of 
this patient She uas transferred to a nursing home two days later 

Patient 2 This patient was a 78 year old woman admitted in a seniicomatose state 
with a lustory of two years of mild “strokes” and a gradual loss of consciousness twenty 
four hours prior to admission Physical caamination showed an obese, plethoric woman, 
with enlarged heart and liver, pitting, ankle edema, and a light hemiplegia The clinical 
diagnosis was multiple cerebrovascular thrombosis and generalized arteriosclerosis The 
patient lost weight rapidly on a regimen of parenteral glucose, protein hydrolysate, and 
saline 

On the ninth hospital day the patient was recovering from a mild infection and had 
a temperature of 100° F On this day 300 ml of Emulsion il were guen without reaction 
This amount was given on each of the succeeding seven days, amounting to 2, -100 nil in all 
Fig 2 illustrates the response of Patient 2 to these mfusions, and it is seen that there 
was no abnormal reaction During this period there was some improvement clinically of 
the patient’s sensoriuni 

Since previous ammal studies had indicated that continuous infusions of emulsions 
led to a mild anemia, this patient was followed with hematologic studies During the 
eight days of infusion the patient’s hemoglobin fell from 15 3 Gm to 12 0 Gm per cent 
The hematocrit fell from 51 per cent to 42 per cent This reduction of hemoglobin and 
hematocrit was undoubtedly due in part to the fat infusions 

Eleven days after the last infusion this patient expired and an autopsy was performed 
At this time the patient was described as poorly nourished Tho spleen, liver, and lungs 
were described as grossly normal Histologically, the lungs revealed ocvasional small areas 
of atelectasis w ith a few- infiltrating lymphocytes The liver cells showed a fine oy toplasmio 
vacuolization similar to the changes of starvation and protein depletion No granulomatosis 
or giant cell containing lesions were seen reminiscent of the lesions previously described in 
animals after infusions of some of our earlier emulsions s. ■! 

A fat tolerance curve done after the seventh infusion in this patient by tho turbidi 
metric method previously described^ indicated tho same prompt fall in concentration of the 
visible fat particles in the plasma as previouslv reported for rats and dogs 

Patient S Tlus patient was a 21 year old man in the terminal stage of glomerular 
nephritis There was a five year lustory of proteinuria Nine months previously edema 
had appeared, and for the prior two months tho blood urea nitrogen and blood pressure 
had been very high, with several convulsions before entry The patient was treated 
periodically in the hospital with an artificial kidney and maintained on a low protein intake 
It was felt that a source of nonprotem calories in high concentration might lessen the renal 
burden. On the sixth hospital day, tlus patient was given 600 ml of fat Emulsion 41 (920 
calories) in 120 minutes without reaction Tho emulsion used was a new batch which had 
been assayed for steribty, pvrogenicity, and infusion reactions in rats, dogs, and cats and 
found to be satisfactory in all respects The patient was alert and cooperative on this day, 
having been treated the previous day with the artificial kidney Ho experienced no subjective 
reactions and could not distinguish whether he was being infused with 5 per cent glucose 
or the fat emulsion On the following day another 600 ml of Emulsion 41 were given at a 
maximum rate of 5 ml per minute without reaction General clinical improvement was 
readily apparent, though how much of this was due to the treatment with the artificial 
kidney two days previously and how much due to tho fat emulsion could not be ascertained 
On the next day the patient was given a third infusion of 600 ml of Emulsion 41 and at 
the end of the infusion complained of chillmess Two hours later tho oral temperature had 
risen to 102° F Smce the patient had been on the artificial kidney that day and since 
four previous bottles of the same batch of emulsion had not produced pyrogenic reactions 
in this patient, the fat emulsion was not considered the cause of the temperature rise The 
response of this patient during the three days of fat infusion is given in Fig 3 

This patient’s climcal condition rapidly grew worse in the ensuing days and on the 
thirteenth hospital day he expired after a uremic convulsion An autopsy was performed 
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RESPONSE OP WnENT 3 DURING 3 SUCCESSfVE DAYS 
OF INTRAVENOUS INFUSIONS WITH 600 Ml OF FAT EMULSION (NO 41) DAILY 
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Fig 3 

The nsccral organa >'efo oaaentiall^ normal grossly and thtro ms no Jnstologic e\jdcncc 
of Icfliona attributable to tho infused fit craulsion 

Pat\ent 4 This patient was an olort and intdligeot 37>earo]d cnil engineer ^ho 
entered the liospital wtJi a complaint of swelling of llio ankles There was a fire year 
history of renal disease wth a left monoplegia of ono jear a duration TIic blood pressure 
230 

"as-jg^uitli m enlarged heart and Iner and extensive retinitis Tins patient was placed 

on a low protein diet and treated mtli parenteral lou suit albumin With his complete and 
elTectivo cooperation a trial of intraienous fat emulsion was made 

On the twelfth hospital da> OOO ml of Emulsion 41 were given at a rate of ^ ml 
per minute witliout reaction The patient stated that he experienced no unusual symptoms 
at the site of injection or elsewhere There was no unusual taste sensation experienced 
although ho stated that for two or three liours after the infusion ho experienced a sensation 
of languor and epigastric fullness much like tho satiation following a large meal There 
was no nausea 

The following daj another COO ml of tat emulsion were given at a rate of 5 ml 
per inmuto At the end of the infusion the patient had a sudden, mild shaking chill and 
in the next three hours tho temperature rose to 100 8 F The blood pressure was not 
changed Emulsion from tho infusion set was cultured and found to be sterile Tlie follow 
ing day a third infusion of GOO ml of emulsion was given again The last 300 ml were 
given at a rate of 12 ml per minute There was no reaction subjectively or of the 
temperature or blood pressure Hematologic studies on this patient revealed a fall of the 
hematocrit from 35 to 33 per cent and of tho hemoglobin from 12 2 Gm to 115 Gm over 
the period of fot infusion This patient was discharged with Iiis climcal condition essen 
tially unchanged 

Patt^t 5 Tins patient was a 40iearold housewife with a complaint of hortnc'is 
of breath and swelling of tho ankles There was a five year history of chronic pyelonephritis 
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RESPONSE OF PATIENT 5 DURING INFUSION OF 
300 ML OF FAT EMULSION (NO 41) INTRAVENOUSLY 


TIME 


BLOOD PRESSURE 
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PULSE 

X X 
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o o 
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INFUSION 

REACTION 



Fls 1 

witlv mild hjperteusion and rotinitia On a low protein, low salt diet, slio had done well 
ilthougli there was evidence of increasing izotemia 

The patient was giien 300 ml of fat emulsion by the usu il method with an infusion 
rate of 5 ml per minute At the close of the mtusion she experienced a shaking chill The 
temperature lose to 103° F ono hour later and gndually subsided (Fig -1) The remainder 
of the solution from the infusion bottle was cultured and found to bo sterile No further 
infusions weie given this patient The following daj the patient developed a generalized 
papular eiuption with pruritus She complained of tender areas in the neck, and slightly 
enlarged, tender glands were palpable The patient had been receiving a barbiturate prn 
during her liospit ilization Barbiturate medications were stopped After several days the 
glands subsided and the rash disappeared with a dry, flaking desquamation It was not 
estabbshed whether this cutaneous and glandiilir reaction was related to either the fat 
emulsion infusion or to barbiturate medication The patient was discharged with her 
clinical condition unchanged 

Patient G This patient was a 42yeirold housewife who enteied the hospital with 
complaints of diiriliea and loss of weight The diarrhei had grown progressively moie 
severe during the past thirteen years Except for occisionul remissions — the last following 
theiapy with folu acid — the disease had been lefractorv to ill methods of therapy At 
this time the patient was 50 per cent below lier ideal weight Her principal symptoms wore 
weakness and tetanic ciaiiips consequent to low serum levels of calcium Nitrogen and fat 
balince studies indicated a great deficit in absorptive capacity although a definite induction 
of pancreatic enzymes could not be confirmed In the absence of a successful therapy for 
the fundamental disease, this p itient represented an example of an urgent need for vdequate 
paienteral nutrition, particulirly caloiies However, because of difficult veins, a consider 
able psychosomatic pioblem, and the fact that “pyrogen difficulties” were shortly to plague 
the fat emulsions, it was not possible to give sufficient paieiitcril emulsion to make a real 
contribution to the p itient 's nutritional status The subjective i espouse to infusions of 
this patient vv is also difficult to interpret The first infusion of Emulsion 41 to this patient 
was small, only 50 ml, but was given without any unfavorable reaction After an interval 
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of oae day a second infusion of tho same eniulsioci m an amount of JoO lul wiis given with 
out rcflction. (sco Table III, Patient 6 on 0/12 nad 6/14) T3io following day a tliird 
infusion of tlio same emulsion, m tko 11000111 of loO ml v-aa £,i\ca and a mild p 3 TQg<.iiic 
reaction was obtained On tho ne\t da) tlie same batch of Emulsion 41 Dgam itas gnon 
to this patunt in an amount of 100 rul and a pjrogeme reiction occurred with tho tempera 
turo going to 102 F tno hours after the infusion ms finiilied 


Tinrjv lir Cu\i< \i StiiuBs Mith Pvt J-milsiov 41 
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23 

1 Infusion Patunt 1 (OOO nd ) 

0 

1 Infu-ion I ilicnt H (oO ml ) 

0 



f Infu''nm Patient I (300 ml ) 

0 

6/14 1 

25 

s Infusion Patient 4 ( 00 ml ) 

0 



1 InfuHion Patient 0 (loO uil ) 

0 



f Infusion I nticnt 3 (o60 ml ) 

0 

0/15 


J Iiifunon Patient 4 (COO ml ) 

P) rogenie 


1 Infu**n>n Patient 6 (loO ml ) 

( Emulsion from infusion tets ',tenle 

1 ) rogenic 




r Iiifuiion Patient 3 (300 ml) 

P> rogenie 

C/iO 

27 

■{ Infusion Patic nt 4 (OOO ml ) 1 

0 



1 Iftfusicn Patient o (300 ml ) 

P> rogenie 

0/lS 


\ Infusion I atient 5 (300 ml) I 

P> rogenie 
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Of all tlie patients, Patient 6 was the most sensitive to late of infusion 
Rates above 5 ml pei miiuitB led to nausea and on one occasion vomiting At 
slower latei the subjective leatlion was one at satiation and diowsmess 
Because of two consecutive pjiogenlc leactions in Patient 6 no fiiithei 
infusions of fat emulsion weie given to hei at this time However si\ weeks 
latoi additional infusions of Emulsion -tl weie given a„ain to Patient 6 but 
with no bottei results In all Patient 6 was given 1 500 ml of fat emulsion 
Two months aftei the last infusion the patient expired and a postmortem 
csammation was earned out At death the patient was estienielj eachectie 
Esaraination levealed a oiaiiutomtttons nonobstruetino lesion of the bowel 
wall IS cm below the pjlonis The etiolOoj. of this lesion is nnesplaincd 
Grosslj and iiiieioscopieall} theie was no cvidcneo of the previous infusions 
of fat emulsion 
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DISCUSSION 

When phosphatide fiaction B(P-2) is used at a coneentiation of 0 5 to 
1 0 per cent as the sole stabilizei of a 15 pei cent fat emulsion, a good emulsion 
IS obtained which will withstand autoclaving This coneentiation of B(P-2) 
also pioduces minimal vasodepiessoi activity in the cat It is felt, howevei, 
that such a low coneentiation of stabili/ei may not be completely safe to pioteet 
the emulsion fiom bieaking when it comes in contact with the electiolytes of 
the plasma Hence a costabilizei of polyglyceiol esteis (Demal-14) has been 
used at a concentration of 1 pei cent along with 0 5 pei cent B(P-2) in a 15 
pel cent fat emulsion (Emulsions lO and -11) A vaiiety of studies with 
animals, using cats, lats, and dogs, indicated that except foi a model ate 
temporal y anemia Emulsions 40 and 41 appealed suitable foi caieful clinical 
tiial 

Eesults on the fiist foui patients weie piomismg in that the emulsion was 
well toleiated with no changes in tempeiatuie, pulse, blood piessiiie, oi lespi- 
lations Indeed, Patient 2 lecened 300 ml of Emulsion 41 (460 caloiies) pei 
day for eight days in succession, and Patient 3 leceived an initial infusion 
of 600 ml of Emulsion 41 (920 ealoiies) with no leaetion and with definite 
clinical impiovement 

The fiist batch of Emulsion 41 made up foi ehnical use was lathei small, 
and when the preliminaiy tiials with aiiuiials and steiility and piaogen tests 
weie completed, theie lemamed seven 300 ml bottles of emulsion These weie 
completely used up in the fiist two patients, with no leaction (Batch SD-413, 
Table III) The second batch of Emulsion 41 (Batch SD-420) ivas made up 
in laigei quantity and ivas used foi the last two infusions of Patient 2 with 
no reaction Likewise, tins second batch of Emulsion 41 vas guen ten days 
latei to Patients 3 and 6, and twehe dais latei to Patients 3, i, and 6, all 
ivithout leaetion Howciei, on the following daj (Table III, infusions on 
6/15) pyiogenic reactions were obtained in tvo out of the thiee patients re 
ceiving this batch of fat emulsion Since these iieie the fiist pyrogenic re- 
actions obseiied, and since Patient 3 infused at the same time did not have 
a leaetion, the significance of the pyiogenic leactions was questioned Fiiithei- 
moie, emulsion fiom the infusion sets of all three patients was eultuied and 
found to be steiile Again on the following daj two out of thiee patients had 
pyiogenic reactions, and two davs latei Patient 5 had a pyrogenic reaction 
(Table III, infusions on 6/16 and 6/18) Hence it appealed that something 
had developed nr tins batch of emulsion that caused a pyiogenic reaction 
Three days following the last pyrogenic leactioii in a patient, this batch of 
emulsion was found to be steiile but stiongly pyiogenic in rabbits 

Thus it seems definite tliat the second batch of Emulsion 41 (SD-420; 
especially piepaied foi clinical use developed pjaegens of a nonbacteiial natuie 
tventy-six daj^s after it was prepared, howeiei, the fii^st batch of Emulsion 
41 (SD-413) remained pyiogenfiee for thirty- two days by which time the 
supjily was exhausted (Table HI) Additional studies hare substantiated 
these results, namely, that while emulsions of the type of Emulsion 41, using 
B(P-2) at 0 5 per cent and Dcmal-14 at 1 pei cent as stabibzeis, can be used 
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satisfactonly in paticntb, tlio emuKion!. do undcigo some type o£ change which 
gnes rise to pjiogens Tlie exact eause oi nature of this change is not niidei 
stood at present It does not seem to he due to coiitamiintioii It is accelei ated 
hy repeatedly autoela\ing the emulsion 

In a discussion of the eliiiioal use of fat emulsions it is dcsuable to caution 
against the possible instability of fat emulsions to electiolytos m vitro Some 
of the emulsions pieparcd in this hboiatoiy during the last few years have 
been found to bo unstable when mixed with saline in vitro however no in 
stability was eneoiintercd with most of these emulsions when they wete m con 
tact with blood either m vno oi in vitio Hence infusions of fat emulsions 
m man should not be given with an apparatus (flask tubing ot needle) thiougli 
which saline has pievvously been given or vice versa unless the stability of 
the emulsion to saline his been estahlishcd That is why m the studies leported 
in this papei h pei cent glucose m water (not saline) was the fluid used yust 
prioi to giving the fat emulsions 


SUM VI VRV 

1 Tat emulsions foi iiitiavenoiis admmistiation containing 15 per cent 
fat have been adeipiatelv stabilized with a eomlnnation of a sovbcan phos 
pliatide propaiation and a iiohghceiol estei (Denial 14) at concentrations of 
0 0 and 1 per cent lespeetivch 

2 Such emulsions made with com oil oi coconut oil were well tolerated 
when given intiaveiioush to lats, dogs and cats Except foi a moderate 
nomiocytio anemia winch dixapiieais slioitlj aftei the fat infusions are 
stopped, these fat emulsions „ave use to no appaieiit physiologic or pathologic 
difficulties, even after daili administrition m goiieioiis amounts foi periods of 
several weeks 

3 Such an emulsion toutaiiuii„ 15 per cent coconut oil has been given to 
man in amounts up to GOO ml pci dav (910 caloiies) without unfavorable 
reactions One patient received 300 ml of the emulsion daily fot eight succes 
sive days without any unfavorable reaction Postmoitcm examinations weie 
later obtained on three of the six patients who leceived tins emulsion and in 
no ease was there any gioss or microscopic oxidcnce of pathologic changes related 
to the fat infusions 

4 Fat emulsions of the type used m these studies have been found to 
undergo some type of change owi a peiiod appioximating four weeks that 
results in the formation of pyrogens and hence are not eonsideied completely 
satisfactory for clinical use The exact natiue of this slow development of 
pyrogens in not known at present bnt it appears to be of noiihacteiial origin 

The authora %Mah to express appreciation to Mias June Chipman Mr LeRoy Vt 
Matthews Mr Harrey Quigley, and Mr George Bradford for technical assiataaco and to 
the following companies who haro supplied us generously with various materials used m 
this rescarcli Tho Upjohn Company, Kalamazoo, Mich , Merck and Company Inc., Rahway 
N J , Games Division of General Foods Corporation Hoboken \ J Wilson Laboratories 
Chitago, III , Sheffield Farms Co Inc "New York, N I , Com Industries Research 
Foundation, Isew York N \ and \nlieuscr Busch Co, St Louis Mo 
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THE DETERJUNATIOISi OP TRUE GLUCOSE IN BLOOD BY 
REDUCTION OP PERRICYANIDE 

Thf Production' oi v LiNaiR Reproducible Color WiTnouT the Use op v 
Stvbilizing Agent in JLvcbo vnd Microtechniques Suitable fob 

VlSU IL IND PllOTOELEtTBIC COI ORIMETRY 

George R Kincslev MS,* indJoiinG Reimiold, Pii D 
PmaiDELPHLV Pa 

A SYSTEMATIC studj of seieial blood glucose methods' emplojmg colon 
metric oi pbotometnc meisincmcnt of the i eduction of alkaline ferncjanide 
uidicTted that fuither improicmcut and simplification of such methods was 
possible A sensitue method lidding a eoloi of snITieient stabilitj and repro 
dueibilitj for measurement in a pbotoelectiic eolorunetci without the need for 
frequent lecourse to standaid solutions and gmiig pieciso lesults oiei a wide 
range of true blood sugar lalues is dcseiibed in this papei The method has 
the additional adiantago of beiug applicable Uirectlj to piotem free filtiates of 
low dilution (1 10 maeiomcthod) as well as high ddiitioii (1 100 miciometbod) 

M ICROMETHOD 

Seagents — (CTicmicals u^ied are of anal>'tical reagent quality unless otherwise noted) 
Poias$%M,m Fcrucyanxde Weigh exactly 2 84 Gm of anhydrous sodium carbonate 
and 0 8 Gni of potassiom ferric>atiide and dissolve together m I bter of distilled water 
Keep m dark bottle aua> from light 

Ferric Iron Dissolve exactly 2 0 Qm of ferric ammonium sulfate (Fe(NII^) (SO^)^ 
12H 0) m 945 ml water and add od ml of 8o per cent orthophosphoric acid 

Acid Cad?nium Sulfate^ 33 0 Gia cadmium sulfate (3CdSO 8 HO) or 10 o9 Gm 
of anhydrous cadmium sulfate and 63 5 nil of exactlj l^N sulfuric acid are brought to a 
volume of 1 liter with distilled uater 
iJV bodium Hydroxide 

Stocl, Glucose Standard 1 000 Gm made up to e\actl} 100 ml with 0 2o per cent benzoic 
acid 

Standardi atwn — 0 5 1 0, 15 20 25 30 and 4 0 ml of stock glucose standard are 
each diluted to 100 milliliters 0 5 ml of these standards is treated in the 'lame manner as 0 5 
nil of the blood filtrate as outlined under Procedure for the m icroraethod Headings maj be 
plotted against concentration of glucose of the standards or a conversion factor (K) calculated 
milligrams glucose/IOO ml = K^(2~log9cT) ^ Readings D(-logr) of blanks were found 
to var^ from 0 01 to 0 03 with Coleman spectrophotometers and with scale readings of Klett 
bummerson instruments from 0 to 8 If blanks much higher than these are obtamed the 
reagents arc contaminated and should be discarded 

Proc-edur# — To 8 ml of acid cadmium sulfate solution add 1 ml of whole blood mix 
thoroughly, let stand one minute then add 1 ml of 1 IN sodium hydroxide and mrv by 
shaking Let stand fifteen minutes then filter through ttTiatman No 40 filter paper or 

From the Division of BIoohcm{str> The Laboratories Philadelphia General HospitaL 
Received for publication Nov l 1948 

^ ^ Present address Clinical Biochemiatrj Laboratory GiliS Hospital t eterans Admlnls 
tratJon Center Los Angeles Calif 
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prole 1 ibl\ (Lntnln},-i' il , odd , i„r j, „ „i,niiti - '1 o i tr4 tuk 

iO nil ulil If) ml ot Iho lilli iii ilnn icM I ml ot llii ilk lime pol i smm btf' « ' 

'■oUUioii Mix twuhu^ imi j,l„e in Imiliii^ w iti r bull Inr Uu mmuU kuol . < 
mimites m i u iior bitli u 10“ i \,ia 'i ml »t term iron soiulion mil mi\ k) biuk' 

\ll0M to St 111(1 )ni minutes m tin 10“ buh Diliili to the, -’ll ml m mk lutii ill I'lkd i A 
Mix 111(1 le 1(1 111 tlm jiliotoi h 1 tin (olorimoler iiitlaii tin lit' iiuiiuti ' V ttriH.!! liltcr tias 
mittmb lij^lit belwetii 100 iml 1711 iim iiith m (xniiom ti iiisno'-smii iit "llh is ii ed 

sV mole (liliito (iltr iti mix In pripirnl bi nblin^ 1 ml ol nhote blood to ll "d nt i'll 
lenl c iilmiiiiii suit ite solution inopued is foHoiis “i 77 (tin t idmiuiii siiU Ur ( 

01 17 Gm inhxdroiis ( idmiiim sultnte (( dSO ) md JS _> ml of ixntlv 1> suif"'"- 
ire brought to i xoliimo of I litei iiith distilled « it. r Om mimiti itter th. i.hhtioii 
mixing ot the blood, 1 ml ot 1 IN sod,.,,,, hxdioxid, w i.hh I iml tin proe. dure 
i (lileeted 

1 K= 5 ’■) tor ( ohm in sp,, liotilmtomet. 1 I Mode Is (, N U Using No 0 iO-Hl ' 

MU HOMl UlOlt 

lieagenti, ~ 

01 pel cult Stocl aiu.O'.i SianiOml Ibwilu lOO mg gltnose md dihiO, to I'W 
mth 0 2o pei <ent bcii/on n id ” 

0 01 pel uni Dilute lytoi! (.hi,,,-,, Stnu 'm I Ddnt, to , , of t,to k stindirl to bill'd 
x'ltli 0 25 per lent ben/oie venl 

lHaline l^oUtssiuiu 1 enuyouuh Snin is mierorvi 'in 
Feme lion ‘binm is iineioie ig( nt 

Dilute Acid Cadmium Siilf<tt< foi 0 0, ml FtiuiU Ddiiti 40 ml of le igint it 'd n' 

nneromethod to 100 imllihtois 

Dilute And Cadmium Sulfate far 0 02 ml Pqi, (t, Dihite >b ml ot uigint used i" 

mioromethod to 100 imllditers 

0005N Sodium Ili/diorido for 001 ml Pipellt 

0 0S2N Sodium Uijdioxide foi 0 02 ml Pipettt 

Standaidization—Mcuare 1 2, 4 0, S, 10, 12, r>, ml 20 ml of dilute stock glueose 
staad-iid luth i burette md dduti to 100 ml iiitli 0 25 per cent boiuoic leid Add 0 3 oi I nd 
of these dilutions to coloiini toi tubes m 1 tie it m the s ime m iniiei is dire, fed foi 0 5 or 1 ml 
of the blood hltr ite in tin niieropineeiuics One mdbbtei of 1 to 100 dilution ot 0 01 pel eeut 
stock glucose st indaid is eiiuix dent to 10 mg of blood glueose if tlie^ mn lometliod lor 0 02 nil 
of blood IS nsel, oi 8 mg if the mieiomctliod for 0 05 ml of blood is u=ed Re idiugs ma) 
be plotted against coneentntioa of glu-ose ot tlic stmdiids oi i cuiuersioii fntor (lx) 
calculated milbgianis glucose/100 ml = K' (21og%T) 

Proceduie for 0 02 ml Pipette-, —Add 0 02 ml of xihotc blood to 1 m! of dilute acid 
cadmium sulfate solution for 0 02 iid pipettes in i sin ill Kdiu tube ind mix bx ixasliing out 
pipette Let stand foi oue minute Add 1 ml of 0 022^^ sodium In dioxide, stopper and mix 

1 K = 503 in the nneromethod- foi 0 02 ml of Wool foi f oleman speetrophotometeis, 
Models 0 &, 14, using No 0 104B emettes 

Let stand fifteen minutes, then (.entrifugc Vdd 1 ml of the clear suiernatant filtrate 
to 1 5 ml of alkaline potasium fen ic^ nude in i eoloiimeter tube gradu ited at ti milbbters 
Digest ten minutes in i boiling intei Intli Cool ti'O minutes in a 40 C xxater bath Add 
1 5 ml of the feiric non solution, mix ind alloix to stand hvi, minutes at 40 Dilute to 
the 6 ml maik and lead in the colorimeter nitliin tnuit) minutes Make leagent bl ink bj 
tieating 1 ml of distilled water in tin same niannei as 1 ml of filtr ite and set it 100 per 
cent transmission xxitli light at '40 up " I'C length 

Proceduie foi 0 05 ml Pipeffes — \d<l 0 03 ml of nhok blood to 1 ml of the dilute 
acid cadmium sulfate solution for 0 05 nd pipettes in a small xentiifuge tube and mix 
bj "ashing out pipette Let stind for one minute Add 1 ml of 0 035N sodium lijdroxide, 
mix and stopper Let stan 1 fifteen minutes then centrifuge -Idd 0 5 ml of the supernatant 
filtrate to 125 ml of alkaline potassium feriuxamde in a 5 ml graduated Klett colorimeter 
tube Digest ten minutes in i boiling xxatei hitU Cool txxo minutes m a 40 C water bath 
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Add 125 lid of tlio feme irou isolution mi\ nuJ ilIo\y to stand dro minutes at 40 C 
Dilute to the 5 ml mark and re id m colorimeter >\itUin t\\cut\ minutes as directed in. pre 
ceding jincronietliod 

1- \I ERIMl M \l 

J Delcimtiialwii of Optimum ( oncenh ution of Heufjents and Physical Con 
(htious foi the Pioduciwn of « Siubte Ucpi oduohle lineai C'o/oi —Optimum 
cimienti itioiis of icaoCnti, mlu diliimiiitd bi stiulMUj, the eftects of \anaUon 
111 then comiio'iitioii and piopoilioii on coloi dciclopmeiit in seieial feiii 
i.\'midc icductiou su^ju methods Tim^stit icid fiUi ites of blood ueie cm 
plojcd AVliatinan No 40 flltii piipti fico ot itdiani', substinccs «as used 
Suhbtitutc ine.enls dso ticii studud «ith the hope oi distoieniij, moit de 
suable ones It uas ioiiiul tint t nniltd icduttioii iii the coucentiatiou ot 
sodium (.iihouatc md phosphoiu leid is compiled iiitli pietioiis methods 
,ieath iiicuascd the sjacd ot the dciclopnant iiid impioved the stabilitj of 
color Lithium cuihointi, iias found to eshibit the same chaneteiisties as 
sodium ciihointe iihcii used lu uiiiii dent roiuenti itioiis Phosphoiic aeid in 
eM.ess of the optimal loneciili ilion dinuuislud the stahilitt of toloi in the oldci 
fotiietamdo methods 1 Iioteiitioniotnc studi h\ Wood' of the oMdatioii of 
olticoso bj feirtetanide his shown that nuicisc ot aciditi ictaids the leaotion 
The conceiitiation of otiioi ica^onls was ilso icdiitid fiom lint lecommended 
bt Poliii and JIalimos’ (.i unde (oiboiute icigent leiommtnded by llonath 
and ICiiohi, has heeu shown b\ Saitei’ iiul otheis to nictease pi ogi essit el\ 
foi foitj file niiiiutes the feiioeianide loinntion when heated Small tana 
tioiis m the amount of sodium e ' aiiidc added also cause \ at laf ions iii the dev clop 
ment of eolot High values foi blniiKs aie eomnion when ejamde is used and 
tlio lange of the iiiofhod is i educed Foi these leasoiis sodium cvaiiido was 
omitted from the alKaliue fetiici nude i eluent lu a^i cement with lUondshoj 
and lluhhaid* and Hoivath and Kiielii feme ammonium sulfate was found to 
develop a nioie stable coloi ovei a gieatei laiige ol toiiceiitiation than othei 
fciiac eonipouuds tested These included feme sulfate phosphate tutiate and 
ciUate A 0 J pei cent feme ainiiiouiiiin sulfate {re(NH 4 ) ( 804)2 12 11,0} 

solution was found to give a hiieai 1 clationship between coloi and glucose coneen 
tiatioii up to 400 nio pel 100 ml of gliieose at aiij time aftci loloi was de 
veloped at loom tempcntiiics The coloi „iaduall\ incieased bv about 5 pei 
cent 111 lweiit> five minutes, tlien lemanicd stable foi moie than one houi The 
disadvantage of iiicieasing coloi iiifeiisitv aftci dilution to volume was ovei 
come bv waimiii,, five mimites it 40° aftci addition of the feme ummoiiium 
sulfate to the icaction nii\tuit AVlien so tieated the solution could he leid 
111 the coloiimetei immediately aftei diluting to volume and niiMiig Only occa 
sional samples showed an iiici ease of 1 to 2 ni„ pei 100 ml aftei standing tweiitv 
minutes Feme ammonium sultate concentiations e\ceediii„ the 0 2 pei cent 
recommended cause slow fiding of coloi while less caused iiitensitv of coloi to 
ineicase on staiidiii„ 

All picvioiis methods depending upon the foimafion of Prussian blue have 
used a stabilizing agent AViieii higher concentiations of le loCnts wcie used 
sodium 1 luiyl sulfonate (Uuponol) was found to stabilize the colloidal pigment 
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which otherwise piecipitated when highei levels of glucose weie examined How- 
evei, different samples of Duponol “pc” oi “c” gave somewhat different 
blanks and caused a variation in time foi full color development When the 
concentiation of reagents was reduced to that lecommended in this paper it 
was found that the addition of Duponol to the ferric non reagent did not in- 
crease the stabihty of the color developed, but prolonged the time required for 
its development and also increased the color of the blanlc For these reasons the 
use of a stabilizing agent was abandoned 

Tungstic acid filtrates examined by the modified method gave results about 
10 per cent higher than the Polin and Malmros^ (2 to 33 mg per 100 ml ) and 
Benedict" (0 to 40 mg per 100 ml ) methods A series of fifteen samples were 
used to compare the variability of the proposed feiiicyanide method and the 
Folin and Malmios^ method b> three repeated determinations on preserved 
tungstic acid filtrates Single determinations bv the new method deviated from 
the mean by an average of 3 3 mg per 100 ml ranging from 0 to 7 mg on 
samples with blood sugars of 55 to 150 mg per 100 milliliters On the same 
filtrates, the Folin and ilalmios method showed an average deviation from the 
mean of 12 6 mg per 100 ml ranging from 4 to 21 The color developed by 
the Folin and Malmros’^ and the Benedict® methods was less stable and therefore 
less satisfactory for photoelecti ic determination than that developed by the 
methods herein described 

No special tubes are lequiied for the new feincvanide method, and as a 
minimal amount of sodium carbonate is used, gas bubble formation is avoided 
No differences have been found after the reagents have been aged for about two 
months nr contrast to the Folin and IMalmios^ and Benedict" reagents which 
undergo changes in sensitivity on standing 

2 Detei minattan of Optimum Concentt ation of Reagents and Physical Con 
ditions foi the Pi epai ation of Pi oteimFi ee Filtuites foi the Detei mination of 
“True” Glucose — Although consistent results were obtained with tungstic acid 
filtrates, it was felt that the method would be more useful if true sugar values 
could be obtauied Piotein-fiee centrifugates and filtrates prepared by various 
methods were studied with the modified feiiicyairide method Piotein-fiee fil- 
trates prepared from serum by copper -tungstate precipitation gave results com- 
parable to tungstate filtrates The copper -tungstate reagent could not be used 
on whole blood because stability of color was not obtained Zinc or barium 
hydroxide could not be used for the same reason However, acid cadmium 
sulfate and sodium hydroxide could be adapted to the feiricyanide method by 
modification of the original procedure of Fujita and Iwatake " 

A comparison of tungstic acid and cadmium hydroxide filtrates was made, 
and the nonfeimentable substances (Table I) of the filtrates were determined 
0 5 ml of a 50 per cent suspension of yeast cells, washed free of reducing sub- 
stances, was added to 5 ml of the cadmium filtiates nr a centrifuge tube and 
incubated at 38° for thiitj minutes and then centrifuged The unfeimeiitable 
reducing substance was found by this method to average 3 mg per 100 ml in 
cadmium hydioxide-tieated specimens as compared with 25 mg per 100 ml ex- 
pressed as glucose in tungstate-treated specimens 
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Table I CoiiPAPisoN o> Total Reducing Substvnces in Cadmium Hydbomdl and Tungstic 
\. ciD Filtrates and Nonperment\ble Reducing Substances in Cadmium Hydroxide 
Filtrates as Deteuaiined b\ the Iaew Ferpicyanide ailtuod 



TUNGSTIC ACID FOTIIATES 


1 

NO 1 

TOTAL PEDUCING SUBSTANCES 
(MG %) 

TOTAL RPDLCINC SUBSTANCES ! 

(MQ %) 1 

NONFETMENTABIE 
REDUCING SUBSTANCES 
(MC %) 

1 

7S 

51 

3 

2 

82 

50 

2 

3 

115 

83 

4 

4 

122 

03 

3 

5 

SG 

CO 

J 


DO 

52 

3 


The effects of cadmium weic e\aluatc(l bj adding giaduated amounts of 
glucose to a series of different cadmium h>dro\idc piepaicd protein free filtiates 
RecoAcries indicated that the amount of cadmium sulfate recommended did not 
interfere e\en if added in 5 to 10 per cent excess unless the protein content of 
the sample is very low (less than 4 per cent serum pioteins oi 2 million red 
blood cells), when excess cadmium mav cause tiirbiditj to occur during color 
development In conditions of this kind turbiditj may be avoided b> icducing 
the protein piecipitants twenty five per cent Standard solutions of i^lucose 
added to whole blood (with concction for glucose present in the blood) gave 
readings identical with those of glucose standards in watei Fuithei tests of a 
possible interfering action of cadmium were made on filtrates obtained by com 
bmmg acid cadmium sulfate and sodium hydroxide m the pioportions used foi 
protem precipitation the addition of blood bemg omitted If 0 5 ml of 1 to 
6 or 1 to 8 dilutions of such filtrates was added to glucose standards no effect on 
final color dev elopment was observed Cadimum h> droxidc filtrates of blood may 
be kept several days at 5* C without measurable loss of su^ar 

Table II Eecovetufs of Glucose Added to 1 ml or Oxalated Whole Blood* 

With Vcid Cadmium Sulfate RE-ACENTt 


NO 1 

GLUCOSE IN 100 ML.' 
OF BLOOD 1 

(MO ) 1 

GLUCOSE 

ADDED 

(MO) 

GLUCOSE 

RECOV ERED 

(MO) 1 

PER CENT 
RECOVERED 

MACBO METHOD 

1 

43 


0 50 

1010 

2 

50 

0 980 

1 00 

102 0 

3 

38 

0 980 

0 97 

99 0 

4 

67 

1455 

153 

1051 

5 

49 

1 920 

191 

99 5 

6 

59 

1920 

1 83 

95 3 

7 

54 

2 380 

2 42 

101 6 

8 

07 

0 495 

0 48 

06 9 

9 

37 

2u80 

2 40 

100 8 



MlcrOMETIIOD 



RECOVERIES OF GLUCOSE ADDED TO 0 05 ML. WHOLE BLOOD* 

1 

37 

0 0180 

0 0175 

97 2 

2 

67 

0 0477 

0 0495 

103 8 

3 

53 

0 0477 

0 0490 

102 7 

4 

51 

0 0930 

0 0880 

94 6 

5 

40 

0 1364 

01300 

95 3 


niood specimens from hospital patients No attempt was made to preserve the blood 
suffar prior to analysis These specimens had stood several hours after blood was collected 
tGlucoae was dissolved In tjie acid cadmium sulfate solution 
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3 Detenimiahon of the Accutacij of the New Method, and the Noimal 
“Ti lie” Glucose Yalues Obtained by It — ^Known amounts of glucose weie added 
to specimens of o\alated whole blood and the lecoveiies deteimined (Table II) 
The data fiom these leeo^elles indicated that the glucose found in alkaline 
cadmium sulfate filtiates does not vari by moie than 3 mg pei cent fiom the 
tiue blood sugai value Eecoieiies within 94 6 to 105 1 pei cent weie obtained 

Tvble III Comparison op the New Ferricvamde and the Folin Milmros Blood Sugap 
Methods Using Cadmium Hydroxide Filtrates From Fresh Oxilvted Whole 
Blood* ind Plvsma* from Hospitvl Pvtients 


IsO 

1 plasm I j 

1 blood I 

1 ( ELI St 1 

PVCKED CEIL 
YOIUME 
(%) 

1-EI RI 

C\ VNIDE 
(AIG %) 

FOLIN 

M \LMROS 
(MG %) 

PERRI 

CYVNIDE 
(MC %'J 

tOLIN 

M \LMrOS 
(MO %) 

lERlI 

C\ VNIDE ■ 

(mg %) 

1-OLIN 

M\L5lUOS 

(mg %) 

1 

so 

72 

70 

70 

04 

03 

40 3 

2 

90 

87 

71 

82 

57 

79 

44 3 

3 

85 

75 

02 

68 

47 

64 

30 4 

4 

01 

68 

01 

65 

01 

03 

39 6 

5 

58 

54 

43 

47 

14 

43 

38 9 

(i 

127 

110 

103 

98 

89 

87 

39 0 

7 

50 

59 

51 

54 

51 

50 

20 2 

S 

09 

63 

72 

01 

73 

59 

34 7 

9 

125 

118 

105 

104 

94 

90 

4o 2 

10 

77 

75 

00 

08 

59 

04 

40 4 

n 

115 

100 

117 

112 

117 

114 

14 0 

12 

03 

64 

58 

54 

50 

49 

52 0 

13 

75 

73 

57 

08 

47 

05 

49 5 

Average 83 

79 

72 

73 

05 

09 

38 3 


•Fasting 

tCalcuUted from cell volume 


Fasting venous blood glucose was deteimined on the plasma and whole 
blood of thiiteen hospital patients by the new feiricyanide method and the 
Folin and Malmios metliod usmg cadmium by dioxide filtiates (Table HI) 
Glucose fiom the cells ivas calculated by means of hematociit deteimuiations 
The glucose values by the Folm and Malmios method aveiaged 4 mg pei cent 
lowei 111 plasma and 4 mg pei cent higliei in cells, diffeiences that aie piobabU 
not significant It is believed, as pieviously stated, that the laige individual 
difieiences lesult fiom the lowei piecision of the Folm and klalmios metliod 
which has not shoivn good agreement between lepeated deteimuiations Values 
foi nonfeimentable i educing substances obtained by the two methods on cad 
mium filtiates weie the same It was shown by expeiiment that the Folm and 
klalmios method was unaffected by amounts of cadmium equivalent to that m 
the piotein-fiee filtiates 

The new feiiici aiiide method with cadmium hy dioxide filtrates and the 
Folin-Wu niethocF° with acid tungstate filtiates weie compaied, using venous 
blood fiom twenty-thiee normal lasting male subjects (Table IV) Glucose 
langed fiom 73 to 85 mg pei 100 ml of venous blood as determined by the new 
feiiicyanide method, which is slightly lowei, but agiees favoiably, with the 
lange of 77 to 90 obtained by Somogju^' on the venous blood of ninety-thiee 
fasting noimal individuals A lange of 85 to 110 mg of glucose pei 100 ml 
of venous blood was obtained by the Folm Wu method The lattei method ivas 
used foi compaiative purposes as it is piobablj the most widely used of all 
sugai methods m clinical laboiatoiies 
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1 VBLE IV COilPARISON Oi TJiE NeW FERRICV ^NIDE (C\DM1UM H\DR0\1DE FlITR\TES) AND 

the Foliv Wu (Acid Tungstate Iiltrates) Blood Suoui Methods Using Filtratlr 
From Fllsu On M/i\TED \\ hole Blood op Norm vl Fasting ( 12 to 14 hr,) 

Men 19 to 39 \ears Old 


SUBJECT 

1 lEllUCNAMDt 

1 (MG %) 

FOLLN W U 
(MG %) 

BUR 

bi 

100 

KAS 

SI 

Do 

HIG 

7o 

98 

SHW 

74 

84 

JAR 

84 

100 

DIM 

bl 

94 

SHE 

74 

100 

SEN 

84 

100 

MCG 

71 

85 

BRO 

84 

91) 

Is-IN 

SI 

93 

LOO 

S2 

99 

C\L 

S- 

93 

MS.C 

So 

lOo 

LEH 

82 

90 

SHV 

75 

95 

iAC 

81 

110 

BUD 

S5 

87 

STV 

81 

90 

STO 

81 

101 

SMI 

83 

S6 

CAS 

82 

110 

ALV 

Ro 

108 

\.\crage 

81 

97 


SUMM \UT 

A method £oi the photoeolonmetiic deteiminatioii of ‘true sugai ’ jn \\liole 
l)lood IS desciibcd Tlie conditions nccessaij foi obtaining a stable, lineai re 
piodiieible color foi the quantitatiie determination of glucose bi its leduction 
of fenicjanide in alkaline solution aie outlined 

A noimal fasting glucose concentration of 73 to 85 mg pel 100 ml of lenous 
blood Mas obtained 
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SIMPLE TEST FOR THE APPROXIMATE ESTIMATION OP BLOOD 
CREATININE AND GLUCOSE IN ONE PROCEDURE 


Emanuel E I'Lvndel, M D and Edw \.rd B Lehmann, M D t 

Chicago, III 

With the Technical Assistance op Robert Dorin, M S , and 
Lorrain Schmelzle, B S I 

T he use of piciic acid as a piotein pieeipitating agent in the deteimination 
of creatinine m the blood was lecomniended pieviously by one of the authois 
(E E M ) in collaboi ation with otheis^ ^ Dining a leeent le-evaluation of the 
bedside modification of that method'* it was found that the biief heating of the 
blood-piciic acid mixtuie as piesciibed at times resulted in a filtiate which 
yielded a much more intense eoloi leaction than wai ranted by the tiue cieatm- 
ine content, as determined with the loutine precision method*' This phenom- 
enon Avas attributed to the glucose present in the blood, in accordance ivith re- 
ports long since published “ ® Hence, it was not only obvious that the original 
techmque of quick cieatinine estimatioiP needed revision, but it also appeared 
that the same method might lend itself to a simultaneous determination of the 
blood sugai This notion was verified by subsequent experiments, the results 
of which are outlined below 

reagents 

(a) Saturated picric acid 

(b) 10 per cent sodium hjdroxide 


APPARATUS 

(A) Standardized test tubes approximately 5 inches long and % inch in diameter, 
graduated at 1, 4, 5, and 10 milliliters 

(B) Small funnel fitted with folded filter paper (Whatman No 1) 

(C) Medicine droppers 

(D) Boiling water bath (cup or beaker) 

(E) Potassium bichromate standards ranging from 0 15 to 3 per cent solutions 
(Table I) contained in test tubes identical with those described under A, but not graduated, 
and sealed with paraffin They are prepared from a 10 per cent solution, acidified with 1 
drop of concentrated sulfuiic acid per 100 ml , by progressive dilution with distilled iiater, 
and are stable for years if kept m a cool and dark place 

(P) Three slot comparator with ground glass background to be viewed against da} 
light or an artificial da} light bulb 

PROCEDURE 

CieaUnme Estimation — Pill a graduated test tube (A) with reagent (a) to the 4 ml 
mark Add venous blood with a s}iinge oi a mediune dropper up to the 5 ml mark, using 
either a freshly drawn or a preserved specimen rendered noncoagulable Shake tlioioughl' 
and let stand for five minutes or until the reddish brown color of the mixture changes to 
greenish brow n Filter into a similar test tube until the clear yellow filtrate reaches the 
1 ml mark Adjustments of volume can be made readil} with a medicine dropper Add 1 
drop of reagent (b), shake, and allow fifteen minutes for development of jellow orange color 

Received for publication Feb 9 1949 
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Read la cojnparator against bidironute standards for creatinine estimation (Ttble I) In 
tlio absence of such atandard'<, comparison «itli a specimen knoun to contain a norm il ton 
ccntration of creatinine, or witli a simple mixture of J ml of reagent (a) with I drop of 
reagent (b), may be utilued \n intensity of color in excess of lint of eilJicr impronstd 
standard denotes an abnormal cit itinint leiel \u increase of 3 mg per cent or more can 
be detected readily Tpithout the aid of a comparator 


Table I Cobbelatiov ot Glucose \no Ckl-vtivim:/ Levefs With Conclntratiov 

OP POTVSStLM BlCJinOMVTL STVNDUIDS 




JiLOOU GLUCOSE 



(AT VTEIblGE CrEAT/VIVE 

BLOOD CllE-ITlNINE 

lOTiSbIUM BlCJIROilXTC 

LEV El Ot 1 MO %) 

(MO lER 100 ill ) 

(MQ PER lOP ML ) 

(MG PER 100 ML.) 

08 

laO 

50 

10 

200 

07 

Id 

250 

78 

20 

300 

00 

23 

350 

05 

20 

400 

100 

32 

500 

112 

37 

600 

120 

42 

700 

130 

40 

800 

138 

50 

900 

145 

54 

1000 

150 

57 

1,100 

155 

60 

1200 

160 

64 

1300 

105 

C8 

1 400 

170 

71 

1 500 

175 

75 

1,700 

ISO 

SO 

1 900 

185 

S4 

2 000 

190 

91 

2 200 

105 

98 

2 400 

200 

10 2 

2,500 

20) 

14 0 

3 000 

21a 


Glucose Fsttmation — Having served for the \i ual creatinine determination the same 
specimen is immersed m a boiling nattr bath for about three minutes A eliange in color 
to a more or le s intense reddish bronn occurs depending upon the concentration of glueo e 
pre'>ent Periods of tuo to ten minutes used for boiling the specimen produce the same re 
uUs both Msual and apectrophotonietnc Tlio gluco c Iciel can be estimated roughlj im 
mediately after remoial of the tube from the uatcr bath bj ooc who has gamed some ex 
penence with the test 

For better accuracy add distilled water to the 5 ml mark and after mixing, compare 
tho resulting color with bichromate standards ns listed in Table I \tith color reactions 
more intense than that of the 2 400 mg per cent bichromate solution (aboio 200 mg per 
cent of glucose), dilute the specimt-n with another 5 ml of wafer by making up to the 10 
ml mark * Without this additional dilution of samples with higher glucose contents the 
dcepnc^^ of their color renders visual comparison unreliable and does not permit accurate 
'ipectrophotometnc correlation with potassium bichromnte standards (see below) Doubling 
of tho I'alue obtained for tho diluted specimen from Table I Melds the true blood glucose 
leiel Further dilution (replacing 5 ml of the 10 ml specimen with water) and quadrupling 
of tlio result is necesb-iry for blood samplts with a sugar content greater than 400 mg per 
cent 

WtU these Iiiglicr dilutions, the influence of an delated creatinine on the gluco'^e re- 
action IS negligible lho> wore not eniplojed with lower glucose concentrations because 

If the capacity of the test tubes ( \.) used is less than 10 ml transfer 1 mL of the 
spcclniea to another tube (A) and make up with dl-ttllled water to the ■» ml mark prepared 
for this purpose Fourfold dilution if ncccssar> Is Implemented bi adding water up to tJic 
4 ml mark 
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A QUANTITATIVE SPINAL PLUIB 0LUCOSE MICPOJrETHOD POP 
THE PEDIATRIC WARD LABORATORY 


Lytt I Gardner^^ i\ID, Helen Berjivn, BS, Elsie A HicLiCHLAN, BS, 
V.ND iLlR\ L Terr\, a B 
Boston, flLtss 

I T HAS been well established that a loweied glucose concentration in spinal 
fluid IS an important clue m the eaU> diagnosis of meningitis,^ * particular!} 
when other spinal fluid flndings are lacking Since this diagnosis fiequeutly 
must be established at night when laboiatoiy facilities are limited oi una^ adable, 
reliance is often put on the qualititnc reaction of Benedict s solution ® This 
reaction is difficult to evaluate quantitatnely and lequires 0 75 ml to 1 0 ml 
of spinal fluid, an amount una\ailable from some infants 

To provide a rapid quantitatue estimation of spinal fluid glucose the fol 
lowing adaptation of Lewis and Benedict’s piciie acid method for glucose® " 
has been emploj ed A single 0 25 ml sample of spinal fluid suffices for the 
determinatjon No coloiimeter is required Results are expressed as milligrams 
per cent glucose and usually do not \ary from lesults obtained with the Folin 
ferric} anide method® by more than 5 mg pei cent 


METHOD 


Seagents — Sodium picrate 10 per cent aqueous solution Tins is prepared free of 
the red colored picramic acid as described by Fohn i«t 

Sodium carbonate 10 per cent aqueous <5olution This and the BoJium picrate solution 
are stored in gravitj dow stock bottle*? with dropper tips on the tubing 

Standard glucose solution 200 mg per cent Tm additional dilutions from 10 to 100 
rag per cent arc made from this stock solution 

Apparatus — Permanent color 'itandards These aro easily made from 10 by 75 mm 
soft glass test tubes Tubes for permanent standard*! and for the reaction sliould be of 
the same insido diameter Tins maj be measured with a caliper or b> delivering water into 
several tubes from a 1 0 ml pipette Those with tlio same w ittr level are selected The 
upper portion of tfao test tube is drawn out to a tip which is broken off Permanent colored 
solutions are made by adding equal quantitie*? of glueose standard and dilutions 10 per cent 
sodium carbonate solution, and 10 per cent sodium picrite solution to a test tube This is 
placed in boibng water for eight minutes The eleven colored 'solutions so prepared are 
introdu''ed by dropper into the drawn out tips of the 10 b} 75 mm test tubes which are 
sealed off in a flame Tins makes eleven permanent standards between 30 and 200 mg per 
cent glucose which may bo kept in a wooden compirator block 
Reaction tubes 10 by 7o mm Pyrex test tubes are used 
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tTranafer 500 Cm moist picric acid to a Florence flask of 1 5 liters rapicit> \dd 00 
ml of acetone. Shake with a lUtlo warming under hot tap water until all the crjstala are 
dissolved Dissolve 260 Gm of anhydrous s^ium carbonate and 100 Gm. of sodium chloride 
in *’ 5 liters of warm water in a 4 liter beaker 'UhUe stirring with a large agateware spoon 
add the acetono solution graduiUj to the alkaline salt solution When Iho reaction U finished 
let stand in cold water for about half an hour and then gradually pour the now nearlj solid 
mass on a Jiardencd filter on a large Buchner funnel ( 0 cm diameter) Wash the picrate 
"With about ntera of 6 to 10 ptr cent sodium chlorJtlo solution Dry at room temperature or 
Over a radiator Make to 1 0 per cent aqueous solution 
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Fig 1 — An easih made comparatoi block (or the permanent color standards Attached cross 
wise IS a reaction tube with iint,3 scoied at 0 25 ml 0 50 ml and 0 75 milliliter 

Procedute — riom i gnduated 1 ml pipette add 0 25 ml spinal fluid to a reaction 
tube Then add 0 25 ml 1 0 per cent sodium picrate solution ind an equ il quantitt of 10 
per cent sodium carbonate solution An ilternatue procedure, nliicli avoids the use of 
pipettes, IS to calibrate the leaction tubes bv scoiing them with a di inioiid pencil at 0 25 
ml, 0 50 ml, and 0 75 ml The spinal fluid and solutions mi) then he added fiom clean 
medicine dioppers Shake Place in boiling watei eight minutes Put in comparatoi 
block and corap ire with peiinanent standaids Express lesults as inilliginms poi cent 
glucose 

KESULIS 

Table I piesentg a compaiisou of spinal fluids analyzed foi glucose bv 
Polin’s ieiiiejaiude method and bj the piciate method The data show that 
\aiiation m spinal fluid total ptotem does not influence the similaiitj of lesults 
uith the two methods 

Cieatimne leacts with sodium pieiate to pioduce a coloi similai to that 
pioduced by glucose Table II shows a compaiison of spinal fluids analyzed 


Table I Cojiparison oi As vla ses op Spis vl Fluid fop Glucose by the Foi im 
Feppica vnide Method and b\ the Pier me Method 


TOTAL PI OTEIN 

%) 


glucose (mc 

%) 

FEl i IC\ \MDE 

method 1 

PlCRVfL METHOD 

IbS 

04 5 


05 

41 

02 1 


00 

2S 

55 0 


55 

40 

94 7 


100 

31 

5S8 


55 

45 

55 0 


55 

00 

08 9 


70 

23 

47 0 


50 

5S 

52 0 


55 

52 

00 0 


70 

80 

54 0 


60 

i 56 

66 0 


70 

so 

43 0 


35 

A\erage difference of 
% allies = ± 3 47 mg 

picrate mefliod values from feriic^ unde method 
per ct-nt glucose 
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T\BLB n COMPVrjSOV Qt thVI-isES OP Spiwl PlUlD ion GLX-COSE b\ the Pici \te 
■Mftijod With \\d 'VAitiioit Crevtimne in \ Concentbstiov op 
5 MG 1?£J CENT 


TOTVL rrOTEIN 
(MC %) 

FLl 1 II V IMDE METIIOP 


PICT VTE 

iirrnoD 


1 oLucosr (Jir %) 

1 QIUCOSE (MO 7 ) 

1 NO CPLVTIMIVF 

1 CrEATIViVE \DDED 

38 

74 0 




80 

30 

fi(> a 

70 



70 

45 

bbO 

70 



70 

128 

b0 2 

70 



70 

84 

27 7 

~ 



40 


foi gluco-ii. In the picute method ttitli 5 per cent cicatimne added to one 
oiottp This coneentntion ms found In 'theis and Pine oiilj ni seieia 
neplnitis” Coiiipaiison of the tno ^loups shons similn results for glucose 
cscept m the spinal thud contamm^ least „hicobe where tlie pieiate method 
oare a higher leadm^ Hence lu the lare patient with hoth meningitis and 
se\e\c nephritis tins eiioi might oecui 

In the absence of meningitis spinal fluid sugai leflects hiper and hipo 
gljcemia’ The 200 mg pit cent stand-rid was included to detect hjpei 
gbocraia if it CMSts 

SUMII IKl 

V modificrtion of the lewis and Benedict piciio acid method for glucose 
IS described foi use with spinal fluid icquiimg oiili 0 25 ml of spinal fluid 
No eoloiimetei is roqmied 

Results rgiee closch witli the Polm feruciriude method foi glucose (aiei 
ago diffoicnce ±3 47 nv pei cent) The condition in which spiinl fluid 
cicatimne niai cause eiioi isdistusscd 

TJjq authors are indchted to T>r \Jlan M Butler for helpful suggestions 
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ACID PHOSPHATASE TEST FOR IDENTIFICATION OF 
SEMINAL STAINS 


Sidney Kaye, M Sc 
Richmond, Va 

A TEST foi the identification of seminal stains as a means of deteimining 
the accuiacy of chaiges of lape must have a high degiee of leliability with 
almost no maigin of eiroi 

The isolation of speimatozoa piopeily fixed and stained is by fai the most 
satisfactoiy test foi the demonstiation of male ejaculate Howevei, chemical 
identification foi the piesence of seminal fiiiid adds fiiithei pi oof In some 
instances chemical identification may be of moie impoitance since it is not always 
possible to demonstiate the piesence of intact speimatozoa ivith both head and 
tail, 01 even fo identify micioseopieally the sepaiate parts with ceitamty In 
old specimens especially, some of the tails may be missing oi abnormally twisted 
and the disjointed speim heads aie extiemely difficult to identify and may be 
confused with spoies, pus cells, oi aitifacts In such situations and in aspeimia 
01 azoospeimia* m which the ejaculate lacks speimatozoa, otliei leliable micro- 
chemical tests aie desiiahle 

The fiist micioehemieal test foi seminal stains, described by Floience in 
1896, has been used geneially and accepted by scientific laboiatoiies and law 
enforcement agencies The pioceduie is simple, using a modified "Wagnei’s 
leagent (16 Gm potassium iodide, 2 5 Gm iodine, dissolved in 30 ml ivatei) 
At the line of eonfiuence between the diop of extiact and leagent, daik ihombic 
ciystals of choline iodide may be micioscopicaUy obseived Results with the 
Floience test aie not conclusive and occasionally may be eiioneous 

If soap is used in the extiaction, the test may be negative, moistuie and 
putief action aie souices of eiioi Albumin, glyceiophosphoiic acid, choline, 
tiimethylaniine, and extiacts of mushiooms, coin, blossoms of plants, onions, 
and many othei mateiials may interfeie oi give false positive lesults Many 
attempts have been made to modify the Floience test to mciease its specificity 
but none of the modifications aie leliable The subject has been adequately 
leviewed by Poliak ““ 

Ito fiist demonstiated that diied seminal stains give a chaiacteiistic 
fluoieseence luidei ultiaviolet light Howevei, this same biilliaiit chaiacteiistic 
fiuoiescence also may be obtained by many othei substances and is theiefoie 
nonspecific foi semen It is of some value in locating suspected stains over 
laige areas of garments and then marking these for later extiaction 

From tlie Office of the Chief Medical Examiner Common^^ ealth of Virginia and the 
Department of Legal Medicine Aledical College of Virginia 
ReceKed for publication Jan 26 1949 

•Aspernua is the congenital or acquired obstruction of the ducts preventing passage of 
sperm from the sex glands azoospermia is the condition of immature cells of spermatogenesis 
which may be temporary or permanent due to frequent Intercourse alcoholism or internal 
disease 
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01 tactile peieoption oi fiom tiltiTMoIct lislit ohsei\atioii that the stain is 
Miilely and thinlj dispcised oi diluted the si/c of the aiea to be extracted 
should bo incieased Bods fluids and the common stains mil not inteifeie since 
It was found that oven m conconfiated foim these do not liaie an ineieased 
acid phosphitasc actuits (See Table I ) 

Since the usual couinion eoiiliininants that maj simulate the appeaiaiice 
of semind stains all hue a lelitueh Ion acid phosplutase aetiuti (Table I) 
and stains piodnccd In semen han such a hvli acid phosphatase aetisits thcie 
IS still a Hide mar„in toi ciioi illoncd it the mmimuiu caliie foi intcrpictation 
of 1 positiie test is set at 35 units pot mi!)i)ttoi of sohition 

In the past occasion has picscnted itself nhcie the pieeipitin test of 
rainnm mas base been peifoinicd to diffeicntnti between stains of human oi 
animal oi]„m It is bclicsed that if the possibiliti of the stain henn: of nionkec 
oiigin can he luled out the picsitnc acid pliosiih itasc test would suffice to 
indicate a piostatic seeietion of human oii^in 

SLiniARS 

In the !c„ai pioof of lape scientific tiidoiicc must he specific and should 
allow no nnicin of cuoi 

The nnciochemical tests incUidiiv the I'loienee test heietofore used in 
the identification of scmina! stains bait been nonspecific 

A inioioehcmical test sn„^csted In Ilanscn and Rnsfeklt is deseiibed based 
on the !u„h acid phosphatase leccl of seminal fluid of human oiigin This 
piomises to bo both a specific and scnsitnc proccdiue foi the positue identifien 
tion of seuunal stams as an adjunct to the dcmonsti ation of whole spoimatozoa 
and of partieulai caliio in cases of aspcrmia oi azoospeimia 

cox Cl LSIOXS 

1 The acid phosphatase method of iceogiiition of seminal stains is paitieu 
lailj good in that diffcicnccs between positice and ne„atico icsults are easily 

interpreted 

2 The leaetion is ecu sensitne and appears to be specific foi seminal 
fluid of man oi monkei oiih ■Vlkaloids common food stains and bod\ fluid 
stains do not mteifere with the test 

3 Tile test can be perfoimed simultaneous!! with the demonstiiboti of 
fixed and stained spermatozoa without loss of matciial tested 

■I Seminal stains gi\e positice tests ocen aftei six mouths 

KEFPREXCES 

1 Gomori, G Distribution o£ Acid Phoispliatase ra the Tu'suea tJncIor N’orrail and Pathologic 
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■jpecimen \Mth 3 ml of \^ 1 ter, jepeit the e\tiactioix and teise the bvmple with a smill medicine 
dropper, using the same 3 ml of original water Allow sufficient time for i complete 
Q\ti action, then perfoim an and phosphitase deteiinination on 1 ml of the filtered D\trvct 
It IS eien Letter to centnfuge the extract, e\ inline the residue, and stun for spermatozoa m 
an accepted manner (Giemsa oi Gram stun is satisf ictor\), m addition to doing an acid 
phosphatase test on the supeinitant fluid these tests maj be pei formed simiilt inoously with 
the same original extiact ' 

The procedure used foi these expeiiments is i modification of the King Armstrong 
method desciibed bx the P ml Lewis Laboiatoiies», howexei, am accepted procedure for 
the determination of acid phosphatase is satisfactory, but particular attention should be 
given to the compaiatne lesults ind technique eiuplo>ed (incubition time, leagents, etc) 
In positiie cases wheie the simples eximiiied weie sufficient, m no instance were the high 
lalues doubtful as to interpiet ition, regiidless of results oi technique used A control 
should be simultaueouslv run to lulp out possible interference Positice lesults aic indicated 
by the marked, incieised acid phosphatase actnitj m compaiison with the low acid phos 
phatase aetuit) of bod) ind food cont imin ints is shown m T ibles I and II 

Table II Ann PnospitvTvst Vaiuis toi Semixvl Fluids 


KlXt \! MSn 0X0 UMIS 


Seminal fluids 

Fresh 

2,000 2,800 pel ml 

SOO 1,700 per ml 

Decomposed 

Seminal stains 

Dissolied in 5% KCN 

< 50 per sq cm * 

Dissohed in 3% NaF 

< 50 per sq cm 

Heated at 100 C for 3 min 

< 50 per sq cm 

1 dax old 

> 50 per sq cm 

1 week old 

> 50 per sq cm 

1 month old 

> 50 per sq cm 

(i months old 

■> 50 per sq cm 


•Of cloth stained with spnim'il fluid ind dried 


The color intensitx obtained with semin d stuns is too gicit to leul directly Con'-o 
queutl), dilution of the final color with distilled watei is nccessaic in ordei to ajiproxmnte 
the color intensities of stand irds i alibi ated foi colorimetric reulings Tlie dilution factor 
must be taken into eonsidentioii when m ikmg the fin il calculations 

It IS not alwais pi ictinl oi po sible to extract a definite unit irev as was preiiousl) 
suggested since absoibent piopeities ciniiot alwais be taken into eonsideiation of the 
different cloths and stains on niiteiials such as giass, sod, wood ind loiks Also, intsmuch 
as it is reosoiiahle to assume that the aiea concentration of a stain will be une\enl\ d'S 
tnbuted with its highest c once uti d ion toward the ccntei of the dried stun, judgment 
should bo used in determining the sue of the sample An aiei of appioxim itcly 1 sq cm 
usuall) will suffice 


INTERPRET VTION 

All acid phosphatase actnitv ot 25 Kmg-Aimstiono: units pci millilitei 
ot extiact ±iom an aiea ot appioxiinatelj 1 sq cm should be consideted posi- 
tive ioi seminal stains This value xvas ailntiaiih estalilished by obseication 
and compaiison with stains ot tiuit, \e 2 :etahles, body fluids, and with stains 
pioduced by semen With seminal stains, conditions inaj he epute caned, 
depending upon size, unit coneentiation, thickness, complete extiaction, dilution 
taetois pioduced by lain, vmshing, oi contaminants These vaiiables aie difficult 
to contiol 01 estimate acciuateh Theietoie, good judgment is neccssaiy ni 
dctei mining the size ol the sample to be taken It it is obvious fiom visual 
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01 tactile peieoption oi fiom tiltnMoIct lisht obsei\atioii that the stain is 
Miilely and thinlj dispcised oi diluted the si/e of the nea to be extracted 
should bo incieased Bods fluids and the conmion stains ndl not mteifeie since 
It was found that even in concenfiated foim these do not ha\e an mcieased 
acid phospbitasc actiiits (See Table I ) 

Since the usual couinion eoiilaminants that niaj simulate the appeaiaiice 
of semind stains all hue a ichtueh lou acid phosplutase aetiuti (Table I) 
and stains pioduced In semen han such a hit,li acid phosphatase aetisiti theie 
IS still a Hide niar„in toi ciioi illomd if the inimmuiu laliie foi interpictation 
of a positne test is sit at 27 units pei millilitei of sohition 

In tlie past occasion has pieseiited itself -nhcie the pieeipitm test of 
raiiinm mai ha\c been peifoimeil to diffeientnti between stains of Iniman oi 
animal oii„m It is hclieied that if the possihiliti of the stain heiiis; of nionkei 
oiigin can he luled out the ixisitne acid phosphitasc test would suffice to 
indicate a piostafic seeietion of humnii oii^in 

sLiniAna 

In the !c„ai pioof of lape seientiffe tiidoiicc must lie specific and should 
allow no iini„in of cuoi 

The nneiochemical tests lueUidiiv the I'loienee test heietofore used in 
the identification of seminal stains bait been nonspecific 

A mioioeliemical test su„^osted In Ilaiiscn and Rnsfeklt is deseiibed based 
on the ln„h acid phosphatase leiel of seminal fluid of human oiigiii Tins 
piomises to he both a specific and scnsitne proccduic foi the positne identifica 
tion of seuunal stains as an adpinct to the (lemonstiation of whole spoimatozoa 
and of partieulai saluo in eases of aspermia oi azoospeimia 

CON Cl LSIOVS 

1 The aeid phosphatase method of iceogiiition of seminal stains is paitieu 
lailj good in that diffcicnecs lictwetn positise and ne„atne icsults are easily 
interpreted 

2 The leaetion is \ct\ scnsitne and appears to he specific foi seminal 
fluid of man oi monkei oiih ■Vlkaloids common food stains and bod\ fluid 
stains do not mteifere with the test 

3 The test can he perfoimed simultaneoush with the demonsti ation of 
fixed and stained spermatozoa without loss of niateiial tested 

■I Seminal stains gi\e positne tests o\cu aftei six mouths 
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Conditions Vrch Path 32 189 199 1941 

2 Hansen P P Deferimnatjon of the Prostatic ^eid Phosplntase is a ^en ilctiiofl for 

the Medico Lej^al Demonstration of Sperm Spots Acta path et nucrobiol &candina\ 
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5 Paul Lewis Laboratories Serum Phosphatase Test, ed 3, Januarj, 1948, 4253 Port 

Washington Hoad, Milwaukee, Wis 

6 (a) Poliak, O J Semen and Semmal Stains, Arch Path 35 140 190, 1943 

(b) Poliak, O J Azoospermia and Aspermia, Am J Clin Path 18 542 547, 1948 

7 Eiisfeldt, O Acid Phosphatase Emplojed as a New Method by Demonstrating Seminal 

Spots in Porensic Medicine, Acta path et microbiol Scandmav , Suppl 58 1 78, 
1946 

8 Sullivan, T J , Gutman, E B , and Gutman, A B Theory and Application of the 

Serum “Acid” Phosphatase Determination in Metastasizing Prostatic Carcinoma, 
Earlj Effects of Castration, J Urol 48 426 458, 1942 


EKRATUJI 

In the article by Allen and associates, “A Protamine Titration as an Indication of a 
Clotting Defect in Certain Hemorrhagic States,” in the April issue, the first line, p 473, 
should read Dogs exposed to 450 r as total body \ raj develop a clotting defect similar 
to that produced by the intravenous injection of heparin i 



CULTIVATION OU m^COBACTERIUM TUBERCULOSIS 

A Comparison op Hadroohlohic Acid vnd Tbisodium Phosph ite in the 
Preparation op Sputum vnd of the Use op Fluid Dubos D u is 
IIediuji vnd Petragnani Medium 

SI VRGARET Beattie * 

Berkelev Calif 

I N 1946 Coipei and Stoner' deseribed tlie use of tiisodium pliosphate in the 
pieparation of sputum foi the diagnostic eiiltme of mammalnn types of 
Vyco tiibei adosis Tliese vvoikers repoited that this oigamsm was not de 
strojed bj contact with a 10 per cent solution (23 per cent Na 3 P 04 l 2 H 0) of 
tiisodium phosphate for a week at loom temperature and that contaminating 
oiganisms in sputum weie destioved without hazaid to the tiibeiele haciUiis bj 
contact for twentj foui hours at 37° C Van Vranken lepoited a compaiison 
of the use of o\alio acid and tiisodium pliosphate in tlie ticatment of sputum 
specimens for culture She found that the use of tiisodium phosphate jielded 
more positive eultuies tlian the use of o\alic acid both when acid fast organisms 
were obseived in diiect smears and when direct smears were negative Since 
such a proceduie would be particularly useful in a teaching lahoratorj where 
tune IS limited as well as in a diagnostic laboratoiy wheie specimens are le 
ceived at various tunes during the dav it was decided to compare tins new 
teehniijue with that described bj McNabb’ which utilizes a 3 per cent solution 
of hjdioehlonc acid m the treatment of sputum for cultivation lIcNabb s 
technique has been used for moie than ten jears in this laboiatorj 

The use of the liquid medium deseiibcd bj Dubos and Davis* has been 
studied bj a number of vvoikers both as a medium foi detecting tubercle bacilli 
111 pathologic mateiial and as an assay medium ni tests for antibiotic activitj 
against the bacillus Foley “ who compared fluid Dubos medium and guinea 
pig inoculation in the cultivation of Vyco tiibarcKlosis fiom sputum, obtained 
growth in the fluid medium in fifty and giowth in the guinea pig in fiftj foui 
of the lift} seven sputum specimens tested Goldie' lepoited cultivation of 
ilyco ttihei culosis m fluid Dubos medium from 116 of 400 sputum specimens 
No other medium was used and guinea pigs vvcie not moeidated bj this worker 
In no mstance did growth fail to occni in the culture vv hen acid fast bacilli 
had been obseived in smeai prepaiations of the sputum In cultures fiom 
thirty four sputum specimens, giovvth in the medium was observed when no 
acid fast bacilli had been seen m ilncct smcai pioparations of the specimens 

Prom tlie School of Public Health UnUer^lfj of CaliforniH 
Recei\ed for publication Jan H 1949 
Associate Professor 
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AVolinsky and Steenkin® lepoited fluid Dubos medium as satisfactoiy foi test 
mg the effect of stieptomycm on Myco tuhei culosih Wong, Hambly, and 
Andeison® found Dubos-Davis medium suitable ioi demonstiatmg the antibiotic 
activity of subtilm against the tubeicle bacillus 

Foi this study sputum specimens were obtained fiom foui samtaiia and 
the Laboiatoiies of the California State Depaitment of Public Health The 
sputum was homogenized and equal poitions weie tieated with acid (McNabb’s 
technique^) and tiisodium phosphate (Coipei and Stonei’s technique') Each 
portion of treated sputum was planted on Petiagnmi medium (modification of 
Saenz and ConstiP®), and moie than half of the portions were inoculated into 
fluid Dubos-Davis medium ' No selection of specimens to be planted in the fluid 
medium was made 

A Companson of the Effect of Treatment of Sputum With Ilydiochlouc 
Acid and Tiisodium Phosphate in Piepaiation foi Cidtuie — Of 245 sputum 
specimens tieated vitli hidrochlone acid and tiisodium phosphate (Table I), 


T^vble I Geovtii of Acid i \.st Oegavisms on Petragnani Medium PROii Sputum Using 
Acid Tkeited (McNabb) and Phospiiate Trevted (Corper and Stoner) Portions 



NUMBER OF SlECIMENS 

Growth, Tcid treated poition 

Growth, phosphate treated portion 

150 

No growth, acid treated portion 

No growth, phosphate treated poition 

0(5 

Growth, acid treated poition 

No growth, pliosphate treated portion 

21 

No growth, acid treated portion 

Growth, phosphate-treated portion 

8 

Total specimens 

245 


no growth of acid-fast bacilli on Petiagnani medium was observed from either 
portion of siNty-six specimens Of the 179 specimens in which viable acid-fast 
bacilli were found, growth was observed on the medium inoculated with both 
portions of 150 sputum specimens In twenty one of the lemammg specimens, 
growth of acid-fast bacilli which produced colonies typical of Myco tiibei cxdosis 
occurred on medium inoculated ivitli the acid-tieated sputum portion, but no 
growth of such organisms was observed on the medium inoculated with tlie 
corresponding phosphate-treated portion Prom eight specimens, giowth of 
Myco tubei culosis was obtained from the portion tieated with phosphate but 
not from the corresponding portion treated with acid It was noted ui these 
latter cultures that the medium was overgrown with contaminants which made 
the detection of rare colonies of Myco tubei culosis impossible 

Growth appeared eaibei on the medium inoculated with acid-tieated poi' 
tions of the sputum specimens in 79 of the 150 specimens where growth was 
obtained from both portions (Table II ) Since the cultures were observe 
only at weeklj' intervals, no fine differences could be seen Prom sixty-five 
specimens, colonies were observed at the same time regardless of the metho 
of treatment Prom six specimens colonies were observed earlier on medium 
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inoculated with phosphate tieated poitions than on medium mocidated ivitli 
acid treated portions Tliese acid treated specimens nere all contaminated, 
nhich may account foi tiie failure to discotoi colonies of Mtjco tuberculosis 
Contaminants uere completclj suppiisscd in the cultures from the portions 
treated with phosphate 


Table II Time or Vppilulincl oi Gromth Fro i \cid Tceated a\d Phosphate Tpeateii 
Spltlm specimens 


\Ciy TTEATEM 

1 iiiosj nvTnucun j 

SVME 

1 

LABf lER 

1 rAJ r lu 1 

lIMt 

j TOT 

79 

(j 


loO 


Eocord lias nude as to the iclitnc amount ot „ro«th oliscned in eultines 
from the paired specimen poitions (Table III ) On!} those cultures uhich 
had obvious!} grcatei amounts of giouth (from tno to one hundred times) Mere 
classified as gieater If the diffeiciioe iias kss oiiuous the amount of grouth 
uas designated as equal Of the 150 sjiceimens eontaining \iable tubercle 
bacilh 111 both poitious, the niioiint of ^louth fiom 119 nas greater m cultures 
from the acid ticated thin fiom tiu phos))hatc treated poition From eighteen 
specimens the amount of gimilli win a|>pioMmatch the same More grouth 

Table in Amuuvt oi Oiouni Fiom Vlu Tio atlo ami Piiosi hate Treated 



Spuium 

bi tCIUENS 



\Cf/>*TBnATEO 

OKEATEP 

1 PIIOSJ IlVTi Tl LXTEJi 

j Of fJil > J 

1 EQI \I 

VMOl NT 

TOTAI 

139 

n 


18 

IcO 


lias noted in cultmes flora tliiitteii phosphate treated poitions than in cultuies 
from the corresponding acid treated portions No Loiitimiiiation of cultures 
made from the phosphate treated poitions nas noted uliile in the corresponding 
cultures from the portion of sputum ticated with acid there uas considcnblc 
overgroivth be contaiiiiniiitN Probabh less growth ot Mijco tuberculosis was 
observed because of the presence of these contaminants in the cultures 

Stained piepaiatioiis were made from the suspended sediment from each 
ticated sputum poition as well as from the growth oil culture medium It was 
observed that acid fast bacilli in stained picparatioiis from phosphate treated 
sediments oi from cultures grown from phosphate treated portions in the first 
or second week were fragmented and distorted in morphologic appearance and 
irregular m staining reaetioics The contiast in the appeaiance of organisms 
m stained prepaiations from acid treated sediments or cultures grown from 
acivl treated portions was imrhed in that the organisms from the aeid treated 
portions alwa}s appeared is nonfragraented, t}pical tubercle bacilli The ap 
I'cannco of acid fast bacilli in stained prepaiations from well developed colonies 
iftcr the third oi fourth week of incubation did not differ when grown from 
icid or phosphate treated poitions of sputum 

Comparison of Growth in JOubos Davis 'Uedtum and Petragnim Medium — 
Most of the Dubos Divis medium used wis supplied by Difeo Labors 
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tones loi e\peiiinental pin poses 12 giams of Bacto Tb Bioth Base 
Expel iineutal weie added to 100 ml of 5 pei cent glyceiol solution Tins 
mixtuie was stenlized at 121° C foi twenty minutes To the cooled mediimi 
10 ml ot Bacto Tb Medium Seium Expeiimental weie added aseptieally and 
the finished pioduct was dispeised in seiew-cap Pyiex test tubes Ninety-six 
oi the 257 plants weie made in Dubos-Bavis medium piepaied in this laboratoiy 
according to the formula described by Dubos and Davis * Yeast autolysate, 
ci 3 "stalline bovine albumin, and Tween 80 weie used ' 

The diffeieiice m giowth in the two fluid media used is not statistically 
significant The Difco Expeiimental medium was used foi the fiist 161 speci- 
mens and the medium made in the laboiatoiy of the School of Public Health 
was used foi the last nmetv-six specimens The appaient supeiioiity of this 
lattei medium is piobably due to inci eased facility in the piepaiation of smeais 
111 the latei peiiod of the studj 

Of the 257 (Table IV) sputum specimen poitions planted on Petiagnani 
medium and into Dubos-Davis fluid medium, giowth was obseived in both media 
111 156 poitions No giowth was obseived in eithei medium in cultuies fioiii 
sixty-inne sputum portions The lesults weie in disagieement in thnty-two 


TaBLC IV COMPVRISON 01 GKOWlIt Ot MycO rUBbBCDLOSlS ON PtTRAQN VNI MldIUII AND 
Dubos Davis Fluid IiIedium Dipco Expebiment^u, and School of Pubuc Health 


DUUUS DWIb MLDIUM 

P GROWTH 

D GROW TH 

P NO 1 

GROWTH 

1 ) NO 
GROWTH 

P GROWTH 

D NO 
GROWTH 

p NO 
GROWTH 
p GROWIH 


Difoo experimental 

03 

44 

17 

7 


Sc-liool of public health 

03 

35 

5 

3 

96 

Total 

150 

09 

22 

10 

257 


P Petiagnani medium 
D Dubos Davis fluid medium 


instances Twentj'-two times giowth was obseived on Petiagnani medium and 
not in Dubos-Davis fluid medium, and ten times the leveise was tiiie Because 
the specimens used in the stiidj'- weie laigely tiom patients with tubeiculosis, 
the late of agieement was so high (225 ot 257) that the lesiilts could not be 
subject to statistical evaluation The giowth ot aeid-fast bacilli in eithei ot 
the two media under consider ation was not greater than might have occur red 
bj^ chance in this senes of specimens 

One ot the advantages claimed foi Dubos-Davis fluid iiiediiim is lapidity 
ot giowth which tacilitates the lendeiing of an earlier lepoit than is possible 
when solid medium is used Howcvei, it smear piepaiatious arc made tioiii 
the growth on Petiagnani medium, it is possible to observe pans oi clumps oi 
acid-fast bacilli a week oi ten days betoie colonies are vnsible, and ticqueiitly 
a lepoit can be made as eaih as is possible when fluid medium is used The 
technical difficulties encoiinteied both in the making ot the fluid medium and 
ot the stained piepaiations ot giowth in the medium are greater than m the 
making of medium oi stained piepaiations tiom the giow'th on Petiagnani 
medium The amount ot time gained bj' cultivation in fluid medium is not gieat 
enough to compensate ioi the teihnical difhiulties eiuounleied 
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The effect of treatment with hydioehloric acid oi tiisodium phosphate 
as reflected in growth in fluid (DubosDaiis medium) oi on solid (Petragnani) 
medium was observed in 127 acid treated iiid 130 pliosphite treated poitious 
of sputum (Table V ) 


Table V Geowth in Dobos Dams Medium and Pptsagvivi Mediuai Inoculated ttirn 
Acid Treated and Phosphate Treated fei utdm Portions 


MEDIUM 1 

127 

ACID TREATED PORTIONS i 

1 IJO PHO&PHATE TPEaITED PORTIONS 

Petragmom 
Duboa DaMs | 

Growth 
Growth j 

1 ^0 
growth 1 
No 1 
groutb 1 

Growth 1 

No 

growth 1 

1 No 

I cron til 1 
j Groivtli j 

Growth 

Growth 1 

1 

1 No , 
grouth 1 
1 No 
[ growtli I 



Number 

h- 1 


10 1 


« 1 

1 «• 1 

! 12 1 

1 s 


Giowth was obtained in both media from 82 of 127 icid tieated and fiom 
74 of 130 phosphate tieated poitioiis of sputum Neithei medium i mealed 
growth of 1/j/co tuberculosis aftci inoculation with tliiity tliiee acid treated 
and tliiitj SL\ phosphate treated poitious Eight specimen poitions tieated 
witli tiisodium phosphate gicw iii Duhos Davis fluid medium aud not on 
Petiagnaui solid medium, iihoieas only tivo acid treated poitions which grew 
111 Duhos Davis fluid medium tailed to grow on Pctiagnaiu medium It is ap 
paieiit that the bacilli suivinug in the phosphate tieated sputum found eon 
ditioiis inoie favoiable for growth iii the fluid medium The natiue of the 
sample (majonty specimens positive) aud the small numbei of differences in 
volved makes a statistical evaluation of the lesults impossible 

SUJIW AND CONCLUSIONS 

Tw'o bundled and foitj flic sputum specimens were homogenized and equal 
poitions tieated with ly di-ociiloiic acid (MeNabh s technique) and tiisodium 
phosphate (Corpei and Stonei’s technique) Each poitioii was cultuied on 
Petragnani medium and the late and amount of giowth of acid fast bacilli 
producing colonies recognized as typical of 1/pco iubciculosis weie obseived 
Of 179 specimens from which growth was ohtamed, 150 yielded cultures fiom 
poitions tieated by both methods This high propoitiou of agieemeiit is a 
fimctiou of the weight of the excessive numbei of specimens containing tubercle 
bacilli fiom patients under treatment in samfana (Only 74 of 245 specimens 
failed to show acid fast bacilli in stained prepaiatioiis of the scduiients used as 
iiiocula ) Diiergeiit results weie ohtamed with twentj nine specimens (growth 
from acid treated and not fiom phosphate tieated poitions ni twentj one m 
stances, and the leveise in eight instances) This ditfeienee was tested and 
slioivn to be not significant, tliat is the difference does not indicate the supeiioi 
ity of either method for the tieatiiient of sputum iii prepaiatioii for cultuie 
The distorted appearance of the oiganisms m smeai piepaiations fiom the 
phosphate tieated sediments and joimg cultures is evidence that tins tieat 
merit adveiselv affects the organisms While these numbers are too small to 
yield statistieallj vabd evidence the combined obsen atioiis suggest that the 
use of tiasodium phosphate tends to reduce the numbei of viable organisms aud 
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to affect adveisely the suiviving bacilli A sample which included a laiger 
nunibei of sputum specimens containing few oiganisms would moie adequately 
test the techniques The expeiimental evidence piesented suggests that the use 
of tiisodium phosphate for the treatment of sputum ui piepaiation foi eultuie 
may adveisely affect the giowth of the bacilli 

Dubos-Davis fluid medium and Petiagnam solid medium were equally 
effective in the cultivation of Myco iubei culosis fiom the specimen mateiial 
tested in this study The sample ivas so weighted in favoi of positiveness that 
no statistically valid diffeiences could be demonstiated Acid-fast bacilli in 
sputa tieated with tiisodiuin phosphate appear to glow less leadily on Petrag- 
nani medium than the same specimens tieated with hydiochloiic acid Some 
of these tiisodium phosphate tieated specimens giew in fluid medium and not 
on solid medium, which suggests that the fluid medium may be moie satisfactoiy 
uudei these conditions Because of technical difficulties m the prepaiation of 
Dubos-Davis fluid medium and in the piepaiation of stained smears fiom the 
giowth of acid-fast bacilli ui this medium, it would seem that theie is little 
advantage in the wide-scale adoption of this medium in public health laboia- 
toiies 

The teclmical assistaaee of Seiko Akalioahi, Mary Ciaig, Margeurite Jackson, and 
Joan James , (senior students) is gratefully acknowledged The collection and dispatch of 
specimen mateiial used m this study by the bacteriologists m the laboratories of the State 
Department of Public Health and the State Sanitaria is also appieciated The generous 
supplj of experimental medium provided by Difto Laboratoiies, Detroit, Mich, is gratefully 
ackiiow lodged 
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BACTERIOPIUGr T\PING OP S VLMONPLLA TYPHI 

A Rei out 01 T\ping iv MtciiioAN, 1947 194S 

N D HrNDi-RsoN IIS \\d W W Prurusos PhD 
Lvnsi\g Mich 

B acteriophage tipmg of Salmonclla typtn* has had a furl) hiief hut 
spectaculai eaieei since the dc\ elopmciit of this piocedure bt Ciai"ie and 
collaborators in 1938 Nunicious noiltcis in \aiioiis paits of the iiorld ha\e 
given it tiial and ha\e attested to its value Ncveithelcss coiisideiing its import 
aiico to the epidemiologist and to the clinician who is interested in furthering 
public health the phage taping method has had onh limited use A leceiit 
canvass of public health lahoiatoiies in this eountia leaeals that appioMiiiatch 
seventeen institutions are emplovmg the phage taping piocedure todav 

The possihditv of application of the Vi phases in the tieatiiient of tv^lhold 
fevei has not been oveilooked bv invcstigatois Knoiiff and associates’ have 
used tjpe specific phages iiiti av eiiouslj in the ticatmeiit of fiftv si\ patients with 
tjphoid fevei Thej leport that within twentv four to foitj eight houis after 
treatment was begun patients who had been comatose regained then appetite 
and became cheeiful and alert Dcsianlcau’ has made use of miatuies of the 
four Vi phages of Ciaigie and Ten’ for intravenous tlieiapv 

The major use of Yi phage will undoubted]) continue to be in eoiiiiinction 
with the deteetioii and identification of typhoid eariieis If the clinieian who 
attends a sporadic case of tvphoid fever as well as the epidemiologist who in 
vestigates an outbreak weio to lequcst the tvpin„ of all new stiains of 8 typtn 
isolated from either cases oi suspected can lets the beneficial lesults would soon 
bo evident to both the ph) sician and the public health authorities Should a new 
cairiei he discovered foi even a pait of the spoiadic cases that occur the total 
elimination of the disease would he much hastened Eoi it is evident tnat the 
known carriei who is excluded fiom food handling occupations and who is awaie 
of the possibility of infecting otlicre is seldom a hazaid 

The initial discoveiy that led to t)ping was the finding bv Ciaigie and 
Brandon* of ceitain stiains of bacteiiopliages which would l)se tvphoid bncteiia 
bearing the Yi or so called viiuleiicc antigen Foui Yi specific phages were 
isolated b) Craigie and Yen ’ one of which had the peculiai ahilitv to adapt 
itself to cel tain stiain differences of cultuies of S typhi containing Yi snti 5 ,en 
These stiaiii differences vveie not demoiistiable bv anv means othei than Yi 
plngc action By adaptation and selective piopa„atioii of valiants of this 
unusual phage eleven t) pc specific phages wcie produced These phages when 
applied to numeious stiains of tvphoid baetciaa isolated fioin a vaiietv of cases 
and localities demonstrated that the tapes of S typhi were limited in number 
and were rcadil) differentiated 

Prom tlic Dl\lRlon of Labontories Mlchiean Department of Health 
ReceUcl for publication llarch J4 1949 

The nomenclature used in this paper Is that of the Kauffmann ^\ hite chema 

739 



740 


HENDERSON AND FERGUSON 


It was fulthei obseived that tlieie was a notable agieement of the lesults 
obtained in the laboiatoiy with epidemiologic data “ Foi example, the iccoveiy 
of the same phage type fiom a caiiiei and a gioup of connected eases was foimd 
to agiee with the lesults of field investigations On the othei hand, the lecoveiy 
of dissmiilai tjpes fiom a caiiiei and a gioiip of i elated eases was found suffi 
cient giounds for excluding the caiiiei fiom consideiation as the souice of the 
outbieak In the laige majoiity of such cases fuithei investigation levealed 
the cainei lesponsible foi the outbieak 

Of fiist impoitance is the fact that phage types of S typla have, ivith only 
a few laie exceptions, been found to lemain stable both in vivo and in vitio 
Thus it IS possible to deteimine the phage type of the typhoid oigamsm which 
a camel is excieting, with the expectation that the type will not change eithei 
in the oiiginal oi in a new host 

New phage types of S typlii have been lecognized since the original woik 
of Ciaigie and Yen and today there are twenty-five known types The typing 
technique,®’^® however, is relatively unchanged from the method worked out 
in 1938 

OBSERVATIONS 

Previous to 1948, the Michigan Depaitment of Health investigated two out 
bleaks of typhoid fever in -which bacteriophage tipnig contributed necessary 
evidence for indication of responsible eaiiieis® Because of these expeiiences 
in which the value of typing was clearly shoivn, the technique was instituted in 
oui laboiatoiies as a trial pioeeduie in October, 1947 Ovei a peiiod of one 
>eai the method of Ciaigie and Yen^ was applied to 432 cultiiies of S typln 
which weie isolated from 209 individuals, lepieseiiting both cases of tj^ihoid 
fevei and camel’s 

Table I shows the various t^pes identified dining the period October, 1947, 
to October, 1948 Of the 432 cultures, ive were able to type 341 (78 90 pei cent), 


Table I Vi Phage Types of Salmoneilv T\phi Isolated Prov Cvses vnd Cvrriers iv 
Michigan — October, 1947, to October, 1948 


TYPE 

CASLS 1 

CARRIERS 

1 tot vl 

IND * 

1 ISOL t 

IND 

1 ISOL 

IND 

1 % 

ISO! 

1 % 

A 

lb 

32 

17 

31 

33 

15 SO 

63 

14 bO 

B, 

0 

0 

1 

3 

1 

0 48 

0 

> 

0 69 

B 

8 

7 

3 

5 

6 

2 87 

12 

2 78 

B 3 

2 

0 

0 

5 

t 

191 

8 

1 S5 

C 

7 

8 

15 

36 

22 

10 50 

44 

10 20 

D. 

b 

11 

5 

10 

11 

5 26 

21 

4 86 


2 

2 

5 

8 

7 

3 35 

10 

2 32 

D 

1 

2 

1 

2 

2 

0 9fa 

4 

0 92 

D. 

0 

0 

2 

2 

2 

0 9b 

2 

0 45 

E. 

44 

91 

26 

54 

70 

33 45 

145 

33 60 

P. 

4 

8 

8 

17 

12 

5 75 

25 

5 79 

J 

2 

3 

0 

0 

2 

0 06 

3 

0 69 

N 

0 

0 

1 

1 

1 

0 48 

1 

0 23 

Untjpeiible 

17 

41 

10 

50 

3 b 

1720 

91 

21 10 

Total 

104 

208 

105 

224 

1 200 1 

1 432 


•Imlividuals 

tlsolations 


•The tjplng of strains fiom both outbreaks was cariitcl out by couitesj of Dr James 
Craigle 











B VCTFKIOl U \0r OF SVLMONELLuV T\rHI 


741 


while 91 (21 10 pel cent) pioied to be untjpeahle Oui experience with niitype 
ihio s>tniiis is evideiitlj the same ss that o£ iiiaiij othei woikeis Buckle' in 
his coiiipiehensive icmcw of tipiii<, all ovci the woild, leports tint 2196 poi 
cent of tj phoid striiiis weic found hj i ii lous people to he uiiti peahlo 

Dunng tlie period eoieied In this lepoit thcie were 83 lepoited cases ot 
ti phoid fevei in Miehigni fioni which we recened 20S cnltmes foi tjpnig 
Positiie ti pings woie oht lined on 167 (80 28 pel cent) Cultures fiom tj phoid 
caiiieiib, foi the same peiiod totaled 224 of which 174 (77 70 pei cent) weie 
tjpcd jVniong the 50 iintjpeable cultmes isolited fioiii cairiei specimens weic 
seven strains of a small colonj \ainiit of S /yplii which appeared to ho simihi 
to those described by 1101113 and eo woikei’s “ ” The \arioiis small eoloin strains 
were all isolated fioni repeat specimens fiom the same caiiiei and proved to be 
W in form 

The distribution of tjpes found in Michigan is compaiahle for the most 
part to that lepoitcd hv authors 111 other parts of the world' Phai;c tjpe Ei 
pi'edomiinted in our senes making up 33 60 per cent of the total cultures re 
ceived Included in the 145 tjpe Ei stiaiiis are cultuies isolated from two out 
bleaks 

111 Soptemhoi, 1947, cases of tj phoid foverweie lepoitcd from a limited area 
on the oiitskiits of one of Micliiean s larger cities Investigation showed that 
a factor eommoii to all patients was the diuiking water which came from a 
neighbor’s well Baoteriophage tjpnig confiniicd the fact that all cases were 
piobablj infected from a single soince, since all cases jieldcd ciiltmcs which 
weie phage tvpe E, It was discovered that the owner of the well had rceentlv 
nistalled running water nr Ins horrsc and at the same time had provided a new 
liathroom and septic tank The disposal field for the septic tank was located 
quite close to the well, and once the tiiik was in use cases of tjphoui fever 
began to appear in the neighborhood 

Meiiibere of the family owning the well weie not affected, piobahiv because 
thej had discontinued use of the well watei 'Witlnn a conipaiativoly shoit time 
there were fourteen cases of typhoid Spcciiiieiis fiom the foiii niembeis of the 
family were examined and two vvcic found positive foi S typlu It was soon 
proved that Grandmother S was a typhord cairier excreting phage type E, 
orgaiiibiiis and that her oianddarightei was a piohahle contact cairiei The 
giaiidd iiightei like hei gi andmotliei excieted pln^c type E, oiganisms 

The second type E, outbreak involved persons eating 111 a faotoiy cafetoiia 
Epidemiologic evidence was again supported by phar,c typing Specimens fiom 
seven patients contained cultures of S typlii winch were all phage type E, 
Investigation of the food handleis revealed a tv phoid earner who was exctetin„ 
phage type E, The closing of the cafeteria lesulted in the cessation of the 
outbreak 

Other than these two cpidemrcs the remainder of the 20S case cultures were 
obtained from spoi-adie cases of typhoid fever Bradley'” refers to these sporadic 
cases as “climlrs 111 the complex armor of iiiodein sanitation ’ and states fiirthci 
that “it IS only hv counting these sporadic cases which fail to initiate onthiealvs 
that vv e have a true measure of the efficiency of our sy stems ’ ’ 
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It Will be noted fiom Table I that 10 stiains of phage type D^HP^u weie 
identified Phage D^HP^^ is the newest of typing phages and was piodiiced by 
Ciaigie^^ fioni cultuies submitted by the Sliclugan Depaitment of Health follow- 
ing an oiitbieak in Highland Paik, Mich, in the siimmei of 1946 A detailed 
lepoit of this oiitbieak is in piepaiation As fai as we aie awaie, the isolation 
of D^HP^o has not been lepoited elsewheie in the liteiatnie 

Oui typmg expeiienees have meliided niimeioiis oppoi tiinities to examine 
lepeat cultuies from seveial individuals We have typed suecessfullv thiiteen 
cultuies isolated fiom each of two individuals, and in one case we have leceived 
fifteen cultuies of the same type fiom one peraon With but one exception, 
repeat specimens have all yielded the oiiginal type The exception was a caiiiei 
who was apparently excreting two phage types A discussion of this caiiiei 
ivill be presented in a foithcoming papei 

At the beginning of this study it was oui intention to conduct a survey of 
the 266 known earners in Michigan foi the purpose of indicating the phage type, 
where possible, to the Bureau of Disease Conti ol The desirability of baling all 
knoivn caiiieis typed has been stiessed by numerous workers in this field, among 
whom aie Oraigie^^ and Morns and associates ** Oui original intention has been 
onlj' partially fulfilled, chiefly because cultuies have been submitted fiom only 
105 earners Howevei, there is some doubt in oui minds about the value of a 
complete tj^iing on all caiiieis in Michigan, at least from the standpoint of 
epidemiologic control It has been oui experience that we have not received a 
culture from a case of typhoid fever who was uifected bj’’ a carrier Imown to tlie 
Bureau of Disease Control This fact was confirmed by the Director of the 
Bureau who stated tliat there have been only three cases of typhoid fever trace- 
able to knorvn eaiiieis since the earner control program was begun in 1932 
Korns and TnisselP*' state that at tlie tune of then writing 465 Immvn 
cliiome carriers were listed in New York State It is estimated that 2,500 car- 
riers are included in New York’s population It seems probable that a similar 
condition exists iii Michigan Howevei, in the vast majonty of eases, the earner 
will be an unknoivn In oui limited experience the indications are tliat phage 
tjping will be of value in this state, especially for incnmination of the true 
earner in sporadic cases and outbreaks of typlioid fever 

SUMMARY 

1 Bacteriophage tjpiug has been applied to 432 cultures of S tijphi isolated 
nr j\Iichigan Positive typings were obtained with 341 cultures representing 
thirteen different phage types Among the 341 cultuies were 167 from active 
cases of typhoid, while 174 cultures were typed from earners Eleven phage 
Hpes were found among the case cultures and twelve were demonstrated from 
carrier cultures 

2 Ten strams of the new phage type DjHP^o were identified 

3 Two epidemics, in which phage ty-^ping was of value in ainvuig at a 
solution, are discussed 
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4 Attention n> diawn to tlie fact that theie have been onlj thieo cases of 
typhoid fevci in Jlichi'an that weit tiaced to known typhoid earners since 1932 
It u felt that the known typhoid caniei is seldom i public health menace 
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FOKMATION OF ANTIBODIES IN HUMAN SUBJECTS AFTER THE 
INGESTION OF HEAT-KILLED BRUCELLA ABORTUS 

Abraham I BRiUDE, MD , David Gold, BS, and Dorothy Anderson, BS 

Minneapolis, Minn 

T he agglutination test is widely used m the diagnosis of biucellosis Re- 
sults must he inteipieted cautiously, liowevei, because agglutinins aie known 
to appeal in the seia of peisons who do not have brucellosis Those conditions 
othei than active biuceUosis in which seiiim agglutinins foi BiuceUa may be 
piesent aie shown in Table I The mavimum titeis which have been obseiied 
aie also listed Aftei therapy with stieptomyciu and sulfadiazine, theie is a 
peisistent elevation of titei foi as long as a j'ear following complete lemission 
111 some patients^ These individuals have been checked carefully at the Uni- 
versity of Minnesota Hospitals foi evidence of continued bacteiemia as well 
as clinical signs of infection, and neithei has been found It is well known 
that the mtioduction of Brucella antigens into the tissues, either intiadeimally 
foi diagnostic purposes oi for theiapeutie ends, stimulates the pioduction of 
agglutins “ Similar inoculation -with choleia antigens has the same effect ac- 
coidmg to the woik of Eisele, McCullough, and Beal ^ Other conditions in 
which cross agglutinins foi Biucella occur aie tulaiemia and typhoid fevei ^ In 
addition, it has been suggested that the titer of Brucella agglutinms may use m 
1 espouse to an ananmestie leaction stimulated by another infection Boits^ 
mentions a use to 1 160 occuirmg in pneumococcic pneumonia 

These examples probably account foi only a small percentage of what might 
be called “false-positive reactions ” At the University of Mimiesota Hospitals, 
Aagaaid® has observed that Biucella agglutinins were piesent in 9 3 pei cent 
of blood samples obtained from 352 consecutive iinal patients who were being 
studied in a dispensary service for vaiious eauses A diagnosis of biucellosis 
was established in only one of these patients The present investigation was 
iiiidei taken to determine whether the agglutinins demonstrated in the sera of 
these patients coidd have been produced by the lepeated ingestion of pasteurized 
miHv containing large numbers of uonviable Bi abo)tus Dolman, Hudson, and 
hlathias" studied the sera of healthy volunteers who drank suspensions contain- 
ing about 210 billion Bi ahoitus m divided doses over a period of six weelcs 
Thej found that no use in serum agglutinins lesulted and they concluded that 
it was unlikely that a titei of 1 20 oi higliei could be provoked in man by the 
mgestion of milk eontaming dead Biucella organisms Only eight peisons were 
included in then experiment 

From the Division of Internal Medicine Umversitj of Minnesota Hospitals and Medical 
School 
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Table t Conditions Otiiei Tu\n Active Brucellosis is Which Serum. Agglutinins ior 
BnucELiA Mw Be Piesent (Titep op Acciutisins) 


FolloniDg succcbsful antibrucoUa tberajn 1 2 oGO 

After mjectiou of BruceUn. antigens for skin test or vaccmc tUcrapj 1 1,280 

After ckolera vacunation 1 2,500 

Tularemia Low 

Typhoid feier 1 IGO 

Anamnebtic reactions 1 100 


METHODS 

Ur abortus strain 12o7 obtained from tlm National Institute of Health, was u^ed 
throughout this study Cultures grown for forty eight hours on tryptc^e phosphate agar 
were suspended m physiologic suluie solution md were hilled by heating at 6o for thirty 
minutes The suspensions prepaied m this manner were carefullv cliecked for sterility and 
phenol was added m a concentration of Oa per cent Appropriate concentrations of bacteria 
were made by adjusting the den itv of the suspensions in a photoelectric coloruneter The 
colorimeter had been standardized at a denailv of 1 inilhon Btutella. cells pet milliliter by 
means of *1 suspension of living org-inisms whose colony count had been determined by the 
standard pour pKte method Guinea pigs were selected as the initial subjects because of 
the demon t ation bv Batner md Gruehls that undigested antigens ate absorbed tlirough the 
normal gastrointestinal wall of these animals at all ages Healthy guinea pigs which had 
been obtained from rebablo sources and wluch weighed upproximatcly -lOO grams were used 
^\ater was withheld from their diet during tho experimental period as it was found that 
animals wlntU were not tUiratv failed to swallow the Brucella suspen ions The aqueous 
suspensions were fed to guinea pigs bv inserting the tip of a tuberculin 'lyTingo into their 
mouths and slowli injecting a measured Tolumc The animals were divided into two groups 
aa shown in Table II One group received a ’unglc feeding of 100 bilhoa organisms The 
other group received the same amount in ten divided feedings over a period of fifteen days 
Blood was drawn for ngglutiuatiou tests b> cirdiac punotuie immediately preceding the period 
of feeding and also three and five weeks after tins period was started 


Table II Failure to Induce the Formvtios of ^cclutinins in Guinev Pigs Ied 
Heat Killed Br vbortus 


NUMBEP 01 1 

rUlNEVPIfS ! 

number of organisms 

PET FELDIEO 

NUMBER OF 
VEEDIN08 

NUMBER DPV ELOPING 
AGGLUTININS 

9 { 


1 

0 

8 ! 


10 

0 

lotcil 17 

1 


0 


The effect of ingestion of thc'io orgaiusmi was also studied m human volunteers A 
summarv of the procedure which was used for feeding these persons is giicn in Table III 
The first group was composed m part of medical students m apparent good health The 
Tcmamder were young men who had recovered from acuto poliomyehtis and were hospitalized 
in a convale^iccnt home The general condition of these patients was excellent The subjects 
m Groups 2 and 3 were ho pital patients The vast majority of these were hospitalized for 


Table HI Methods of ADitiNiSTERiNo Heat Killed Brucell-v. to Thpee Groups op 
Human Subjects 


i 

GROUP 1 

NUMBER 

OP j 

SUBJECTS j 

NUMBER OP ^ 

OROVIISMS j 

VEincu: 1 

NUMBrP 

01 

FEEDINGS 

lENTTII OP 
lEEDINC PEPIOD 

1 


100 billion 1 

Water 

1 



•'f 


laBteunzcd milk 



3 

S 

1 1 billion 1 

Pasteurized milk 

1 10 12 1 

12 20 days 
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plastic surgery or treatment of fractures Organic disease of the gastiointestinal tract was 
demonstrated in only four of the sixty seien individuals Those in Group 1 leceued a smgle 
feeding of 100 billion Brucella in watei Preliminarj studies were made with this large dose 
to determme whether there was any possibility of piodueing agglutinins by the ingestion of 
Brucella 

In the case of Groups 2 and 3, an attempt was made to reproduce the naturally occur 
ring circumstances in which heat killed Brucella may be ingested in pasteurized milk This 
was done by the addition of the Brucella suspension once i daj to milk which the patients 
consumed in their regular hospital diet This milk was furnished to the ITniveisitj Hospital 
by the University of Minnesota School of Dair} Husbandry where it is pasteurized and 
bottled Samples were tested for whey agglutinins on several occasions and the titers obtained 
were found to range from 0 to 1 10 By far the greatest proportion of this pooled milk came 
from Brucella flee herds The small percentage of milk coming fioin animals infected with 
brucellosis was so greatly diluted that the final pasteurized product which was ingested by 
the hospital patients can be considered free of all but negligible amounts of Brucella antigen 
or antibody 

Members of Group 2 received 100 million organisms daily in this fashion for ten to 
twenty feedings during periods of ten to tliirti days The dose was reduced to a million 
organisms daily in Group 3 to deteiiuine whethei a relatively small number of cells might be 
effective Blood was collected when the feedings vveie commenced and two to three weeks 
thereafter Agglutination tests were performed on each sample of blood by the st indard 
tube method * Brucella opsonocytophagic tests were performed on sixteen subjects by the 
method of Jersild a These weie interpreted on the basis of the Foshay nomogiam lo 

RESULIS 

Agglutinins failed to appeal in the seia of any of the seventeen guinea pigs 
(Table II) Agglutinin pioduetion occuiied in human subjects, howevei, in 
each of the thiee categoiies (Table IV) Of the twenty -thiee subjects who weie 
fed a massive nunibei of heat killed Bi ucella, foui de\ eloped agglutinins This 
indicated the feasibility of experimenting with smaller numbers, and it was 
found that aftei the lepeated ingestion of 100 million cells, significant titeis 
of agglutmins weie detected in eleven of the thnty-six peisons When the total 
numbei was leduced to 1 million daily, one of eight additional patients showed 
a use in titei Of the entiie total of sixty -se\ en individuals, agglutinins weie 
piodueed in sixteen or 23 5 pei cent 

In Tables V, VI, and VII theie is an analysis of the individual agglutinin 
responses Surprisingly high titers developed nr group 1 One individual nr 
this gioup displayed a rise nr titei from 0 to 1 640, two to 1 160, and one from 
1 20 to 1 SO The last-mentioned ehange was significant because there was not 
only^ a four-fold rise in titer but also a stiiking change nr the phagocjdic index 


Tvble IV Agglutimx Foi jiation following the Ingestiov by HDirAY Subjects op 

He vt Kili ED Br vbortus 


GROUP 

NUMBER OF 
SUBJECTS 

NUMBER OP 

ORGANISMS PER 

FEEDING 

NUMBER OF 
FFEDINCS 

NUMBER DEVELOPING 
AGGLUTININS 

1 

23 

100 billion 

1 

4 (17 0%) 

2 

36 

100 million 


11 (30 5%) 

3 

S 

1 million 


1 (12 5%) 

Total 1 

67 


1 1 

16 (23 9%) 


•The tube antigen was prepared by the Bureau of Vnimal Industr> Beltsvllle Md 
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Table V Subjects in Whoat SEruar Agolumnins Develoieb Airrcr a Single Oral 
Adjiinistration op 100 Billion He.vt Killed Brucella Oroavisais in 
Aqueous Subpcnbion 


group 1 1 

subject I 

SEA 

i 1 

[ AGE j 

1 

INITIAL TITEP 

TITER AFTER FEEDING 

•A S 1 

M 


0 

1 ICO 

D V : 

M 


1 20 

1 80 

B A ! 

M 


0 

1 640 

D 0 

M 


0 

1 160 


table VI Subjects in "Wiioai Sehuai agglutinins Developed Apteb Dail\ Feedings op 
ONE Hundred Million IIeat Killed Brucella Cells 


OBOUP 2 

subject 

see 

AGE 

INITIAL TITER 

TITER AFTER FEEDING 

I A 

F 

61 

0 

1 40 

E P 

F 

70 

0 

1 80 

B L 

M 

88 

0 

1 40 

0 M 

F 

73 

0 

1 20 

0 L 

F 

58 

0 

1 20 

J S 

M 

CO 

0 


G H 

M 

62 

0 

1 40 

0 N 

F 

54 

0 

1 40 

N- L 

M 

61 

0 

1 40 

J P 

M 

48 

0 

1 20 

F W 

M 

GO 

0 

1 160 


Table VH Agglutinin Fopmation Following tub Daily Ingestion of One Million 
Heat Killed Br abortus 


GROUP 3 1 

SUBJECT 

[ 

; sE^ 

1 

AGE 

1 NUMBER or 
[ FEEDINGS 1 

1 INITIAL 1 
[ TITER j 

1 TITER AFTER 

I FEEDING 

A T 

M 

41 




8 P 

F 

80 




E B 

F 

29 




C R 

M 

59 




0 S 1 

M 1 

68 I 




L N ; 

M 1 

1 




A 0 

M 1 

49 ! 




B S 

M 1 

50 1 





Table VIII Phagocatio Indices BtFors and \btlr tub Ingestion op Heat Killed 
Br. abortus in Subjects Wuose Sera Displaced k Rise in Aqolutiniv Titer 


SUBJECT 

INITIAL 

AGGLUTININ 

TITER 

AGGLUTININ TITER 
after FEEDING 

INITIAL 

PIIACOCYTIC 

INDEA 

PHAGOCYTIC 

INDE\ AFTER 

feeding 

A S 


100 

2 


B A 

0 

640 

3 


D 0 

0 

160 

4 


D \ 

20 

60 

12 


F W 

0 

160 

1 


I V 

0 

40 

7 


E P 

0 

80 

5 



16 
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(Subject D Y , Table VIII) The titeis developed by the next gioup (Gioup 2) 
weie lowei and langed fiom 1 20 to 1 160 In Gioup 3, the single elevation 
which occiiiied was to 1 40 

The seia of the sixteen subjects m whom dgglutinms foi Biucella had ap- 
pealed weie also tested foi opsonms befoie and after the mgestion of BiiiceUa 
In seven of these theie weie iiicieases laugmg fiom 10 to 90 over the initial 
phagocytic index (Table VIII) 

Finally, the ability of dead Brucella to sensitize the skin was investigated 
in eighteen peisons who ingested 100 million oiganisms daily foi ten to twenty 
feedings Sixteen of the eighteen had negative skin tests with Biucelleigen anti- 
gen after the feedings -weie discontinued Two peisons having positive tests 
at the beginning of the expeiimeiit showed no alteiation in skin sensitivity as a 
lesult of the feedings 

DISCUSSION 

These lesiilts demonstiate that the ingestion of nonviable Brucella may 
give use to the pi eduction of agglutinins oi opsonins This may help explain 
the oeciiiienee of aggliitmms in the blood of some asymptomatic peisons who 
inhabit aieas ivheie Bang’s disease is pievalent ui cattle Under natiiially 
oceuiimg eiicumstauees, dead Biucella may be ingested in pasteurized miUi oi 
may result fiom the action of gastiic juice on living oiganisms which entei the 
stomach in law milk Studies now in piogiess in this laboiatoiy have deinon- 
stiated a definite bacteiicidal action of human gastric juice against Biucella 

This study also suggests that the development of demal hypeisensitivity 
does not accompany the piodiietion of agglutinins aftei the mgestion of dead 
Biucella Most individuals whose seia contain Biucella agglutmms also display 
deimal hypeisensitivity to Biucella antigens In the survey made by Aagaaid,® 
the incidence of negative intiadeimal leactions was only 4 pel cent in such 
peisons In a gioup of sixty-five subjects giving positive agglutination tests, 
Biaude^ found only foiii (6 per cent) who did not leact to any one of four 
Biucella antigens applied intiadeimally Peisons who might acquire agglutmms 
in then seia by the mgestion of pasteurized indk containmg large numbeis 
of heat-kiUed Brucella would, theiefoie, be expected to compiise a relatively 
small peicentage of all those having positive aggliitmation tests 

Seveial factois may account for the negative mtiadermal reactions which 
weie obseived m subjects w’ho weie examined foi hypeisensitivity aftei ingest- 
ing heat-kiUed Biucella The quantity of Biucelleigen employed m each test 
was the usual dose of 01 milligiam This amount may be madeciuate foi elicit- 
ing positive leactions m the piesence of a small degiee of hypersensitivity Ex- 
posiiie of the organism to both heat and gastiic juice may lemove the antigenic 
components which aie lesponsible foi inducing hypeisensitivity It has been 
leported that dead Biucella may induce hypeisensitivity when injected mto the 
tissues of expel imeiital animals Leon and Sosa^^ observed that positive mtra- 
deiraal leaetions to Biucella antigens w'eie obtained m labbits aftei the lepeated 
injection of dead Biucella Similar lesults have been noted in this laboiatoiy 
in studies made m guinea pigs, although the leaetions weie of much weaker 
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luteusitj tlnn those occiuiiiig m inimils infected iiith Ur abortus On tlie 
other hand, Fleisclinei and JIcj ci ' ai tic able to stiinul ite the production o± 
agglutinins in the sera of guinea pi^s but could not sensitize then skins bj the 
repeated injection ot iniUions of beat killed Biiieella Stroom'^ failed to pio 
duce seusitnatj in guinea pigs iilieu hcitlilled Biiicella iieie introduced with 
an adjmant (kieseloUlii) These disciepaneies in the lepoits of Taiious authois 
niaj be the lesidt of difteiences m the stiauis and quantities of Brucella which 
were used in the respeetiee eNpeiiiiieiits In the pieseiit investigation, obsena 
tioiis were limited to the effects of onlv one stiaiii It will be nccessaij to repeat 
these studies in human subjects watli a uumbei of strains administeied ovei a 
longer period of tune 

It IS presumed that the pioduction of agglutinins in tins studj was lelated 
to the passage of Brucella antigen fiom the intestine into the blood Such an 
absorption of undigested antigens bj the intestinal mucosa has been demon 
strated bv several investigatois Bj means of the Piausnitz Kustnei leaction 
the absorption of undigested fish and egg proteins in human beings has been 
noted b) Walzei’* and Ratuei and Giiielil* Thev have also shown that guinea 
pigs maj he sensitized and latei killed hj auaphj lactic shock if tliej aie fed 
cows’ milk on successive occasions Hektocn ’ using the piecipitin test, de 
tected the piesence of thvioglobubii in the poifal blood of dogs which were fed 
beef thyroid The lesiilts which we ohtained bj feeding dead Biucella organ 
isms may be regaided as additional evidence of the peimeabihty of the intestinal 
mucosa to proteuis Tlieie is also a possibilitj that the whole Biucella cell 
can permeate the intact mucosa Arnold'® has found that tj phoid and colifomi 
bacilli entered the thoracic duct and reached the bier in large numbei's after 
these bacilU vveie placed in the duodenum of dogs 

It IS difficult to eaplaui whj agglutinins failed to appear in the sera of 
guinea pigs aftei they were fed massive doses of heat killed Brucella One of 
us (A B ) has observed in othei e\pcriiuents tliat agglutinms can be pioduced 
in guinea pigs by the uijection of heat killed Br dboi tus into their skins The 
titers which were pioduced in the seia of these anniials weie somewhat less than 
might be espeeted Animals which wcie injected with a total of one billion 
to ten bdlion orgamsms ov ei a period of eight to tw elve weeks developed agglu 
timii titeis in their seia which seldom evceeded 1 160 and often measured onlj 
1 40 01 1 SO It appears therefore that agglutninis may not be produced 
readilj in giunea pigs bj the adnunistiation of dead Biucella and that oral 
doses even more massive than we eniplojed mav be necessarj foi the production 
of agglutinins in these ammals 


SUMMARY 

1 Heat kiUed Biucella cells vveie suspended in water or in mdli and fed to 
sL\tj seven human v oluntecrs In sixteen, oi 23 9 pel cent of the individuals, 
aggliitinuis appealed ni the sera after the peiiod of feeding 

2 Dermal hj persensitiv itv to Bmcella antigen was not induced bj the 
ingestion of nonviable Biucella 
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LiVBOEATORY -VND CLINICAL OBSERVATIONS ON AEROSPORIN 
(POLA"AIYXIN B) 

Ernest J uvetz, M D , Ph D , and Virginia R Coufman, A B 
Sin Francisco, Ciup 

A n antibio I’IC substance with reunrkable icUiity against giani negative 
bdcteiia ivas lepoited recently by Bioiinlee and Bushby * This sub 
stance, Atrospoiin (Palyinyim ■!) is a polypeptide pioduted by the soil 
organism Bacillus aerosjioius Greei The bacillus iias found to be identical 
intli Bacillus pohjmyxa (Piazmouski) Migula’ fiom which Staiif,)i and oo 
workers* had denied anothci antibiotic substance Polyniy-iui (Politm-Ntn D) 
Further study indtcated’ that B pohjmijxu produced a number of peptides iiith 
simtlai antibiotic ptoporties liut diftcimg from each othei m then amino acid 
content and then toMoity toi animals 

One of the polypeptides (PoHmwin D), evtcnsiitly imestigated m the 
laboratory bi Stansh and associates'* ins guen an early clinical trial by 
the group at the Johns Hopkins Hospital*" PolyrnyMii D was tery active 
against many giam uegatne bactein both m yitio iml in animals, its tov 
icity foi ammds nas lelatiiely low and it appealed to be elimcally usffnt 
Howeyei, definite eytdence of leiial toxicity yv is soon discoieied and elunoal 
use of the dutg yvas abandoned " 

Another peptide pioduoed by B polijmyxa, Aeiospoim (Polymyxin A) 
yvas shown to be five to fifty times moie active by weight against ceitain gtam 
negative bacteua than stieptomvem ‘ Its aiitibaeteiial spcefium resembled that 
of Polyniyxin D It was claimed to be bacteiicidal rathei than baetei lostatic 
and susceptible oigauisms did not leadily develop lesistance to its action 
It did not contain the ammo acid, d seiine believed to be nephrotoxic Chmeal 
trials’* of Polvmvxin A indicated good response iii children with whooping 
cough and in othei infections with giam negative bacteria 

These lepoits suggested a tiial of this gioup of drugs m infection of the 
ttnnary tract caused bv giam negative organisms in which the effect of tlie 
antibiotic could be studied quantitatively by bjcteraologic methods Obseiva 
tious made in the Uboiatoiv and on patients in the course of these trials ait 
reported here 

VIATPKIAIA VND VIETtlODS 

The drug piepaiatioii used was Aciospoiiii Bland Polvmvxin B (Hvdio 
chloride) ND No 110,* hereafter icf erred to as Polymyxin B It was supplied 

, From the Departments of Bacteriology and Pediatric^ UnlstrsiD of California ifeilfca? 
School 

Supported In part hy a grant from the Research Committee of the UnlNcrsltv of Call 
fomia Medical School 

Received for publication March 11 1949 

Kindly supplied In generous amounts b> Dr D S Searle Burroughs Wellcome &. Co 
Inc. Tuckahoe T K l 
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111 Vials each of which contained 60 mg of white amoiphons inateiial eqtuva- 
lent to 40 nig of Polymyxin B Solutions of desiied stiength iveie piepaied 
by dissolving the contents of a vial in iinbuffeied 0 85 pei cent sodium chlo- 
iide solution At the beginning of this investigation a random sample of 
Polj^myxin B was diluted to a concenti ation of 200 /tg pei millilitei, fiozen, 
and stoied m ampules at -70 C This sample was used as standaid of lef- 
eience ui all laboiatoiy tests 

Bacteiia isolated fiom the mine of patients with infection of the uiinaiy 
tiact Aveie giown in Pioteose-peptone bioth (Difco) for eighteen hours at 
37° C and the density of the cultuie was then adjusted with bioth to that 
of the MePailand tube No 2 Foi the deteimination of bacteiial sensitivity, 

0 2 ml of a 10"'‘ dilution of such a cultuie was used in a tube dilution pro- 
ceduie slightly modified fioni Biownlee and Bushby ® The tubes weie uni- 
foimly incubated at 37° C and lead aftei eighteen houis A standaid oi- 
ganism (Esclieiichm coli) of knoivn and constant susceptibility to Polymyxin 
B was included in each test 

Seium levels of Polyraj-xin B weie estimated by a method^ similai to that 
used foi deteimination of penicillin in blood seium The fiozen stock of 
Polymyxin B seived as standaid of lefeience 

EXPERIMENTAL 

1 Physical Chai actei ishcs of the Diug — The contents of vials dissolved 
lapidly and completely in watei oi physiologic salt solution, foimmg a deal, 
coloiless solution of pH 7 2 to 7 4 Sixty milligiams dissolved leadily in 2 
ml of solvent The stability of such solutions was lemaikable At -70° C, in 
solutions containing 200 yg pei millilitei, theie was no loss of activity ovei a 
peiiod of file months Activity was evaluated both against oigaiiisms of 
Imowii and stable sensitivity and against fleshly piepared solutions Al- 
though veiy dilute solutions deteiioiated slowly at loom tempeiatuie, in con- 
centi ations of 4 mg of Polymyxin B pei millibtei antibaeteiial activity was 
not sigmficantly diminished aftei sixty-two days at eithei 4° C oi 37° C The 
diy pi epai ation was stable foi at least five months at 22° C 

Changes in hydiogen ion concenti ation did not gieatly influence the anti- 
bacteiial effect of the diug Polymyxin B had the same effect on the standaid 
stiain of Esch coli when tested in buffeied bioth at pH 4 2, 5 0, 7 0, oi 7 4 and 
M as onlv slightlj^ less inlubitoiy at pH 9 2 

2 Sensitivity to Polymyxin B of Bacteiia Isolated Fiom the Hi me — 
Stiains of bacteiia fleshly isolated fiom the mine of patients weie examined 
foi then sensitivity to Polymyxin B in vitio Table I indicates the lange of 

01 gaiusms isolated and then i elative sensitii ities The activity of Polymyxin 
B against bacteiia encoiuiteied fiequently in uiinaiy tiact infections agiees 
well Avith that obseived foi Polymyxin D ’’ Eaily clinical expeiience indicated 
that 01 gamsms ivith a sensitn ity of 1 0 /xg pei millilitei oi moi e in mti o um- 
foimly failed to lespond to theiapy with Polymyxin B Determinations of 
sensitn itv veie consequentlv limited to a lange 0 04 to 1 yg per milliliter 
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Table I In Vitro Sensitivity to Polyaiaain B op Bacteei v Isolated From 
Urinary Tract Iniections 



1 

NUMBER 

1 OP 

NUMBER 
' NOT IN 
UIBITED 

BY 


NUMBER OP STRAINS INUIBITED BY 
POLYMYMN B 





MQ/ML 



BACTERIAL SI ECIES 

1 STPVINS 

Imo/ml I 

1 

■Ba 

1 02 1 

01 1 

0 05 

Ebclicricliia coli 

>o 

0 

0 

2 

15 

4 

1 

Aerobactor aerogenes 

18 

0 

8 

8 

2 

0 

0 

Pseudomonas aerugm 

18 

4 

5 

8 

1 

0 

0 

osa 

Proteus vulgaris 

5 

3 

o 

0 

0 

0 

0 

Streptococcus faecalis 

7 

7 

0 

0 

0 

0 

0 

Shigella sp 

4 

2 

1 

0 

1 

0 

0 

Salmonella sp 

4 

0 

0 

2 

1 

1 

0 

Paracolon bacilli 

2 

0 

0 

0 

2 

0 

0 


All strains of Esch cob, Salmonella and paiaeoloii bacilli which weie CAamined 
A\eie inhibited by 0 4 jig pei iiulblitcr oi less Aeiobactcr aeiopeiics strains 
tended to be less susceptible, and Proteus vulgmis and Pseudomonas actugmosa 
Mere still more resistant This scale of siisceptihihtj resembles that commonl} 
expeiieueed with stieptouijeiii and auieomycin 

The action of PolymyMn B appealed to be baeteiieidal lather than bae 
teiiostatio The end point in a tube dilution senes was usually not changed 
when the test was incubated foi seven days at 37° C after the flist observa 
tioii There tias no growth in subcultmes made on solid oi m liquid media 
fioiu the last tube in which no growth occuircd The giowth of resistant 
stiaiiis in the pieseiice of Polymyxin B did not destioy it These oiganisms, 
grown in broth oontaninig the dmg were ceiitiifuged out and the supei 
iiatant fluid was tested for antibiotic actiiitj with the standard stiam of Escli 
cob Its activity was unchanged 

3 Bacterial Resistance to PolymijxiH B — itii effoit was made to induce 
lesistaiiee to Polymyxui B in vitro with foui susceptible bacteiial strains 
Dailj tiansfei'S were made ui broth containing iiici easing amounts of the anti 
biotic The increase m lesistaiice m these four landoin gram negative organisms 
lb shown in Pig 1 The stiam of A aetogenes was oii^mally inhibited by 0 2 
gS pel milliliter and aftei a regular step wise uiciease in icsistance in the course 
of thiiteen transfers it grew freely in 1,000 gg pei miUihter A stiaiu of Ps 
aeruginosa showed a similai but less legulai change in siisceptibihtj One 
stiam each of Esch coh and SalnwneUa cliolcracsuis changed but little iii two 
weeks of daily transfer m broth coiitainiiig Pol} niyxui B Not only did these 
organisms fail to increase m resistance but also repeatedly, no growth was 
ohtauied when subcultuies weie made from tubes in which there was visihle 
tuibidity perhaps indicating that the drug was slowly killing the organism 

Strains that acquired resistance to Polynivxm B kept this clnracteristie 
when subciiltiired dail} foi fouiteen days m plain broth No bacteria de 
penduit on Aeiospoim (Polymyxin B) foi giowth have been observed to date 

The oecuiience of iiatiiially lesistant individuals in bacteiial populations 
was tested by means of massiv e mocula on solid media AVheii Pol} myxm B 
was added to Pi oteose peptone agar (Difeo), tests made with small mocula 
of bacteria mdicated sensitivities comparable with those found by the tube 
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Table IV Teeatment op a Pvtient With Urinary Tract Infection With Pol\m;\yin B 
Hei^vtion of Drug to Clinical and Laboratory Findings 


(A 73 year old man who had a nephrectomy ten years before, now has pielonephritis 
[chronic] in the REMAINHNO N.IDNEY) 


D\\ 

1 

2 

3 

4 

5 ' 

6 

7 

13 

27 

Poljmj-Mn B 

0 

120 

80 

120 

80 

0 

0 

0 

0 

Dose (mg/dij) 

Aierige serum level-. 

0 

1 3 

25 

4 10 

4 10 

1 4 

0 

0 


( Mg/ml ) 










Tomc symptoms 



1 







Paresthesias 

0 

+ 

++ 

+ 

+ 

- 

- 

- 

- 

‘ ‘ Dizziness ’ ’ 

0 

- 

+ 

+ 

L-H 

+ 

- 

- 

- 

\ta\ia 

0 

- 

- 

+ 


- 

- 

- 

- 

Blood examinations 










Hemoglobin (Gm%) 

15 0 





15 3 



14 8 

W lute blood cells/c mm 

6,000 





8,750 



9,500 

Pol j moi plionuclears 

65 





69 



71 

(%) 

Eosinoplules (%) 

1 


1 



4 



2 

Blood urea (iug%) 

72 





51 



59 

Liea nitrogen (mg%) 

34 


1 



21 



24 

Urine examinations 










White cells/high drj 

4+44- 

4-H- 

++f 

++ 

5 10 

2 3 

2 3 

23 

-H- 

field 

Hed cells/high drj field 

•f 

+ 

+ 

Rare 

Rare 

0 

0 

0 

Occasional 

Bactena/high drj field 

-H-H- 

+-H- 

++ 

+ 

Rare 

Rare 

0 

0 

+4+ 

Protein (mg%) 

Urine culture (Bacteria/ 

52 

21 



63 


25 



ml ) 

Esch coll 

80,0001 


1,000 


0 

0 

1 

0 

0 

20,000 

Proteus sp 

i,ooo! 


100 


10 


10 

50 

500 


they weie lebumed No eftect was obseived oh the led oi white cell count 
in the ten patients 

The most maiked undesiiable eftect of Polymyxin B was on the cential 
neivous system Within foity-eight hoius of inception of tieatment, the ma- 
joiity ot patients expeiieiiced eiiciimoial paiesthesias and “dizziness” with- 
out nausea, anoiexia, oi tiue veitigo Theie ivas commonly mild ataxia and 
occasionally the feehng of wealuiess of the legs ivithout objective evidence of 
dimimshed musculai stiength These symptoms lasted while the diug ivas 
admnusteied and subsided in all patients in thiity-six to foity-eight houis 
aftei it was discontinued No lesidual distuibances weie obseived in any 
patient 

With doses laigei than those loutmely used, moie drastic effects on the 
cential neiious system ivere obseived Two peisons leceived 160 mg of 
Polymyxin B intiamuseulaily in twelve houis (i e , 2 5 mg pei kilogiam pei 
twehe houis) They expeiieiiced peiipheial as well as ciicumoial pares- 
thesias, seveie incooidination, with dysaithiia, dyssyneigia, dysmetiia, ataxia, 
a positive Rombeig sign and maiked past pointmg The leflexes weie wuthin 
phj biologic limits Theie w^as no tiue veitigo, only “lightheadedness,” no 
tinmtus 01 impaiied heainig, and the appetite was miimpaiied These symp- 
toms and signs peisisted foi thiity-six houis while the seium coneentiation 
ot the diug was in excess of 10 ;xg pei millilitei , they then gradually sub- 
sided and left no sequelae 
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All effoit also was made to find out wlietliei e\posuie of bacteiial popu 
latioiis to Poljmj \iii B foi thiee to five da>s m iivo might induce resistance 
In a number of patients the sensitmtj of strains icco\ered piioi to tieatmeiit 
could be compaied with that of similai oiganisms cultuied fiom the urine 
aftei therapy No inciease iii lesistance was obser\ ed, legaidless either of the 
clinical coui*se oi of the i espouse to the diug 

SERUM LEVELS OF POLYMYXIN B 

§ In Individuals v/ltK normal In 2 individuals with non - 

S nonprotein nltrcigen potein nitrogen of 60 70m^S / 

H 10 
9 
8 
7 
6 

3 

4 
3 
Z 
1 

Hour^ after the fourth injection of 20 rmlli^raxns each 
at 4 hour Intervals 




it 



12 3 4 5 6 


1 2 3 4 5 6 


Fie 2 

4 Serum Levels of Polymyxin B in Patients With Vixnary Tiact Infec 
fioji— Foi intramusculai admmistntion, solutions of Polymyxin B weie pie 
pared by adding 2 ml of saline and 1 ml of piocaine, 1 per cent, to the diy 
amorphous mateiial equivalent to 40 mg of pure drug Without the local 
anesthetic the injection v\as painful and teiidernesb persisted for some hours 
Ordinarily 20 mg of drug were injected in a volume of 1 5 ml for each dose 
In a few instances 10 mg weie administered foi fiom one to four doses In 
jections weie given eveiy foui to eight houi*b 

Eaily observations indicated accumulation of the diug, admimsteied with 
piocamc cveij four to eight houis Consequently levels in seiimi were es 
tmiated usuallj aftei multiple doses Pig 2 shows the lev els in foui patients 
in whom there was no evidence of nitrogen retention fiom one to si\ hours 
after the fourth dose of 20 mg l*olymyMU B admimsteied every four hours 
In individuals with impaiied lenal fimctiou and letention of nitrogenous waste 
products there was an increased accumulation of the drug (Fig 2) In such 
patients serum lev els of 2 to 5 /xg per milliliter usually could be maintained 
the injection of 20 mg Polymyxin B every eight houis, and measuiahle levels 
of the drug could be detected eighteen to tvventj foui houis aftei the last of 
eight to twelve injections 
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111 two patients, foui houis aftei a single injection of 40 ing , the seium 
concentiation of Polymyxin B was 13 to 20 p.g pei uiillilitei Aftei foui such 
injections (with piocaine), the seium levels weie, lespectively, 30 and 20 /ig 
at two houis, 5 and 8 yxg at seven houis, and 3 and 6 yg at twelve houis aftei 
the fouith injection Theie weie toxie symptoms in both patients duiiiig 
this peiiod 

Measuiement of the diug in the mine was not satisfactoiy Filtiation 
thioiigh Seitz pads lemoved a eonsideiable poition of Polymyxin B, and in 
boiled mine the drug levels weie veiy iiiegiilai 

5 Tlieiapeutic Besults in Patients With TJiinaiy Tiaci Infection — Ten 
patients with acute oi subacute exaeeibations of ehionic uiinaiy tiact infec- 
tions weie tieated They had little oi no obstiiictive mopathy, and all had 
failed to lespond to theiapy with sulfonamides and stieptomycin The in- 
fecting agents weie unifoimly lesistant to stieptomycin in vitio Befoie, 
during, and aftei treatment, a complete blood count, minalysis, phenolsul 
fonphthaleui test, and deteimination of nonpiotem nitrogen in the blood were 
obtamed for every patient The subjects were hospitalized and closely ob- 
served climcally, and quantitative bacteiiologic studies were earned out on 
the catheter ized mme every two days during theiapy and at frequent inter- 
vals thereafter ** Most patients were afebiile 

Polymyxin was injected intramuscularly in amounts of 20 mg eveiy foui 
to eight hours for three oi fom days By frequent determinations, an effort 
was made to keep serum levels between 2 and 10 /tg per millilitei Some of 
the data obtained m these patients ai e shown in Table III 'When the infecting 
organism was inhibited in vitro by 0 4 /ig per milliliter, the short course of 
theiapy with Polymyxin B led to negative mine cultures for one to three 
weeks Bacteiiologic relapses occurred, usually ivithin one month, even when 
the patients remained symptomatically well A detailed example of this 
temporary response to therapy is shoivii in Table IV 

6 Toxicity — After iiiti amusculai uijeetion of Polymyxin B (13 mg per 
milliliter), most subjects experienced local pain with persistent tenderness 
severe enough to wan ant the addition of a local anesthetic foi routine ad- 
mnnstiation of the drug With procaine the injections weie ivell tolerated 

In spite of careful search, no evidence of renal damage could be detected 
with the short course (three to fom days) of Polymyxin B used in this study 
There was no hematuiia oi proteinuria and there were no changes in the sedi- 
ment 01 nitrogen retention duiiiig oi after theiapy The pioteinuiia of pa- 
tients vith chrome pyelonephritis was not aggravated by the drug This is 
in contrast with the expeiienee of others^® who found piotemmia and 
hematuria at least transiently when the drug was given foi moie than seven 
days 

One of the patients developed a drug fever on the thud day of treatment 
It piomptlv subsided when the injections were stopped, but recurred when 

•We wish to thank Dr Frank Hininan Dr Frank Hinman Jr Dr Frederick S Howard 
Dr John W Schulte and others and the members of the resident staff of the University of Cali 
forma Hospital and Franklin Hospital for permission to study then patients 
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Table IV Teeatment op a Pvtient With Ueinary Tract Infection With Pol\m;\x:in B 
HEL.VTI0N of Drug to Clinical and Laboratory Findings 


(A 73 YEAR old man WHO HAD A NEPHRECTOMY TEN YEARS BEFORE, NOW HAS PYELONEPHRITIS 

[chronic] in the remainhng kidney) 


D\\ 

1 

2 

3 

4 

5 ' 

6 

7 

13 

27 

Pobnij-Nin B 

0 

120 

80 

120 

80 

0 

0 

0 

0 

Dose (mg/dij) 

Aierige serum level-. 

0 

1 3 

2 5 

4 10 

4 10 

1 4 

0 

0 


( Mg/ml ) 










Tonic svmptoms 










Paresthesias 

0 

+ 

-H- 

+ 

+ 

- 

- 

- 

- 

‘ ‘ Dizziness ’ ’ 

0 

- 

4- 

+ 

+-H 

+ 

- 

- 

- 

\ta\ia 

0 

- 

- 

4 


- 

- 

- 

- 

Blood eNaminations 










Hemoglobin (Gm%) 

15 0 





15 3 



14 8 

U lute blood cells/c mm 

6,000 1 





8,750 



9,500 

Pol j moi plionuclears 

65 





69 



71 

(%) 

Eosmoplules (%) 

1 





4 



2 

Blood urea (mg%) 

72 





51 



59 

Liea nitrogen (mg%) 

34 





21 



24 

Urine eNaminations 










White cells/high drj 

++++ 

■H-4 

PH- 

-H- 

5 10 

2 3 

2 3 

2 3 

-H- 

field 

Red cells/high drj field 

4* 

+ 

+ 

Rare 

Rare 

0 

0 

0 

Occasional 

Bactena/high drj field 

-H-H- 

+++ 

-H- 

+ 

Rare 

Rare 

0 

0 

■m- 

Protein (mg%) 

Urine culture (Bacteria/ 

52 

21 



63 


25 


‘i'i 

ml ) 

Esch coll 

80,0001 


1,000 


0 

0 

1 

0 

0 

20,000 

Proteus sp 

i,ooo! 


100 


10 


10 

50 

500 


they weie lebumed No eftect was obseived oh the led oi white cell count 
in the ten patients 

The most maiked undesiiahle eftect of Polymyxin B ivas on the cential 
neivous system Within foity-eight hoius of inception of tieatment, the ma- 
joiity ot patients expeiieiiced eiiciimoial paiesthesias and “dizziness” with- 
out nausea, anoiexia, oi tiue veitigo Theie ivas commonly mild ataxia and 
occasionally the feeling of wealuiess of the legs Avithout objective evidence of 
dimimshed musculai stiength These symptoms lasted while the diug ivas 
admnusteied and subsided in all patients m thiity-six to foity-eight houis 
aftei it was discontinued No lesidual distui bailees weie obseived in any 
patient 

With doses laigei than those loutmely used, moie drastic effects on the 
cential iieiious system ivere obseived Two peisons leceived 160 mg of 
Polymyxin B intiamuseulaily in twelve houis (i e , 2 5 mg pei kilogiam pei 
twehe houis) They expeiieiiced peiipheial as well as ciicumoial pares- 
thesias, seveie incooidination, with dysaithiia, dyssyiiei gia, dysmetiia, ataxia, 
a positive Rombeig sign and maiked past pointmg The leflexes weie wnthiii 
phj biologic limits Theie w^as no tine veitigo, only “lightheadedness,” no 
tinmtus 01 impaiied heaiiiig, and the aiipetite was miimpaiied These symp- 
toms and signs peisisted foi thiity-six houis while the seium coneentiation 
ot the diug was in excess of 10 fig pei millilitei , they then gradually sub- 
sided and left no sequelae 
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DISCUSSION 

The known antibiotic substances deii\cd from B polymyxa sliaie a specific 
ind poneifnl antibacteiml action against giam negative bacteiia These pep 
tides aie bacteiieidal lathci than bnctei lostatie in vitio foi susceptible bac 
teiia Eesistant bacteml i limits eincige infi eguently All these chaiic 
teiisties ■nonld imke this gioup of compounds desirable in the treatment of 
infections iiith gnin negitiic oigiiiisms weio it not foi significint tovic side 
elfects 

Among oiginisins encounteied in uiinaiv tnet infections susceptibility 
to Poll my Mil B was luiifoimh high among stiains of Esch coll, and onh 
sbghtly less iiith 1 aeiogenes llam strains of Pseudomonas iiid Pioteus on 
the othei hind neie fiiilj lesistant This piiallels the espeiience luth othei 
antibiotics especially stieptomjcin ind to a lessei estent iin eomyein ’ In 
some stiains, lesistmce to PoIjmiMii B ins induced in iitio With else The 
change did not appeii to be lelated to the onginal sensitnitj to the ding in 
the foui stiains tested Studies based on large inoouli suggested that the pio 
poition of lesistaiit oigimsms in a given bacterial popiilition ms small Ke 
sistant lainnts did not deielop in patients dining a shoit ooiuse of tieat 
ment nith Polymj \in C 

The natuial histoiy of ehionic infection of the uiinaij tiaot does not sup 
poit the idea that a shoit eouise of any antibacteiial agent could “oiiie” the 
disease Bieteii i nithin the inflaiiied leiial paiencbyina and the piolifeiating 
fibious tLssue aie shnlded effeotiiely fiom the immediate action of dings 
Pioloiiged theiapy at best Mould be necessary to eradicate the iiifectiie oi 
gaiusms 111 the piescnt study no such attempt was made Tieatiiient with 
300 to 500 mg of Aciosporiu admimsteied in tiiiee to foiii divs resulted in a 
sti iking 1 eduction of the baeteiial content of the uiine foi one to thice weeks 
in si\ of ten patients Symptomatic impioiement was satisfactoiy and iisu 
ally lasted longei than the bacteiiologic leiiussion Pailine to respond was 
associated with lelatne lesistance of the infecting oigauisms oi with multiple 
infection 'Within its scope the thei i])y may be said to have been successful 
Whether prolonged tieatment might yield moie encouraging lesnlts cannot 
be piedicted 

Trials of piolonged theiapy vveie made inadvisable by toxic effects fiom 
the Polynivxin B used The most diamatic vveie the neurological symptoms 
and signs which appeared in a majoiity of patients Although these dis 
tnrbances disappeaied piomptly aftei theiapy was discontinued and did nr‘ 
leave any lesidual changes patients were uneomfoi table and appieheiisive 
some refused fuitliei tieatment No leiial toxicity oi untoward effects on 
the hematopoietic system weie noted with the shoit eoiiise of theiapy used 
in this study 

The desciibed side effects of Polymyxin B piccliide the clinical use of 
the pieparitiims piesently available The antibacteiial features of the ding 
are so atti ictive howevei that it must be hoped that the toxic piopeities 
can be eliminated in the future and the agent made available foi further clin 
leal investigation 
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SUMMARY 

1 Aeiospoim biaiid Polymyxin B is a stable peptide deiived fioin B 
poly my xa with maiked aiitibaeteiial action against many giam-negative oi- 
ganisms Among bacteiia commonl}'' isolated from uimaiy tiaet infections, 
Esch coll and A aeiogenes Meie inhibited in vitio by less than 1 yg pei miUi- 
bter, wliile many strams of Piotens and Pseudomonas were more resistant 

2 Eesistance could be induced in susceptible bacteiial strains only ivith 
difficulty The action of the antibiotic in vitio appealed to be baeteiicidal 
lathei than bacteiiostatic 

3 Multiple mti amusculai injections of the diug lesulted in cumulative 
seium levels The seium levels weie gieatly inei eased in the piesence of ele- 
vated nonpiotein nitiogen of the blood 

4 In iiatients vith ehionie uimaiy tiact infection, Polymyxin B admm- 
isteied foi three to four days eliminated susceptible bacteria from the urine 
and coiiti oiled symptoms The short course of treatment, however, was fol- 
lowed by a bacteiiologie relapse within one to three weeks in all cases 

5 Piolonged therapy wuth the ding was not feasible because of toxic 
symptoms aftectnig paiticulaily the nervous system In its present form. 
Polymyxin B is therefore not suitable for general clinical application 
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THE COAGULATION DEFECT IN THROAIBOCYTOPENIC 
PUEPUBA 

Akm iND J Quick, JI D Ph D , J vcob N Sh iNutRaE, M D ,* ind 
ALuiio Stefinini JIDt 

JIlUV VUKLt, Wis 

T IIL iiormiil eoiejiil 'tiou time oliseiicd m tluombocjtoiicnic pmpuia Ins 
alinjs piu/led students of eosf,ulatiou and his led manj to conclude tint 
coagulation is not distiiibed in tins disease Reccntlj evidence has accumulated 
to sliou that the coagulation time may not alwajs be a leliable measuie of tiuc 
eoagulabilitj ' In fact, it has long been lecognizcd that in lijpopiothiombm 
emia the coagulation time is much too insensitive to sene as a guide foi esti 
mating tlie severity of piothiombni deficiency As a lesult of the development 
of the protliioiiibin time detoimination lapid piogicss, both clinical and 
theoretical, ensued in the gioup of diseases in which a defieiciiej of piothiombm 
occurs Tile lack of a test comjiaiable to the piotliioinbni time ptoceduie to 
measuio quantitatively the factois lespoiisihle foi the activation of piothioiuhm 
has hanipeied and lotaided piogiess m the study of such diseases as liemophiha 
and thrombooytoponio purpuia With the development of the prothrombin 
consumption time (seium prothiombin time) a new appioach is olfeied foi the 
study of the hcmorthtgia diseases due to coagulation delects which are not in 
the prothrombin complex i e , diseases in which the piothiombm time is normal 
With this test Quick* demonstrated that the piothiombm consumption was 
markedly delayed and incomplete m liemophiha and hlvowise m plasma from 
which most of the platelets were icmoved Tliesc findings weie subsequently 
verified by Souhei * Eaihor Brinkhous* had noted the incomplete conversion 
of prothiombm m clotted hemophilic blood wluch he attributed to a slow eon 
version late of the piothiombm 

Clot retraction which is eliaracteiistically absent m severe thiombocjto 
peme purpura should no doubt be eonsideied as a coagulation defect although 
It IS difficult to find in tlie liteiatme specific statements to support such a view 
Wlule it IS recognized that clot letiaction is dependent upon intact platelets 
a quantitative eon elation between the nunibei of platelets and the speed and 
degree of clot retraction was difficult to make until the introduction of silicone 
(Dn film) which nnde it possible to seeuie and keep native plasma with a 
minimum amount of platelet lysis Whole Wood is fai less satisfactoiy foi 
studying clot letiactiou since vaiiations m cell volume maikedly nifluence tlie 
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SUMMARY 

1 Aeiospoiin biancl Polymyxin B is a stable peptide deiived fiom B 
polymyxa ivitb maiked antibaeteiial action against many giam-negative oi- 
ganisms Among baeteiia eommonlj'^ isolated fiom niinaiy tract infections, 
Esch coll and A aeiogenes iveie inbibited in vitio by less than 1 yg per imlli- 
litei, while many stiains of Pioteus and Pseudomonas were moie resistant 

2 Resistance could he induced in susceptible bacteiial strains only ivith 
difficulty The action of the antibiotic in ntio appeared to be bacteiieidal 
lathei than bacteriostatic 

3 Multiple iiiti amnsenlai uijeetions of the drug lesulted in cumulative 
seium levels The seiiiiu levels weie gieatly inci eased in the presence of ele- 
vated nonpioteui nitiogen of the blood 

4 In patients with ehionie uiinaiy tiact infection, Polymyxin B admm- 
isteied foi thiee to foiii days eliminated susceptible bacteria fiom the uime 
and controlled symptoms The short eoiiise of treatment, however, was fol- 
lowed by a bacteiiologic relapse within one to three weeks in all eases 

5 Prolonged therapy with the drug ivas not feasible because of toxic 
symptoms affectmg particularly the nervous system In its present form. 
Polymyxin B is theiefoie not suitable for general cliiucal application 
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Table I A CoRREr^vTiov of the Platelet Count With the Beginning of Clot 
Retilvction and the Protuuomdin Consumption Time 
IN Noumvl Subjects 


SUBJECT 

1 L.\.TELET COUNT 

(thous\nds) 

HEM VTOCIUT ]CE.\D1NG 
(PL.VSMA\OrUME) 

BEGINNING 
OF CLOT RE 
TR.VCTION 
(MIN ) 

PROTHrOMBIN CON 
SUMPTION TIME 
(APTEF GO MIN ) 

W HOLE 
BLOOD 

jN\TIVE 

1pI-V3M\ 

BEL.\, 

TIVE* (%) 

TRUE (%) 

BLOOD 
(SEC ) 

1 PLASMA 

1 (SEC ) 

1 

204 

486 

_8 

48 

nvi 

34 

48 

2 

lo4 

535 

22 

dO 

ay. 

17 

23 

3 

282 

4^0 

42 

44 

7 

16 

42 

4 

3o4 

800 

90 

47 

oy. 

19 

23 

5 

252 

187 

26 

49 

6 

IS 

18 

G 

201 

352 

28 

51 

sy. 

15 

23 

7 

177 

345 

38 

46 

sy 

19 

29 

8 

207 

449 

24 

49 

sVj 

21 

27 

0 

2o5 

533 

38 

48 

10 

36 

26 

10 

241 

498 

26 

47 

8 

23 

34 

11 

209 

406 

28 

45 

B'A 

23 

25 

12 

2S4 

583 

16 

43 

sy. 

27 

24 

13 

197 

576 

29 

48 

11 

23 

23 

14 

2u9 

662 

24 

48 

0 

17 

27 

10 

214 

508 

34 

47 

7% 

23 

28 

16 

207 

604 

38 

51 

716 

21 

20 

17 

300 

770 

36 

45 

7 

20 

19 

18 

265 

549 

30 

47 

6 

32 

18 

19 

422 

611 

36 

51 

9 

21 

31 

20 

322 

683 

32 

49 

S 

17 

18 

Average 

250 

531 

29 

47 

8 

22 

26 


Ratio of plasma %olunie obtained by centrifuging at SOO rpm for ten minutes to total 
Diood volume. 


When the platelet count is noimal, clot letraction of natne plasma becomes 
detectable in about eight minutes The lange for the tnenty subjects studied 
Naned from six to cle\en minutes In confirmation of pievious studies,® it i\as 
obser\ed that -rthen the platelet count of plasma is below approximate!} 150,000 
the beginning of clot letiaction becomes progiessi^ely delayed and finallj le 
traction fails to occui altogcthei Slight letraction still manifests itself Mlien 
tlie count IS o\er 20,000 Undei ideal cxpciinieutal conditions md ■with control 
of the various clotting factors the number of platelets quantitative!} detei mines 
the speed ■with which clot retiaction begins and also the size of the final clot 
Tile protluombiu consumption time likeivjse, depends on an adequate 
numbei of platelets It has been postulated that platelets suppl} an enzyme 
^\hlch IS essential foi the comeision of thromboplastinogen to acti\e tliiombo 
])lastin On lemoMiig platelets fiom plasma b} centrifugation tlie pro 
thrombin consumption is nnikedl} delayed due to the inadequate coineision 
of tiuombop] ibtmogen With an excess of iilatelets, sufficient platelet enz}me 
becomes available to peimit a rapid consumption of prothrombin Inspection 
of Table I shons that the prothrombin consumption time of serum, lUicthei 
obtained fiom plasma or ^\IloIe blood sixty minutes after coagulation is in most 
instances beti\ecn 17 and 30 seconds If tlicse ^ allies are calculated in terms 
of prothrombin activity b} means of Quick s prothrombin cune, one finds that 
trom 60 to SO pei cent of the acti\it} disappears in one hour 




764 


QUICK, SHAKBERGE, VND STPPANINI 


A pool consumption of piotliiombin is due geneially eitliei to a lack of 
platelets oi to a deficiency oi thiomboplastinogen In lieniopliilia the platelets 
aie noimal, since it has been shoi\n that if platelets fiom hemophilic blood aie 
added to noimal deplateletized plasma, noimal coagulation wdl occui ’’ It is 
most likely theietoie that the basic delect in hemophdia is inadequate thiom- 
boplastinogen content in the blood 

To deteimine whethei defects in coagulation othei than lack of platelets 
OCCUI ni thiombocitopenic puipuia, one must consider the vaiious factois that 
entei into the clotting mechanism Since the piothiombin time is usually 
entiiely noimal, it is evident that the piothiombin complex and fibiinogen aie 
not mvohed and aie noimal This is eleaily illustiated by the following find- 
ings made on the blood and native plasma of a patient with severe thiombocyto- 
penie puipuia 


P CTIENT R P , 11 ItAR OLD GIPL 

Coagulation time (Lee- At lute) b min 

Prothrombin time 111^ sec 

Prothrombin consumption time (whole blood) lOt^ sec (after 1 hr) 

Bleeding time >30 min 

Clot letraction (whole blood) None (after 21 hr ) 

Platelet count 5,000 pei cu mm 


STUBY OF NCTJVE PL ISM t (OBTAIXtb B\ SILICONE TECHNIQUE) 


Coagulation began in 
Coagulation completed in 
Betraction 

Prothrombin consumption time 


5 mm 
12 min 
None in 2 hr 
IOV 2 sec (after 2 hr ) 


Fiom these lesults it can be seen that only a tiace of piothiombin ivas 
consumed in the clotted blood aftei two houis That this is due to lack of active 
thiomboplastin is cleaily shown by the effect ot adding a small amoiuit of labbit 
biain extiact to the seium (Table II) An immediate inciease in the pro- 
thiombin consumption occui led, and when the amount of added thiomboplastm 
Mas inci eased, the piothiombin consumption urns also pi opoi tionately inei eased 
Since the piothiombin consumption time tends to lemain faiily constant foi 
am conceutiation of thiomboplastm foi a peiiod of one hoiii 01 moie aftei its 
addition, it appeals Neiy^ likely that the leaction with piothiombin is stoeehio- 
metiic lathei than enzymatic The lack of active thiomboplastm is not due to 
a deficiency ot thiomboplastm as occuis m hemophilia, but to an madeciuate 
amount of the actnatoi wdiich is fuinished by"^ the platelets 


Tcbil II The Efiect oi Adding Thromboplvstin to &ekum of a Pctient AAitu 
Thkombocntopenic Pubpupv on Protiikosibin Consumption Time 



i 

IKOTIIROMBIN 

CONSUMPTION 

TIME 

1 TlilE IN MIN 

1 0 

1 15 

1 30 

1 bO 

Thromboplustm iddcd to 1 c 1 of serum 


21 



01 ct 

10 y. 

41 

21 

22 

02 Lc 

loy. 


— 

44 
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The coiiclatiou of prothiombm consumption time with the beginuuig of 
clot letractiou time can be applied to studj the couise of the thiombocytopenic 
purpura, as illustiated by tMo cases, the laboiatoiy findings of 'which aie 
siimmaiized in Tables III and IV 

Table in The Course of Thfombocytopenio Purpura as Manhested b\ the Pijvtelet 
Count, Bleeding Time, Beginning op Clot Retraction in Native Plasma, and 
Prothrombin Consumption Time 

(Patient Y boj, ago 0, Biagnosia Secondary thrombocytopenic purpura) 


DATE 

pi^telet 
count I 

BLEEDING 

TIME 
(MIN ) 

BEGINNING OP 
CLOT 

RETItAOTION 
(ILASMA) 
(MIN ) 

PROTHROMBIN 

CONSUMPTION 

TIME 

(WHOLE 

BLOOD) 

(SEC ) 

CLINIC \L 

CONDITION 

June 4 

26,000 


27 

13 

Marked bruising 

June S 

25,000 

10 

29 

11 

Marked bruising 

Juno 12 

49 000 

sy 

18 

13 

Marked bruising 

Juno 17 

13 000 

10 

15 

13 

Marked bruising 

June 2-1* 

15,000 

u 


11 

Marked bruising 

Julj 1 

29,000 

oy 

14 

14 

Marked bruising 

July 14 

98,000 

2y 

11 

20 

No bruising 


•iollc acid "*0 nu, dallj 


Tabu IV The Eipect of Spleneotomy on the Platelet Count and Prothrombin 
Consumption Time in a Patient With Thrombocytoi enic Purpura 
(Patient A man age 32 , Diagnosis Idiopathic tlirombocytopcnic purpura) 



PLATELET 
COUNT OP 

CLOT PC 

j 

IBOTUROMBIN 


1 

WUOIE BLOOD 1 

TRACTION OF I 

CONSUMPTION 1 


U\TE (1943) 

(THOUS\NDS) 1 

WHOLE BLOOD | 

TIME (SEC ) i 

REMARl h 

Ypril 1 

80 000 

Nono 

10 


Juno 24 

14,000 

None 

10 


Juno 25 

39,000 

Slight 

12 

Immediately after 
ligation of splenic 
vessel 

After 30 mim 


22 000 


13 


26 000 


14 

After 60 mm 

June 2G 

98 000 

12% mm * 

32 


Juno 28 

342 000 

50 



•Native plasma 


The fii’st subject, a 6 jeai old boj, dc\ eloped purpura two Meeks following 
an attack of vomituig and diaiihca He had no liematuiia melcna oi othei 
type of bleeding except maiKed biuisuig He bad a consistently low platelet 
count ovci a peiiod of six ■\\eeks Durmg this peiiod the bleeding time was pio 
longed, the begmiuug of clot retraction delayed, and the piothrombm con 
sumption tune consistently shortei than normal The clinical condition as 
Judged by maiked bruising remained unchanged Two weeks follo'Wing the 
daily administration of 20 mg folic acid, the biuisiug tendency disappeaied, 
and an exammation of the blood slioued a stiiking inciease in the platelet count 
and a letutn to noimal of the bleeding tune, clot letiactiou, and prothrombin 
consumption tune "Whether the cuie can be attributed to folic acid or whether 
lecovery mqs spontaneous lemauis pioblematic, although fa'voiable lesults from 
folie acid have been noted also in a few other cases of tluomhocytopenia 






766 


QUICK, SH4NBERGE, AND STEPANINI 


The second subject,* a young man 32 yeais of age with idiopathic thiombo- 
cytopenic piupuia, piesented the oppoitiuiity to study the effect of splenectomj 
It IS obvious fiom the lesiilts lecoided in Table W that the favoiable i espouse 
to the lemoval of the spleen is shown both by the use in the platelet count and 
by the mciease in piothiombin consumption It appeals that the lattei was 
eien a moie sensitive indicatoi than the platelet count, but that may peihaps 
be explauied by the difheiiltv of avoiding eiiois in counting platelets especially 
when the collection of blood is beset w'lth technical difficulties, such as aie en- 
coiinteied in the opeiatiiig loom wnth the patient iindei anesthesia 

In both patients the piothiombin consumption time coi responded to the 
platelet count, and clinical impiovement was piomptly and accuiately mdicated 
by a use both in the platelet count and in the piothiombin consumption 

The piothiombin cousimiption time test is at piesent the only method 
available to show' a coagulation defect in thiombocytopenic puipuia "When 
peifoimed accoiding to the diiectious as outluied in this papei, it is a faiilj 
quantitative measuie of platelet activity unless theie is a deficiency of thrombo- 
plastinogen as in hemophilia The test theiefoie becomes a useful addition to 
the list of laboiatoiy pioceduies available foi studying piiipuia It w'lll 
definitely complement the platelet count Fiom the studies made thus fai, it 
can be stated that w'hen the piothiombin consumption tune is noianal, no marked 
thionibocytopenia exists 

The new' method foi studj'ing clot leti action by timing the beginning of 
the process in native plasma is a fai moie sensitive test than the clot letraction 
of whole blood The lattei method is essentially qualitative and theiefoie is 
only a lough index of the platelet count Unfoitunately the collection of native 
plasma is too exacting a pioceduie to ivaiiant its geneial use in the clinical 
laboiatoij, but foi investigative pui poses, plasma is bettei suited to study clot 
letiaction than is w'hole blood since the leaction can be diiectly watched and 
no collection foi cell volume is leqniied 

A close coil elation exists betw'eeii the platelet count, clot leti action, and 
the piothiombin eonsiiiiiption time smce the lattei two aie diiectlj' dependent 
upon the foimei, assuming of couise, that the actiinty pei platelet is constant 
The piolonged bleeding tune, the easy biuismg, the oozmg of blood fiom mucous 
membianes, and the petechiae wdiicli aie chaiacteristic findings in thiombocyto- 
penie piiipuia aie in all piobability not caused by the platelet deficiency It 
is not uniisiidl to find in such conditions as acute lymphatic leucemia a veiy 
low' platelet count and jet no puipuia oi bleeding It seems faiily certain that 
a toxic agent distinct tiom the platelets is responsible foi the vasciilai dysfunc- 
tion that causes puipuia and that w'hen this factor is super imposed on the co- 
agulation detect due to lack of platelets, the hemoiihagic tendency is markedly 
accentuated 

SUMXI VRY 

A eoiielation between the platelet count, the speed of clot retraction, and 
piothrombiu consumption of normal human natiie plasma (obtamed w'lth the 

•The medical staff at Veterans Hospital Wood Wis kindly permitted us to study this 
patient. 
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lud ot siheoue coated ^laiawaie) is piesLiited Incidental to this study, it nas 
obseivcd tint tlie platelet toiiiit in plasma obtained ly sloii ceiitiifugation is 
about twice as high as lU whole blood 

In thioinbocytopcnie piiipuia a delayed clot retiaction and a poor pro 
tluombin consumption closcl} parallels the low platelet count A cbnieal 
case IS piesented to illustnte the simultaneous and pionipt return to noimal 
of the piothrombin consumption tiiiio and the speed of clot letiaction as the 
platelet count inci eased to 100 000 and the clinical condition improved Another 
case IS selected to show the expeditions lesponse of the platelet count, pio 
thrombin consumption, and clot letwction to splenectomy in idiopathic tluombo 
eytopeuic puipura (Weilhof's disease) 

The prothiombm consumption test supplies the &rst stioiig emdence that a 
coagulation defect is present in tliiomboejtopenic purpuia The test offers a 
new measure oi platelet activity, which is postulated to be that of activating 
plasma thiomboplastinogen Clot letraction bhevvise is a ineisuie of intact 
platelet activity When the test is carried out on native plasma, it has cpiantita 
tive significance since the bcginiiiiig and completion can be accurately detei 
mined bj diieet visual obscivation, and no coircotioii is leqiiiied foi cell 
volume 
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Patient 6 had an acquired hemol> tic anemi i four j ears previously m Inch responded 
well to splenectomy Although the anemia disappeared and there were no signs of in 
ere ised blood destiuction, spheroca tosis continued and the developing test iias positiie 
The patient died in uremia consequent to malignant hj pcrtension 

Patient 7 had a tjpical sjmptomatic hemolj tie anemia occuriing mac ise of reticulum 
cell sarcoma Although slight spheroev tosis was present in the film, the hjpotonic saline 
fragilitj was within normal limits Coating antibodies in cases of symptomatic homoljtic 
anemia haie been obseried bi Boorman and assoeiatesi® and Wagley and co workers i' 

Patient 8 shoned a strong!} positive Coombs test before spleneetoiu} m the presence 
of a ler} severe anemia and 57 per ctnt reticuloc} tes Two months aftei splenectoni}, 
spheroc} tosis and the increased saline fragilit} disappeared and the hemoglobin and red 
cell count returned to normal \alues The de\ eloping test also became negatue This 
case is an e\aniple of a complete cure of tins disease uhicli sometimes follows splenectom} 

2 Heiedttaiij Splieiocytic Anemia — Seven patients were examined (Table 
II) All of them had the typical teatuies of spheiocytosis and inci eased saline 
fiagility AH but one had a negative developing test Splenectomj was pei- 
foiined on Patient 3 only 


T iBLE II Results op Devei oping Test in Congenital Heiiolitic tNEiiiA 


1 

PVTIE^T 

AGE 
(\R ) 

1 

sc\ 

HB 1 

(OM ) 

HB C 
(MILL ) 



PEMARKS 

1 

28 

F : 

1 

10 0 

32 

10 6 

Negative 

Diagnosis based on developing 
test only as f imily not av iiI 
able for examination 

2 

23 

p 

10 6 

3 2 

13 0 

Negative 


3 

1 

1 

4 

M 

39 

1 8 

10 4 

Positue 

1 

1 

Son of Patient 2 Developing 
test still positive 12 days 
after splenectom} Six weeks 
following operation test 
turned negativ c 

■i 

49 

F 

n 7 

36 

0 h 

Negative 

^ i 

15 

F 

11 7 

3 5 

86 

Negative 

Sister of Patient 4 

0 

00 

F 

11 7 

3 8 

1 -l-i 

Negative 


7 

21 

M 

14 3 

46 

02 

Negative 

Son of Patient 6 


Tno cases in this gioup aie of paiticulai mteiest Patient 1 had a negatne 
Coombs test on two occasions It was not possible to examine the family The 
classification of this ease is theiefoie aibitiavy and based only on the negatue 
det eloping test 

Patient 3, the son of Patient 2, presented the most inteiesting problem a positue 
de\ eloping test in a well established case of beieditar} hemol}tic anemia This 4 year old 
white boi entered the Sarah Morris Hospital because of accidental trauma His mother 
(Patient 2) had alwais been anemic and had been adiised to ha\e a siilenectom} several 
sears ago The child had been pale and icteric since the age of 4 months Splenectoni}, 
although repeatedl} advised, had alvvavs been refused Transfusions also had never been 
given 

Phvsical evamination revealed a mildl} jaundiced child with a large hematoma about 
the forehead There was a loud s}stohc murmur at the apev The liver was palpable 4 cm 
below the costal margin in the midclavieular line, and the spleen reached almost down to 
the iliac crest and had a definite palpable notch Skull ind chest films were within normal 
limits 

Laboratory Data Hematologic findings Hb , 3 9 Gni (26 per cent) per 100 ml , 
RBG, 1,8 mill per cubic millimeter \\ BC, 4,700, reticulocv tes, 10 4 per cent, hematocrit, 
12, Cl, 0 72, MCY, 70 cu mm , platelets, 164,800 The blood film showed conspicuous 









DEVLLOIING ri-^l IN bl £IEROC\TIC HKMOL\1IO VNMU VS 


771 


hjpocUromia and microcj tosis ns -ncll as definite spheroo toais The coexistence of both 
poorly stained hjpochromic corpuscles and fullj hemoglobinized spherocj tes was very strik 
mg The differential count was mthin normal limits Saline fragilitj started at 0 i8 per 
coat Bleeding, clotting and prothronibm times were normal Blood group formula 

A itN, Ehi Eh, ( i^ — ) * Bone marrow marked erjthroid hjperplasia of normoblastic 
c 

vanetj 

Chemistry Scrum bilirubin 3 mg per cent cholesterol, 78 mg per cent (60 per cent 
esters), thjmol turbidity 2 4 units, ceplnlm and thjmol flocculation tests, negative, tot \I 
protein, 7 2 Gm , true albumin 4 4 Gm true globulin, 2 8 grams The Kahn test was 
negative and the urine did not contain bihrubin 

The patient was splenectomized after the hemoglobin and cell count were brought 
to normal levels bj means of several blood transfusions He made an uneventful reco\or;y 
His blood findings were within normal limits seven weeks after splenectomj, and he is 
continuing to do well 


It should be emphasized tliat it is difficult to decide whethei this patient 
was in ciisis vthGii he entered the liospital His inothei stated tlut his general 
condition did not diffci fiom the usual and that she biought liim to the liospital 
because of the tiauma Although blood examination levealed a \er> seveie 
anemia, a slight leucopenia and thiombocvtopcnia, there was a definite elevation 
of reticulocytes and the mairow did not show anj evidence of matin ation aiiest 
as desciibed by Owreii The hjpocluomia piobablj was caused bv pooi nutii 
tional intake in this grow mg chronicallv ill patient 

The developmg test was stiongh positive on adinisbion, and the same lesult 
was obtained five da>s latei aftci scvcial tiinsfusions were ^iven On the 
twelfth day following splcnectomv the test still was stiongl} positive but became 
negative five weeks latei Tlie disappearance of the positive developing tes+ 
after splenectomy sliould be stressed Some of oui own and pievioiish published 
cases of acquiied hemolytic anemia*® ** showed pomistence of a positive 
developing test for long pel lods aftei operation 

3 Stcklo Cell Ancmtd tn Ciisis — Two patients with sickle cell anemia in 
crisis showed a negative deiclopnio test thus demonstrating that no coated cells 
are present duiing these episodes Tins finding points against an immunologic 
extracorpusculai mechanism opciating duiing the eiises of this disease 

4 Miscellaneous — One svphiiitic patient v ith a severe nousnheroeytic he 
molvtic anemia and hepatitis piobablv caused bj aisphenamine, showed a nc^a 
tivo Coombs’ test Negative results also weie obtained in a case of chionic 
myelogenous leucemia with stion,, autoag„lutinatioii and in another patien^ 
with sphcrocvtic hemolv'tic anemia caused bv a new sulfa compound (Sul 
phation) 

5 Results of Othei Investigatoi s — 

(o) Acquired Hemolytic Anemia ( Idiopathic and I^ymptomatic) The le 
suits of the developing test as obtained bv other luvestigatois are tabulated in 
Table III In all ot the twentv foui pieviouslv repoited cases a positive develop 
nio test was leguUilv found No negative lesiiits wcie encountciod Splenectomv 
did not lead to disappeai ance of the coated sphciocvtcs although the hemolvtie 
pioccss had stopped Booinian and cowoikci*s“’ found a negative Coombs test 


We are Indebted to Dr S O 1 e\m on and Dr A. Wolf of the Serum Center Michael 
Reese Hospital for establlsl Ing the exact Rh Hr formula of this patient 
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111 five atypical nonspheiocytic cases of acquiied lieniolytic anemia These case-> 
aie omitted fiom this discussion as they do not exhibit the diagnostic ciiteiia of 
a spheiocytic acholinic jaundice Loiitit and ilollison^® added two nioie cases 
to those alieady lepoited by Booiman and associates One of these patients had 
a positive developing test, although it is stated that at the tune of testing theie 
was no spheiocytosis and a noiiiial saline fi agility This patient appeals to 
have had a typical spheiocytic hemolytic anemia, and she latei died of this 
disease 


Tabls III Results of Other Investigators 



NUMBER OP CASES I 

NUMBER OP CASES 



OF 

CONGENITAL 

OP ACQUIRED 



HFMOLYTIC ANEMIA 

HEMOLYTIC ANEMIA 



WITH NEGATIVE 

WITH POSITIVE 



DEVELOPING TEST 

DEVELOPING TEST 




BEFORE 

; AFTER 

1 

BEFORE 1 

AFTER 1 




i SPLE 

I SPLE 


SPLE 

SPLE 




NEC 

NEC 


NEC 

NEC 1 


INVESTIGATORS 

TOTAL 

TOMA 

TOMY 

TOTAL 

TOMY 

TOMA 

REMARKS 

Boorman and 

17 

8 

9 

5 

2 ' 

3 

One case of acquired hemo 

CO norkeraio 


! 


! 



lytic anemia of sympto 
matic variety Persist 
ence of positive develop 
mg test in one patient up 
to 2 yr after splenectomy 

Loutit and 

0 

0 

0 

2 

2 

0 

Strongly positive developing 

Molhsonis 






! 

test in one case in ab 
sence of spherocytes and 
increased fragility Pa 
tient had spherocytosis 
prior to test and later 
died of acholuric jaundice 

Evans and 

0 

0 

0 

o 

2 

0 

coMorkersii 

Sturgeonis 

3 

3 

0 

3 

1 

2 

One patient with sickle cell 

j 







anemia and two patients 
with Cooley's anemia also 








1 showed negative develop 
mg test 

Wagle> and 

3 

3 

0 

12 

Not 

iNot 

At least two of the acquired 

CO \\ orkersii 





speci 

speci 

cases are of the sjonp 






fled 

fied 

1 toniatic tvpe 


( 6 ) Hei editai y Hemolytic Anemia A negative developing test was found in 
all of the ti\ enty-three cases repoited so fai (Table III) Oui case showmg a 
positive Coombs test appeals to be the fiist obseivation of such an occuiience m 
the heieditaiy disease Howevei, Dameshek and Bloom,-“ without actually pei- 
foimiug a developing test, have demonstiated incomplete antibodies in the plasma 
ot ti\o patients with heieditaiy hemolytic anemia in ciisis using albumin as a 
diluent Since in the piesence of such antibodies the developing test always has 
been found positive, these two cases may be quoted as coiioboiative evidence 

DISCUSSION 

The mteipietation of a positive develoinng test in acquiied and in some 
instances of heieditaiy spheiocytic jaundice reqiiiies a eiitical undeistanding 
ot the peitinent facts eonceining the pathogenesis of these syndiomes Because 
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of the controvei'sjal cliaiaetei of the cunentlj favoied theories it ivas deemed 
neccssaiy to correlate and to consider these problems in greitei detail 

A TheoieUcal Consideiaitons — 

Immunologic Nature of the Deitcloping Test Eecent nork has clearly es 
tablishcd the esistenco oi at least three different types of antibodies to the Rh 
factors These aie (1) the saline (coiiiplctc, firat oidei) antibody, (2) the 
albumin (incomplete, saline blocking,*’ * second oidei) antibody, and (3) the 
“tnio” blocking-’ (eoptagglutmoid ” thud oi-der) antibody The second ordei 
antibody blocl s the aotiiity of the saline antibody and can be renioied from the 
led cells by extensile iiashmg The “tine” bloelong antibody blocks the reac 
tion of the albumin agglutinin and cannot be u ashed otf 

Recently Holm and Witebsliy*’ ’ have shoiiii that the last tiio mentioned 
laneties of niiniiuie bodies cause “coating” of the led cells Consequently a 
positne developmg test is nidicatiie of the adsorption of eithei the second or 
third order antibodies onto the surface of the red cells Failure to obtain ag 
glutiuatioii in albuiiim in the pieseuec of a positive developing test elearh 
establishes the existence of this “true” (third ordei) blocking antibody 

A positne dei eloping test in spheioeytic hemolytic anemia has been re 
peatedly demonstrated nithout any ciidencc of antibodies directed against the 
Rh Hr (CDE) system It may be assumed that the agglutmms found m the 
spheioeytic hemolytic anemias follow a similar immuiiologie pattern Nothing 
is known, however, about antigenic oi other iiiechaiiisms stimulatmg the produe 
tion of these inunune bodies 

The demonstration of a positive developing test in oui case of heieditai’y 
hemolytic jaundice and the coiroboiative lesults of Dameshek and Bloom “ prove 
the presence of an immunologic mechanism in these cases Anti Rh Hr immune 
bodies aie unlikely to bo icsponsible foi the positive developing test because our 
patient was Rh positive and splenectomy lesulted in the disappeai ance of the 
positive Coombs test 

Nature and Ongiii of Sphei ocgtosis Spheiocy tes aie led cells with increased 
tliictaiess deoieased mean cell diametei and noniial volume These physical 
alterations account foi the globulai shape of these cells as contrasted to the 
biconcavity of the uoianal eiythrocytcs Spheioey tosis may he found in a great 
variety of conditions Exporinieiitally it may be pioduced in vivo by bums’ 
and by the injection of ceitain hemolytic agents (eg antned cell seia* phenyl 
hydrazine) In vitro it may be brought about by exposing led cells to certain 
chemicals (eg lysolecithin saponin) or to lovvcied osmotic tension oi even by 
firmly piessing a cover slip ovei a fiesh picparation of blood ’ Clinically, 
spherocytosis is always found lu the licieditai'y type and in many cases of the 
acquired type of hemolytic anemias of various etiologies (immunologic, physical 
and chemical) 

These obsei rations eleaily demonstrate that a multitude of mechanisms may 
be responsible foi tins change in the shape of the red cell The common lesult 
of all these conditions is an alteration in the stiuctuie of the eiy throcytes, lead 
mg to a disturbed equilibrium of the forces which keep the noiiiial corpuscles 
m a biconcave shape The nature of these foices is hut pooily understood at the 
Jircsent time “ 



774 


SINGER \.ND 'MOPULSKY 


Since the numbei of biologically significdiit alteiatioiis in shape which a led 
cell maj assume appeals to be limited, it is not peimissible to deduee that a 
guen moiphologic anomaly is always pioduced by the same lactois Fuithei 
moie, the functional behayioi of led cells having the same abnoimal shape may 
can in many wavs as detei mined by the oiiginal etiologic mechanisms Func- 
tional difteiences between spheioejtes die cleaily shown by the leaction of these 
cells to the dec eloping and the l3"soleeithni fiagilitj tests Kecent suiwival time 
studies with sickle cell anemia and sickle cell tiait cells also point to qudlitatue 
laiiations hiduig behind the conunon featuie ot the sickling tendency-^ 

The lecognition that seveial tipes of spheiocytes exist must be taken into 
consideiation bi am theoiy as to the site ot oiigin of this anomalj^ in shape 
which occuis 111 laiious clinical conditions The spheioejdes found in the cii- 
culation of seieielj’’ burnt patients ciuite obviouslj oiiginate in the damaged 
aieas It appeals moie than likeh that the qualitatively diffeient spheiocjdes 
found in the heieditaii and acquiied {iminiinologic) t-vpes of hemolj'tic anemia 
aie also of difteient oiigin This point of view may be helpful m evaluating 
the euiient hypotheses on the oiigin of spheiocy tosis 

Aceoiding to NaegelF® the shape of anv eiythiocite is piimaiily legulated 
in the mallow In heieditaiy hemolytic jaundice mam led cell niecuisois aie, 
tlieiefoie, piedestiued to become spheiocides Accoiding to this concept spheio- 
ejtosis is a led cell anomaly undei genetic eontiol The failuie of spheiocytosio 
to disappedi following splenectomy in congenitdl acholuiic jaundice is often cited 
to suppoit this theoiy It should be emphasized, how'evei, that many cases ot 
aequiied hemolvtic anemia also show' peisistent spheioeytosis aftei splenectomy 
and that d positive developing test maj' leinain demonstiable foi nidiiy yeais 
Danieshek-“ objects to Naegeli’s hypothesis on the giound that spheioeytosis 
IS iieiei obseived in the nucleated and leticiilated led cells of the inaiioiv He 
postulates the action of an intiavdsciilai antibody on noimal cells, thus lendei- 
ing them spheioeytic Accoiding to this unitaiian hypothesis, anj' spheiocjdosis 
— congenital oi aequiied — is caused by extiacoipusculai mechanisms The fact 
that noimal eiydliioey tes tiansfused into a patient yvith heieditaij' hemolytic 
anemia lime a noimal life span wheieas the patient’s oyvn cells aie piematiiiely 
destioyecF is explained by the assumption that the postulated immune bodies 
die “autospecific” — attacking onlv the patient’s oyyii eiydliiocydes Such an 
intcipietation necessaiih implies that the pioduction of these hy'pothetical ’ auto- 
specific antibodies” is also coutiolled In an heieditaiy mechanism It should 
be pointed out that the failuie ot nucleated and leticulated eij^thiocytes to 
exhibit spheiical shape cannot be used to dispioie then piiniaiy oiigin m the 
maiiow It IS quite possible that the piesence of nucleai mateiial so alteis the 
cy toskeleton that spheioidieitv cannot be acliiey ed The fact that in nonhemolytic 
elliptoc} tosis the nucleated coipiiscles also fail to show elliptic shape^^ may be 
([noted as anothei example of a genetic blood clisoiclei not displayuiig the chai- 
acteiistic shape anoinah in the nucleated piecuisois 

In legaul to the “autospecific” immune bodies it should be stated that the 
decelopiiiu test ls an unspecific test foi sdobulm adsoibed to the sinfacc of the 
eij thioc’vtes Since spheiocjtes ioiiiid in the heieditaiy disease aie usually 
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“uiicoited ” it foIIoMs tint flit lit pothotic il into igfiliitimns oi lioiiiolt sms iif 
eitliei not j,!obuhns oi tli it tlic test is not bciisitiie enough to (ktoct tlitiii Lien 
i£ such f ittoi-s should bt disioiticd it is moic thin liheli that thoi Mould be 
found to diffei qu ilitatmh fiom the Jobulm inmniiic bodies 

Ham and Castle'' eoiisidei st isis to bt '■n imiioitant faetoi piotluciiig 
spbeioej tosis These iniesti^atois Inio sboiin that in iitio iiieuliatioii of led 
cells and also st ignition ot eiitliioeites lu the spletii lesult in meicasiiig 
spbeioidiciti Mith ineieasnig mcebanieil and osmotic fragilitj Eij tbrostasis 
IS supposed to cause an aceumulation of iiictahohtes ivith resulting siicHiiig of 
the cells Tins hipothesis does not account foi the abstiice of splieioci tosis m 
mani splenomegalies (e „ poll 1 1 tbciina ) iihcie seieie congestion and stasis 
may bo found 

Most of these bipothcsos are unilaruin in chatactei, eitliei disi ogai ding the 
demonstiable quabtatiic difteicnces of the ipheiocites oi icquiiitig speenl 
assumptions foi a satisfnctoi i esplaintioii of the knoiin facts Although these 
theoiics have been cNtieiiieli useful in stimulating vtlnablt ospeiimenta nhieli 
uncoicied nen eiidence tie belicie that it picsent the hipothests of the muUxph 
otiijm of sphci ocytosif is moit adequate 

Prom this standpoint it seems quite piohnblc that in the hcicditaii fipe of 
hemolytic anemia uiicoated splurocitcs dciclop in the maiioiv uiidei genotn 
eoutiol iihetens in the acquned laiioti sphciocites aie fonned aftei contact 
iiitli coating antibodies oiigiiiating m the spleen’ or possibli other oigans 
Spheioci tosis cnised hi phisiesl and chemical faetoi's lesults fiom the exposuie 
of the oiitluoeites to these agents eitlici mtianscularli or iiithin the damaged 
tissue 

Pig 1 lepiesents a dii^iani summiU7m„ the peitineut pouts of this 
hypotheses 

The esceptional piesciiee of eoated spheioeitcs iii a proied case of heieditam 
hemoh tic anemia IS theiefoie interpreted as hemg caused hj the simultaneous 
eacstence of tiio pathogenic meelnnisms Aftci splenectomi the iiioduction of 
coating antibodies leased and the dc\ eloping test became negative Spheiocjtes 
of the uncoated vaiietj continued to be piescnt 

The Sole of the Spleen i» the Sjiheroajhc IlemohjUc Spndiomes In Jieied 
itatj sphetocjtic anemia the pathologically mcicased destiuetion of led cells 
disappears following spleiicctomv It is usuallv assumed that the spleen pai 
ticipates phv siologicallv in eijthioevtc dismtegi atiou and tliat in the splicioevtiu 
anemia a hypeifunction (hemolvtie hv pcisplcmsin) exists Since the mode of 
red cell elimination uiidei noimal eonditioics is still a mattei of debate vatious 
niechamsiiis like eivthrophagoev tosis” civtliiostasis ” oi increased Ivsolecithm 
piodiietioii,” ’ aio emphasized 'Without going into anv details ail these iiv potii 
eses do not cleailv explain why all the othei noiispherocj tic hemoljtie syn 
diomes (sickle ccU anemia Coolev s anemn piioxjsma! nocturnal hemoglobm 
uiia etc) aic admittedlv not influenced by splenectomy Suivival time studies 
have sliown that the life span of the icd lells in iioimal pcisons foUoiniig lenioval 
of the spleen leniains umhaiiged ” It niav he aip,ucd that this finding does 
not necessaiilj invalidate the thcoiics of liemoljtie hijpei splctmni heeaitse the 
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othei coustitueiits of the letieiiloendotlielial sjstem substitute foi the spleen 
In heieditaiy spheiocytosis, howeiei, splenectomy stops peiinanently the in- 
creased late of hemolysis, and no othei oigans come appaientlj" into play^“'^^ 
Therefore, the leticuloendothelial system does not act as a biologic unit in this 
sjndiome Consequently the theoiy of hemolytic hypeisplenism could apply 
only to the spheiocj tie hemolytic anemias 
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1 — Differences between morphologically identical spheroc\ tes m clinical conditions 


Aeeoiduig to the hypothesis of specific splenic hemolysis, participation of 
the spleen in physiologic led cell dcsmtegiation is eithei absent oi negligible 
The spleen may be the gia\eyaid, but it is not the slaughtei house of the noimal 
coipuscles Recent studies ha^e shomi that physiologic eiythiocy te elmiination 
depends on the age ot the cell and also on the mechanical factois to i\hich it is 
exposed duiiiig its life span iMthm the ciiculation “ All hemolyTic symdiomes 
aie chaiaeteiized by eiytlnocydes with specific stiuctuial alteiations of the cydo- 
skeleton^' Such changes may manifest themselves eithei nioiphologically oi 
functionally They may^ be due to faulty pioduction in the inariow (mtia- 
coipusculai mechanisms) oi may de\elop fiom the action of external agents on 
normally constiucted ei’y thiocytes (extiacoipusculai mechamsms) In some 
disoideis a combmation of both ty^pes may be demonstiable, some defective cells 
may even become smlneiable to plnsiologic mechanisms which do not attack 
noimal corpuscles 

Splenic hemolysis is piedoniinautly invohed m the spheiocytic hemolytic 
scndiomes In the heieditaiy' disoidei the spleen selectively removes the un- 
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coated pathologic cells In the immunologic acquiied %aiiety, the spleen piM 
duces the coating antibodies uliich it is assumed iiijuic the cells and thus lender 
them spherocjtic Theie is ample cxpeiimental evidence available to support 
these statements Noinial icd colls tianstuscd into a patient with familial 
spheiocjtosis, have a iioiinal survival time The patient’s unooated spherooytes, 
when transfused into a noianal poison aic lapidlj dcstiojed® “ When spleens, 
i-eiiioved for iionhcmolv tic disoideis, aie pei fused with iioiiiial eijthiocjtes and 
also Mitli uiicoated spheiocvtes the former pass thiough the splenic sinusoids 
whereas the latter aie retained •“ M hen iioinial orvthiocv tes aie brought into 
contact with splenic tissue obtained fiom patients with acquiied spherocytic 
anemia, the led cells become coated showing distinct aggliituiation with the anti 
globulin seiiini Control e\peiiiiients with spleens fiom patients vnth hereditary 
spheiocvtosis and othei conditions fail to give an> indication of the presence of 
an adsoibable globulin 

It IS a well know 11 cluneal e\pericnce that patients with acquiied heinoljtie 
anemia iiiav or maj not respond to splenectomy whereas patients with the 
hereditan disordot almost alwavs benefit fiom this opeiation” Patients with 
the acquired disordei maj be classified into tliiee „ioups according to then 
response to removal of the spleen In the first gioup ot patients spheroojtos dis 
appeal conipletelj and pcrmanciith ” In the second gioup the coated cells 
persist pathologic heniohsis stops and these splieioojtes exhibit a normal life 
time m the patient and even when tiansfuscd into a noiaiial person In the 
diiid group coated spherocvtcs continue to be dcstrojed lapidlj These diffeieiit 
lespoiises icquiie an adequate explanation 

111 the first gioup antibodv production is appaieiitlv lestiicted to the spleen 
This was observed in Patient 8 of oui series of acquiied Iiemolvtie anemia Our 
patient with heieditai'y spheiocvtosis wath a positive Coonilis test also belongs 
to this categoiv the imniuiiologie meehanism being superimposed upon the 
genetic anomalj 

The finding of a peisistentU positive Coombs test aftei splenectoiiij indicates 
that the manufacture of antibodies occurs m othei organs also The fact that 
spleneetomv stops the pathologic hcniolvsis ui some of these patients and does 
not in others inaj peiliaps he explained on a quaiititativ e basis If the formation 
and release of damaging imiiiuue bodies pioeeed on a larger scale iii the extra 
splenic tissues splenectoinj will not be successful Hoivevei our pieseiit uiidei 
standing of these nicchaiiisms is too ineonnilete to lule out the possiliditj that 
qualitative difteieiices iii the coating antibodic-s and their associated damage to 
the cj toskeleton mav not also be of importance 

The wavs and means bj which the spleen distinguishes between the diffeient 
tv pcs of spherocj tes are not quite clear Wh pple“ heliev cs that normal dis 
coidal cells have no diffieultv in tiavei sing this organ wheieas spliciocytes being 
thicker, aie unable to pass through the stomata of the splenic sinuses Tlie 
demonstration that coated spheiocjtes when tiansfused into noinials have some 
tunes a noinial survival tinie'“ * renders this hjpothesis untenable It seems 
howcvei conceivable that the local conecntiation of antibodies iiia> destrov the 
cells within the spleen 
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otliei coiistitueuts o± the i eticuloendothelial sj stein substitute foi the spleen 
In heieditaiy spheiocjtosis, howeiei, splenectomy stops peiinanently the in- 
ci eased late of hemoljsis, and no othei oigans come appaientlj into play^“’^' 
Theiefoie, the i eticuloendothelial s'sstem does not act as a biologic unit in this 
sjndrome Consequently the theoiy of hemoljdic hypeisplenism could apply 
Old}’ to the spheioectie hemoljtic anemias 
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Fig 1 — Difterences bet^^een morpholOBicall> identical spherocjtes in clinical conditions 


Accoidiiig to tlie hypothesis of specific splenic hemolysis, iiarticipation of 
the spleen in phjsiologic led cell dismtegiation is eithei absent oi negligible^'' 
The spleen maj be the giaiecaid, but it is not the slaughterhouse of the noiinal 
coipuseles Recent studies have shown that physiologic eiythiocyte elimmation 
depends ou the age of the eeU and also on the mechanical factoi-s to uhich it is 
exposed dining its lite span uitlun the ciiculation All hemolytic sindionies 
aie chaiacteiized bj eij-thioe^des with specific stiuctuial alteiations of the cyto- 
skeletoii'*^ Such changes maj manifest themsehes eithei moiphologicall}^ oi 
tunctionallA' They maj he due to faultj pioduction in the maiioiv (iiitia- 
coipusculai mechanisms) oi maj" decelop fioni the action of external agents on 
noimallj constiucted eijthiocj'tes (extiacoipiiseulai mechanisms) In some 
disoideis a combmation of both tjqies may be demonstiable, some defective cells 
may even become cnilnerable to physiologic mechanisms which do not attack 
noimal coipuseles 

Splenic hemolysis is piedommantly mvohed in the spheroeydie hemolytic 
syndiomes In the heieditaiy disoidei the spleen selectively lemoves the un- 
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As mn bo scon fioin this discussion oui kuoivlcd^c of tlic sphciocjtic 
liemolitic distnses is still icij iiicoiiipleti- Aliliougli the finding ol a positne 
dcicloping test 111 both tlio Iieicditiis and the atquuod \anct} diiiiinisiics the 
piactical dilTeicutnl diigiiostie \ahie of the Coombs test its eoiitiibution to tiie 
undei standing of these s\ ndiomes mai become significant in the lutiiie 

B Pracbcal Coiisicieiahoii'! — 

Am globulin iihich li is boeoinc adsoibcd onto the surface of the eiithioei tes 
will gne a positne dcieloiimg test with the antiglobulin seium Since the 
Coombs test is a iionspceific phenomcuoii a posit le lesult can be used foi diffei 
eiitnl diagnosis of the splicioiitie hemohtie anemia onh if anj othei cause of 
led cell sensitization bas been inled out Tsoiimmuuzation In the Rh III faetois 
must therefoie alums be coiisideud in the uitcipictation of the lesults The 
indncct deielopin^ test iiiai lie used to eseludc this latter ineehaiiism Bj in 
euliatmg the patient’s seium uith iioimal (t Kh positne (ODE) as ucll as uith 
0 Eh negative (ede) cells and then lunning the test uith the uashed eothroci tes 
one mat be able to diffeicntiatc lietuicn Rh sensitization and the immune bodies 
operating iii the liemolitie aneunas If agglutination occuis uith botli Rh posi 
til e and Rh negative cells Rli antibodies can he excluded The nidiicet del elop 
iiig test IS based on the assumption that the plasma of the patient contains 
demoiistialilo eiieulating antibodies Houeiei the concentiation of those anti 
bodies maj he so small that oiil\ the scusituc dnect Coombs test mai betim 
tlieu adsoiption on the led cells Fuithcimore, if onl\ thud older antibodies 
are picsent ni the seium, agglutination will not occui even aftei addition of 
albumin, but mas bo detected bv means of the developing test T ible V 
sunimaiizcs the lesults of the proeeduies to be cmploved in the diffeieiitiation 


TaDIK V PllFEKENTIATIOS BETIVEES Rll SENSlnZATlON VSD IlIMESOLOGIC 
IlEAIOLlTU VNfMlAS 
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Rgamst 0 I?U positne 
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of these two conditions caused 111 qualitatiielj diffeicnt immune bodies No 
diffeieiitiation betucen these two states of immunization is possible at present 
if the patient is Rh negative and is luioivn to hnie had Rh sensitiz ition In such 
cases the Coombs test mav be mislcadiiif, if not pioperlj eialuated 

"False positive ' lesults^” niaj be due to inipiopei techniquo or to iclsorp 
tion of globulins caused hi nonininiuiiolo„ie iiieehanisnis Ilouevoi such condi 
tions, although tlieoieticallv conceiv ible aie not known at picsent The possible 
objection that the positive developing test in our case of congenital bcmolvtiv 
aiieiina might lit a filse positive ’ one is dispioved bv the fact tint it was 
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positive Oil lepeated occasions when the contiols weie negative and became pei- 
nianently negative aftei splenectomy, tins patient who was Kh positive never 
had any transfnsions pieviously — fiiithei pioof that Hi imninnization could not 
have plaj ed a lole eithei 

Not all cells giving a positive developing test have a spheiocytic shape 
Although spherocytes aie sometimes obseived in eiythioblastosis fetalis,®”' in 
many cases of this disoidei sphei oidicity is not demonstiable on the film 
Fuitheimoie, cases of acquiied hemolytic anemia in adults have been obseived 
wheie sphei oeytosis was absent but the Coombs test was positive’® Whethei 
coating and alteiation in shape can be coi related to specific antibodies leqnires 
fiiithei studies 

The denionstiation of a positive Coombs test in heieditaiy hemolytic anemia 
diminishes the value of this test as a means foi the differential diagnosis between 
the congenital and the acquiied spheiocytic anemias Since a positive develop- 
ing test is indicative of an existing immimologic mechanism, a negative test 
excludes such a condition and spealis stiongly foi familial spheiocytic anemia if 
diugs and othei obvious hemolytic agents can be iiiled out Table VI contains 
a sunmiaiy of the disordeis in winch the peifoimanee of the developing test may 
be of diagnostic value In oui opinion the developing test should become a neces- 
sary lequiienient in diagnosing hemolytic syndromes If positive, the hemolytic 
anemia sliould be designated as bemg of the “immimologic” type Such an 
immunologic hemolytic anemia may even be found super imposed on hereditary 
spherocytosis 


Table VI The Developing Test in tue Heholytic Anemus , 
Results Obtained so Parw is 


POSITIVE DEVELOPI^G TEST 

NEGATIVE PEVELOPING TEST 

(A) Acquired spherocytic hemolytic anemias 

(1) Idiopathic 

(2) Symptomatic (Hodgkm’s disease, 
leucemia, lymphomas, Boeek’s sar 
coid, Gaucher’s disease,* ovarian 
tumors,* etc ) 

(B) Hereditary spherocytosis (occasionally) 

(C) Isoimmunization due to kno'm immune 

bodies Rh, Hr, A, B, (M*) 

(1) Erythroblastosis fetalis 

(2) Sensitization following transfusion 

(A) Hereditary spherocytosis 

(B) Spherocytic anemia due to physical or 
chemical factors (burns,* sulfa drugs, 
pheny Ihy drazme* ) 

(C) Sickle cell anemia 

(D) Cooley’s anemia 

(E) Paroxysmal nocturnal hemoglobinuria 


•Not actually determined jet but assumed on the basis of other evidence 


SUJIM IRY 

1 The developmg (Coombs) test, using an antihuman globuhn rabbit serum, 
deuioustiates the presence of globulin antibodies adsorbed to the surface of 
eiythiocjffes Thus “coated” and “uncoated” red cells can be distmgiiished 

2 Sixteen cases of spheiocytic hemolytic anemia were investigated All the 
seven cases of idiopathic acquiied tjqie and one case of symptomatic hemolytic 
anemia (leticidum cell sarcoma) gave a positive test The result was negative 
in one patient with hemoljtic anemia caused by a sulfa ding Of the seven 
patients mth heieditary spherocytosis, six showed a negative developing test 
whereas one seveiely lU patient displajed a stiongly positive reaction 
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3 Splenectonij iii Uio acquiied cases icsultccl citliei m disappearance of the 
coated spheiOQtes oi the coated tells rcnnincd dcmoiistiahle, although the 
patliologie liemolj sis ceased 

Splenectonij m the case of heicditaij splieiocj tosis with a positive Coombs 
test led to disappeaniice of the coating although spheiocj tosis pei'sisted This 
finding demonstiates tint two diffeicnt incchanisms were operating in this 
particular case 

■i A positive detelopmg test indicates the picsence of immune bodies The 
immune bodies whicli occui in spheiocj tic aiitinias aic qualitatively different 
from the antibodies diiccted against the Bh Hi antigens A method is desciibed 
to distinguish these tj\ o categoncs of antibodies 

5 The existence of “coated’ and uiicoated’’ spherocjtes is explained by 
the hypothesis of the multiple oiigin of sphcioeytes In the lieieditaiy type of 
hemolytic anemia uneoated cells develop iii the mariow under genetic contiol, 
Jihoreas ui the immunologic jaiictj splieiocjtes aie foniied after contact jvith 
coating antibodies oiigniating in the spleen and/oi othei organs Spherocytosis 
caused by physical and chemical fictois will lesiilt from the exposuie of normal 
red cells to these agents cither intiavasculaily oi witliui damaged tissues 

6 The thooij of specific splenic hemolysis is adjanced in oidei to explain 
the role of the spleen in spherocj tic hemolj tic sj iidionies as contrasted to the eur 
rent hypotheses of hvpersplenisin Paiticipation of tlie spleen in physiologic red 
cell destruction is consideied negligible Splenic lienioljsis is predominantly 
involved in the spherocytic hemolytic sjndiomes In the heieditaiy disordei the 
spleen selectuely lenioves the uneoated pathologic cells In the immunologic 
variety the spleen pioduees the coatiiie antibodies winch piobablj injure the cells 
and render them spheiocytic Coiiccu ibly the cells may then be destroyed 
within the spleen by an incieased coiiccnfntion of antibodies in this organ 

7 The finding of a pcisistenth posituc dcjelopnig test following splenec 
tomj indicates that the production of antibodies may occur in other tissues also 
The fact that splenectomy stops the inthologic hemolysis in some patients with 
acquired hemolytic anemia and does not in othci’s may peihaps be explained on 
a quantitative basis If the foimation and iclease of damaging immune bodies 
proceeds on a larger scale in the cxtrasplciuc tissues splenectomy will not be 
successful Howcjei, oui present uiidci-standiiig of these mechanisms is still 
incomplete The possibility exists that quilitatue differences nr the coating 
antibodies and their associated damage to the icd cells may also be of importance 

8 The demonstration of a positive Coombs test in lieieditaiy hemolytic 
anemia dimmishcs the value of tins test in the diffeicntial diagnosis between 
hereditaiq and acquired sphciocvtic aiiciiiii Since a positive developing lest 
IS indicative of an existing iiiiiniinologic mechanism a negative test speaks 
strongly foi familial spherocytosis it diiioS and othei obvious hemolytic agents 
can be ruled out 

9 The developing test should bctonie a necessary inqiniemeut in diagnosing 
hemolytic sviidiomes If positive the hemolytic anemia should be designated as 
beuig of the miniunologic type bueh an iiiununologio hemolytic anemia may 
ev cn be found superimposed on hereditary spherocytosis 
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HYPEETENSION DURING BLOOD TRANSFUSIONS FOR 
HEMORRHAGIC SHOCK IN A PATIENT WITH 
UNILATERAL RENAL ISCHEMIA 

Elmer L DlGowin, MD 
low V City, Iowv 

D uring the last twenty jeais the investigations of Goldblatt and many 
otheis have fiimly established the main outlines of the hunioial mechanism 
of lenal hypeitension When leual ischemia occuis fiom any cause, lenin is 
elaboiated in the paienchyma of the kidney and is leleased into the blood 
stream Renin itself has no vasopiessoi action but it combines with hypei- 
tensinogen (lenin activatoi), which is noiiiially piesent in e\cess m the plasma 
and lymph, to pioduce hvpeitensin (aiigiotonin) This lattei substance has 
a definite vasopiessoi effect A hjdiolyzmg enzyme, hypertensiiiase (angioto- 
nase), is piesent in vaiious tissues and has the piopeity of destroying oi in- 
activatmg hypeitensin This agent is found in liighest concentration in the 
intestine, kidney, pancreas, spleen, livei, and eiythiocytes It is piesent in 
only small amounts in bloOd plasma and seiiun 

Sapiistem, Ogden, and Southard* demonstrated a lemn-like substance in 
the blood of dogs duiiiig severe hemoiihagic shock Latei they- proved that 
the aiteiial hypotension associated with extensive loss of blood in the dog tvas 
caused partly by exhaustion of lenin activator ( hyper tensmogen) The in- 
jection mtiavenously of relatively small volumes of renin activator, prepared 
f 10111 the globin of ox plasma, would temporarily restore the blood pressure 
to normal 

Dogs in seveie glades of hemoiihagic shock were studied by Collms and 
Hamilton^ who found tliat the renin substrate ( hyp ei tensmogen) increased 
progressively in animals fiom which the Indneys previously had been removed 
In intact dogs there was an initial use in the concentration of renin substrate 
wduch was later followed by a significant reduction below normal as hemoiihage 
proceeded They also obtained evidence of increases in the concentration of 
a substance giving the pharmacologic reactions of angiotonin (hypertensin) 
Late in the course of shock there was a secondary diminution in angiotonin 
which was attributed to exliaustion of the renin substrate 

By injecting lenin and angiotonin into dogs in hemoirhagic shock, both 
before and after transfusions of blood ivere given, Middleton'* showed that there 
was little support for the conclusion that there was a deficiency of lenm sub- 
strate (hyper tensmogen) He concluded that the lenm-hypei tensmogen 
mechanism was not involved m the occur lence of eiieulatoiy failure m shock 
and that the letuin of response to iciim or hypertensin during ciiculatoiy 
failuie remained unexplained 
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The effect of blood transfusions on the blood piessuie of human beings in 
hemorihagic shock has been observed thousands of times Although there may 
be an increase in the amount of renin produced during shock or an e\haustion 
of hypeitensmogen, the transfusion of either fresh or preserved human blood 
usually does not result in hypertension in the patient in shock It was therefore 
of particular interest to encounter a rare combination of circumstances which 
enabled observations to be made upon a man who received forty blood trans 
fusions in the treatment of hemoiThagic shock During and after many trans 
fusions the artenal tension rose to abnoimallv high values for several hours 
Autopsy subsequently revealed the presence of a ring of malignant lymphoma 
around the left leual aiteiy in such a manner as to produce narrowing of the 
lumen 

C VSE REPORT 

Dr F E W, Hospital No -13 9550, a 53 year old male teacher of \etcmiary medicine, 
was examined in the Unneraitj Hospitals Aug 30 19vi3, lie complained of pam in the lower 
back and abdomen In Marcii 1942 he had developed pamle'^s swelling of the lymph nodes 
in the right aide of the neck Biopsy of a lymph node had been dmgno ed as lymphoblastic 
lymphoma and \ ray irradiation of the cervical region had resulted m the complete disappear 
ance of palpable nodes m the regioiL Thereafter he had felt well until a few weeks before 
admission to the hospital when he experienced diffuse transient pains m the abdomen. He 
developed severe pam. m the lower back wluch was augmented in the supine position and 
necessitated sleeping in a chair Tlie pain became more intense nlicn the spine was hyper 
extended There had been no radiation of pain in the distribution of the sciatic nerve*^ 
Several days before admission lie had noted that the feces became black and lus skin slightly 
pole 

The phjsical examination revealed a well developed and well nourished man who was 
not in acute distress TIio «km and mucous membranes were pole There was no cyanosis, 
dyspnea, or icterus The pupils reacted to light and accommodation, the ocular fundi were 
negative There was no evidence of arteriosclerosis of tho retinal vessels The nose, ear^i 
teeth, and tongue were normal No lymph nodes or other masses were palpable m the neck 
The thorax was sj mmotncal Tho heart nos normal in size, rate, and rhythm No murmurs 
were heard The arterial blood pre^^sure measured 130/80 The lungs were normal from 
percussion and auscultation The abdommal wall was thick and well muscled The area of 
splenic dullness was somewhat increased and a mass descended with inspiration beneath the 
left costal margm wluch was thought to be spleen This was not tender The liver was not 
palpable There was no ascites The gcmtalia and rectum were normal The prostate 
gland was not enlarged Feces removed during digital examination of the rectum were 
black and gave chemical tests for blood There was pitting edema of the ankles to the depth 
of 1 mm to 2 mm . The tendon reflexes were physiologic There were no areas of tenderness 
along the spme 

The mitial urme specimen examined had a specific graiitj of 1 020 It was clear acid 
and contained no albumin, glucose, or blood The first blood count showed hemoglobin, 
9 0 Gm per 100 ml (Haden Hausser) erythrocytes 2 57 millions per cubic millimeter 
leucocytes 6 750 The differential leucocj'to count was 66 per cent polymorphonuclear 
neutrophiles, 1 per cent eosmoplules 1 per cent basoplule'^ 27 per cent lymphocytes, 3 per 
cent monocj’tes, and 3 per cent unclassified cells 

An X ray examination of the chest and upper gastromtestinal tract was performed with 
the Old of a barium meal The heart and great vessels wore normal and there was no en 
largement of tho mediastinum The lung fields were clear and the diaphragms were normal 
m position and function. There was no distortion of the stomach or duodenum although the 
fluoroscopist thought that the stomach was displaced anteriorly The colon was o-xammed 
radiographically with a barium enema but no abnormalities could be found 
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The patient Mas idmittLil to i liospit il bed on fccpt 1, 1943 A siginoidosoopit e\ 
animation, luis made tlie next d ij No abnoiin ilities were found except i pohp on the left 
wall of the rectum mIiicIi Mas not bleeding On September 3 in itlempt m is made to pass 
a gistroseope but the pioeeduie Max ibandoiied Mhen the instrument eneountered an ob 
stiuction at the lowei end of the esophagus 

Sent 12, 1943 
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Pig 1 

The p im in the back and the uppei abdomen had been increasing daili so that sleep 
wis interrupted X ray iiiadiation of the splenic area and epigistnum mis begun September 
4 and continued until September 10 During that time the pitieut Mas gnen 1,200 r to the 
retroperitoneal legion and 800 r to the epigistnum in dailj doses of 200 units on eicli side 
Anorexia mortised and the pain in the bade and abdomen was augmented In the eiening 
of Septeiubei 10 the patient inniited 20 ml of daik blood and pissed i smill amount of 
blood per reituni Theio nas profuse dnphoiesis and the volume of the pulse ms temp 
orarilj diminished The next daj he lomited 150 ml of dark red blood He Mas found to 
belong to group O ind Mas gueii a transfusion of 500 ml of blood of homologous group 
presen ed in i modified Rous Turnei solution- 




H\PFRTFNSION DURING BLOOD TRVNSFUSION FOR HEJIORRH \.GIC SHOCK 787 


At 2350 hours on September 11, uithout wnriung tho patient lonuted i large amount 
of blood ind felt \er^ ^\eak Thirty iiuiiutea liter (nt OOJO hours September 12) there Mas 
another erne is of blood and the pi say of i thin t irr\ stool Vt 1030 hours there nas more 
lomitmg of blood and i feeling of thirst \.u hour liter the patient suddenly Ment into 
profound shock md betame uneon eiou There hid been no ibdomin il pain but he Mas under 
the influence of morphine Tepieal Ku snmul brcithin^ de\ eloped and the blood pressure 

Sept 13 1943 


Blood Pressure Aseoolated <flth Blood Transfusions 
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measured 40/0 Fig 1 depicts the lespon o of tho blood pre sure to the transfusion of two 
liters of preseried blood Consciou iie s was rccoiered nt 1430 hours and the patient felt 
relati\clj comfort ible for the rest of the d ij Tint da^ the maximum \alue of the blood 
pressure after transfusion was 130/84 

On September 13 the patient passed everal stools of bright red blood between 1400 
and loOO liours he sueated moderatelj and complained of thirst The blood pressure was 
72/40 One- htei of pre cried blood was traiisfu e<l iiitli recovery from shock in npproxi 
matelj one and one half hours At 1800 liours the blood pressuie was found to be 170/110 
(see Pig 2) The measurements of arten il ten ion were checked eieral times iiithin an 
hour and found to be correct At 0S30 liours on September 14 the blood pre sure Mas still 
108/100 B) ^000 hours tho tcnsiou had declined to 120/80 No blood transfusions were 
guen timt daj 
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The patient again lost 1 irge amounts of blood on fetptembor 10 There was blood m 
the vomitus and stools and he went into shock on two separate occasions The response of 
the arterial tension to blood transfusions is indicated in Pig 3 With the third transfusion 
of 500 ml of blood, the arterial pressure rose from 90/42 to 180/130 in thirty minutes 
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During the fouith transfusion the blood piessure was augmented still furtlier to 218/142 in 
another thirty minutes 

Pig 4 contains a summary of the transfusions of blood, the dady maximum and 
minimum blood pressure values, and the eijthroeyte counts for most of the hospital stay 
It wdl be noted that on September 19 the blood pressure measured 230/128 although the 
patient had received no blood transfusions foi one and one half dajs The next day normal 
values were obser^ed 

On September 28 the erjthrocjte count was 5 3 millions per cubic millimeter, in spite 
of the fact that there was daily bleeding from the gastrointestinal tract Beginning 
September 12 the patient had a continuous low grade feier with rectal temperatures ranging 
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from 100° to 103° F On feiptimher 20 the blood uro i nitroj;cn \\ m 117 ing pci 100 nil 
and tilt Lit itminc, 10 imlligrim Hie tubon dioxide LOmbiniiig poMci of the blood nas 
59 S toluiiiLS per 100 niillilittrs Ko luithci blood iIiLmitnl studies wore m idt Urine 
speLimeus t ikeil liter tr iiisfusions were iiegitue foi lieiiioglobiii .Six mine speeiniens were 
exmiined more eompleteh, the list on September 20 The specihe grmtj rnngcd between 
1 OIS md 1 025 The re letion w is ilwixs leid None lontnined ilbumin, glueose, or blood 
jSTo e ists 01 pus cells were seen in the sediment 

On September 10 the mass in the left uppei qu idnint of the ubdonu n w is found to 
hate enlarged eonsuleribh so tint it jirotruded ibout four hngerbie idths below the cost il 
mirgin It seemed tliuUei thin the spleen should hue been with tint degrie of enhiigement 
September 20 the pitunt was i oiitinuousl> disoiieiited iiid toiiipl lined of terrible pain 
in the bade and ibdonieii There w is frequent swe iting, xomiting of blood, and the passige 
of bright red blood through the rei turn 

On sexeril oeeabions the pitient w is questioned eoiieerniiig me isurements of blood 
pressure before he enteied the hospit il He w is m eminent siiintist who hid considerible 
knowledge of lucdieine and took a keen iiiteiest in the soientiin ispei ts of his condition 
He stated that he had been cxiiiiinod seecr d times during the preitdiiig eighteen months 
at various elinns and the measiireiiieiits of blood piissure idw les hid been reported as 
normal 
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R-T Blood presere ed in modified Rous-Turner Solution 
C Blood stored In sodium citrate solution 


Altogether the patient received fortv blood transfusions of 500 ml eidi The blood 
was preserved in either a modified Rons Turner solution-* or it was colleeted in sodium eitrnte 
solution and given within a few hours or davs The patient belonged to group O and, of 
eourse, reeeived onlj blood of that group Tv ping oi the Bh antigen was not performed 
There vv is one question ible hemolytic leoetion ifter tr iiisfusioii, ill others weic uneompli 
cated The data on the donors whose blood the patient leciived aie noted in 1 ible I 
Blood pressure me isurements were not made on the donors 
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lOST MORaEAl FINDINGS 

A complete 'lutops} w u3 begun one hour nnd fortj minutes after death * 

Tlic bod> ms tint of a well (le\ eloped and well noun bed man IbO cm m lenf^th ind 
wcijjinug 7^5 kilogruus (17o pounda) There were no skin lesions or edema The bUjier 
ficul Ijmph nodes were uot enlarged 

Pentonecl C<inty — Before an inei ion w is midc a large mass could be seen and felt 
winch occupied the left upper qu idrant of the abdomen and tlic epigastric region feectiou 
of the abdommil will reioalcd good musculature and i la>cr of adipo e tissue about 1 5 cm 
in thiel ne s Inspection of the peritoneal caMt\ di do ed a largo nodular mass which oc 
cupied the left upper quadruit It was firm and white It lavolied the entire stomacli, 
pancreas, plcen left ulrenal qI ind left kidnej the aort i and vena ca\a with their associated 
\cssoIs, and retroperitoneil hnipli node The me enter) of the trmsvcre colon and the 
splenic flexure was adherent to the mi but there was no constriction of tho lumen of the 
bowel Tho sniall intestine right adrenal ind right hidnt) were not invohed Some white 
strings of tumor tis ue extended uji into the lulus of the li\er 

Wlien the ''tomich was opened the enter of an ulcer the size of a man s flst was re 
\eulcd m the posterior wall of the fundu The ulcer had penetrated the spleen and cx 
cdiatcd a cn\it) about 10 cm in dmmoter and 5 cm deep Tho ba e of the ulcer lax deep 
m the «plecn •*o that blood hud ]u ed freeh from the splenic pulp into the stomacli 

The retroperitoneal hiupli nodes weie enlarged to measure between 3 cm and G cm 
m diameter The\ were soft wlute and collulir They surrounded the aorta vena cava, 
loft renal xcs el the ecliac u\i and the superior me enteric ves els The pancreas was 
completelj surrounded b) tumor 

■Microscopically it was «een that tho uormil urclutectur il pattern had been coniploteh 
replaced b) a malignant neopla m of the l)mphoma group The tumor for the most part, 
consisted of ma ses of hmphobhstu eil! with a monotonous!) uniform pattern since there 
'vero no attempts it follicle formation The l)anphobla8ts were round or oxal and rather 
pilo-staming ScittoreJ lomng thee cell however, were numerous reticulolnstiocjtes in 
xariouB stages of maturation Man) showed phagocxtic actixit) Scattered through the 
neopl istic tissue were sexeral clumps of plasma celh In other areas mononuclear cells 
probabl) inonoc)t(s xvero ton arising from the reticulum stroma particular!) where there 
was hviicrplasia of the retieuloendotUelial elements Occasionallx there occurred rather largo 
collections of the so called svncvtml forms of primitive reticuloendothclml cells These had 
denso mn se^ of chromatin xxitliin. the nuclei and oul) a slight amount of c)topla'im These 
cells weie arranged in cord and •strands winch separated the connective ti'»sue stroma 
Despite the xanous cell t)pes pre ent the l)mphoblast3 obviousl) predoimnited and it x\*a8 
Qppiront that the tumor was fundament ill\ of reticuloendothelial origin lu which mituration 
had been arrested at tho 1) mphobl i^tic stage Howexcr, occasional clusters of immaturo 
l)anp}ioc)tcs also weio ob erved xvliicli indicated that furtlier maturation had occurred in 
Ohio regions 

Manx blood ves els particularlx m the spleen wcii, fillid with neopla tie cells so that 
tumor thrombi xvero conspicuous Numerous normal and pathologm mitotic figures were ob 
erved la general the tumor ippeared to be growing rapidl) and was highly invasive 
Ducal are 13 of netrosis e pcciall) in the spleen were found of which ome were hemorrhagic 
from eiirl\ mf irction and others appeared older 

Thoracto Cavity- — Tho left hcniitliorix contained 2 SOO ml of sero anguineous fluid 
There were 100 ml of ileir )cnow fluid in the right hemitIiora.\ Ihc loft lung was collap ed 
*1110 the right w is somtwhit enipii) cniatou 

M&hastinum — Tu t aboxe tin bifure itiou of the tnehea w is a white cellulir Ixniph 
node about 4 im in diaimter Strings of white friable tumor ti sue dc cended from this 
tiirough the diaplingm and were intcipreted to be Ixmplmtic trunks filled witJi neoplasm 

The ucrtlncnt cro s flnillngs were reported b> Dr C J Mikc-tson while I am indebted 
10 Dr J Is Cm ter of the Department of PathoIoB> for the microscopic findings 
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Heoif — The pericardial walls were smooth and glistening The heart weighed 330 
grama The chambers were not dilated The wall of the left ventricle was 15 cm in thick 
ness, the right was 0 5 centimeter The valve rings measured aortie, 7 5 cm, pulmonic, 
7 8 cm , mitral, 10 0 cm , and tricuspid, 11 8 centimeters The foramen ovale was closed 
The epicardium, endocardium, colunmae cariieie, papillary muscles, chordae tendmeae, heart 
valves, and coronary vessels weie normal 

Microscopic e\amin ition showed the epicardium to be tluii and the epicardial fat 
abundant There was no evidence of inflammation The myocardium appeared virtuallj 
normal Theie was no evidence of hypertrophy, infection, or infarction 

Lungs — The right lung weighed 400 grams It was pale and the alveoli were slightly 
larger than noimal hfo lesions weie found on section The left lung weighed 420 grams 
It was red, had the consistency of soft rubber, and sank when immersed in water IVlieii 
sectioned, a red mfaict about 8 mm in diameter was seen which contained one small, soft, 
yellow area 

Sections viewed microscopically showed focal aggregates of neoplastic cells m and 
beneath the pleura The malignant cells extended a moderate distance into the parenchjma 
of the lung Both arteries and veins were invaded by tumor eells Focal atolecta«es wore 
observed and adj icent to some were regions of compensator j emphjsema Thoio was mild 
but definite thickening of the pulmonary arteries and arterioles In one locus the parenchyma 
of the lung had been repl iced b 3 a mass of necrotic debris and hemorrhage This area was 
well circumscribed and appeared consistent with an infarct about twelve hours old 

Spleen — The spleen could not be weighed accurately because it was embedded com 
pletely in neoplasm and surrounded by adherent omentum, diaphragm, and body wall It 
measured about 15 by 20 centimeters The upper medial portion formed a dark base for the 
ulcer in the stomach and the excavation was the size of a half grapefruit Sections showed 
firm yellow areas m the parenchjma which were a maximum of 8 mm in diameter Similar 
areas were baielj visible to the naked eje Very little red pulp was seen Ho fresh infarcts 
were observed The blood vessels at the base of the ulcer were patent and gaping, some of 
the lumens being 1 mm to 2 mm m diameter The micioscopic appearance is described 
under Peritoneal Cavitj 

Gastrointestinal Tiact — The esophagus was norm il, but just above its entrance to the 
cardia of the stomach a neoplastic Ijraph node about 10 cm in diameter was situated anterior 
to the vertebral column so that it probably obstiucted the passage of the gastroscope Large 
masses of retroperitoneal nodes were filled with neoplasm in such a manner as to displace the 
stomach anteriorlj The upper half of the posterior wall of the stomach was completel} 
adherent to the mass and to the spleen. In the posterior wall of the gastric fundus was the 
mouth of the ulcer which commumcated with the interior of the spleen This orifice was 
about 12 cm in diameter The wall of the ulcer was so thin that soon it would have ruptured 
into the lesser omental sac 

The small intestine, colon, appendix, and rectum were noimal except that the transverse 
and splenic portions of the colon weie adherent to the spleen, although they were not mvaded 
by neoplasm 

Liiei — The liver weighed 1,900 grams Section of the pedicle revealed white streiks 
extending into the parenchjma and jellow discrete aieas measuring from 1 mm to 4 mm in 
diameter 

Microscopicallj much of the parenchjma appeared to have been replaced bj misses 
of malignant cells For the most pait, the largest aggregates of neoplasm were in the portal 
areas However, contiguous and ramifjing masses of tumor cells involved the central and 
the niid zonal portions of the lobules Mild fattj metamorphosis was present and there 
was active regeneiation of livei cells in some areas, is evidenced by enlarged hjpercliromic 
and frequentlj double nuclei Small regions of necrosis were present 

Pancreas — This gl ind was sui rounded bj neoplastic tissue but microscopically the 
general architectural pattern seemed to be preserved In several areas there was invasion 
of the gland bj neoplastic cells, pnneipallj along the interlobai and interlobular septa 
Small focal necroses had occurred and one zone of fat necrosis was seen Invasion of the 
blood vessels by neoplasm was observed 



Fjg 5 — Pbotoffrapb shoeing section of abdominal aorta and left renal arter> laid open 
On extreme right is tlie hllus of the left kidnej The renal artery is completely surrounded 
by a ring of lymphomatous tis ue so that Its lumen Is compressed (Photograph lightlj 
retouched.) 


Tile right luUne^ uoiglied loO giams Uudtr the capsule were tuo jellow uedge shaped 
arciuj about 0 5 cm m diameter The partmhjnm was othcruise normal 

Micro«icopicall) the architecture of both kidneys seemed to be well preserved V few 
h> ibm^Gd and ftbro cd oldwtruli were pre ent but most were within i ormnl limit Although 
there were a few degeuenttd tubules most were Mrtualh normal There was no e\idence 
of lower nephron nephrosis or nephritis Mnuj of the tubule howe\er contained precipitated 
protein and granular debris Tlio inter titial ti sue was not edematous and the vessels 
in tlio parencliyma were normal The capsulo and sux>crficial cortical tls^uo of the left kidnoj 
was invaded bj solid nm ses of malignant cells Large ireas of necrosis were present in the 
neoplastic ti&sue In the right kidne> was seen a recent infarct winch appeared to be about 
fort} eight to e\eiit} two liouxs old Surrounding this there was a conspicuous zone of 
h}pereiiua and acute cellulitis 

Both pehes and ureters were normil md patent 

Jdreimts — TJie right adrenal gland nppcartd normal both grossl} and mictoscopicall} 
The left was fixed to the tumor tissue In the microscope the capsule was seen to be invaded 
and replaced b} ma ses of neoplasm In a few regions there was also beginning invasion of 
the superficial portion of the cortex For the most part however the cortex was well pre 
erved Foci of congestion were present in the medulla 
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Blood Fes'ieh — A fe« itlieromatous plaques were seen in the aorti In the upper 
abdomen the le^-sel nas suriounded bj neoplasm but theie nas no eiicioachmtnt on the lumen 
The greater poition of the left rend irtei> u is suiroumled b-s a thick poll ir ot ncoplistic 
cells, as seen micioscopic illj The cells hid in\ idcd iiul lepliccd the adicntitii ind were 
begummg to penetrite the medii Foi the most part, the neopl istic iniohcmcnt u is super 
ficial In some ire is the intim i was shghtlj thickened ind the subintimal counectuc tissue 
was somewhat In ihnized No thrombi were piresent 

Diaphragm — Microscopic sections showed nu ision of the muscle bundles b\ strinds 
and small masses of neoplastic cells 

Brauij Genitalia, Gall hladrlei, and JJunaiy Bladder — These were entirelj normal 
Anatomic Diagnoses — 

Malignant hmphoma, mixed tjpe, piedonnnantlj Ij inphoblastic, ini oiling the letro 
peritoneal limpli nodes, spleen, Inci, stomach, left kidiiej, lift ulrenal, pleuia, ind lung 
Massiie ulceration of stomach into spleen with hemorrhage 
Eecent inf ircts of lungs, spleen, lud kidiieis 
Serosanguineous pleural eftusiou, left 
Partial coll ipse, left lung 
Conipensatoij cmph\senia, right lung 
Artenoscleiosis, geueialized 


DISCUSSION 

Theie can be little doubt that the patient did not haie In pei tension befoie 
the blood tianstusions weie given in the hospital Seieial meabuienients ot 
aiteiial tension weie made befoie the onset ot the seieie hemoiihage by me 
and othei membeis of the hospital staff and all values i\eie found to be within 
the noimal lange The patient had had seicial examinations by competent 
physicians in the eighteen months betoie admission to the hospital and hjpei- 
tension had not been noted Fiutheimoie, the anatomic examination of the 
heait and blood lessels suppoit the conclusion that essential hj'pei tension was 
not a pait of the clinical pictuie The nnocaidiuni was not Inpeitiophied 
and the chambeis ot the heait iveie not dilated Theie iveie few atheiomata 
111 the walls ot the aoita The coionaij vessels appealed noimal Theie wxis 
little scleiosis of the smallei vessels 

All aiailable eiidence points to the conclusion that the tiansient episodes 
of aiteiial hjpeitension in this patient weie caused bj (1) the tiansfiisions ot 
blood, (2) the seveie hemoiihage and shock caused bj the eiosion of splenic 
lessels with lumens of 1 mm to 2 mm in dianietei and the loss of blood diieetly 
into the stomach, (3) the ischemia of the lett kidiiej whose aiteiy was eon- 
stiicted by a iiiig ot neoplasm, oi (4) a combination ot two oi moie of the tliiee 
factois 

It is piobable that pieseiied human blood contains some hipeiteiisinogen, 
leiiin, and Inpeiteiisin Kohlstaedt, Page, and Helmei® noted that lenin 
aetivatoi (hvqieitensinogeu) disappeaied in five oi six houis fioiii dog’s blood 
kept at loom tempeiatuie It wms piesent in similai blood stoied at 10° C 
loi a week How'evei, blood tiansfusions haie not been obseived to pioduce 
hjpeitension in the usual clinical expeiience The blood piessuie is measuied 
tiequeiitlj in patients in hemoiihagic shock wdio leceive blood tiansfusions as 
the piincipal method of tieatment Yet hjpeitension is not usiiallj^ associated 
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■With iLCo\eiy fioni shock If the e\peiiniciital studies pie\iou&lj quoted can 
bo apiilied to human beings in shock it ■would seem tliat the loss of hjpei 
teusinogen by hemoiihage and tlic seciction of leiiin bj the ladne^vs whose 
ciiculation is nnpaiied aie qinntit*iti\el> not sufficient to iiioduce an aug 
mentation ot aiteiial piessuic abo\c the iioinul when blood tiansfusions aie 
gi\ en 

The unusuil auatonuc fcitiuc of the case undci discussion was the coni 
piesbion of the left lend aiteij bj ntoplisni Renal ischemia in compaiable 
ciicumstdiices lias been shown iepLitcdl\ to pioduce hjTiei tension undei c\ 
peiimental conditions It lemiins to relate this to the facts which aie known 
about tiaiisfiision and liemorihaoic shock It is concei\able that if some leiiin 
IS piodueed by the othciwnse noimal kidnci when the organism undeigoes 
sevLiL hcinoirhagic shock, moic icnm might be piodueed with the same degice 
of cireulatoi} fuiluie it the lenal iitciy wcie alreadj constricted Although 
expeiimental eiidence is not at hand, it seems that this much must be assumed 
to explain the facts lu this case 

Two alteinatnes aic possible to explain the associ itiou of the hypeitension 
with blood tiansfusion (1) that the tiansfusions were merely coincidental, oi 
(2) tint the tiansfused blood icplaccd lijpcitensinOoCU lost in hemorihaoC 
so that the incieased amoiuit of lenm was furnished with substiate to pioduce 
hj perteusin 

Since m each instance of hemoiiliagic shock in this patient blood trans 
fusions WGio given, it does not seem iiossiblc fiom the data piesented to choose 
between the alternati\es of coincidence and the icplacemcut of hypeitensmogen 
It cannot c\cn be assumed that the patient was not m shock when the blood 
pressuie was at hypertensive lc\els because Middleton^ demonstrated that renin 
01 hyperlensin had \asopressoi effects m tlic sliocked dog even in the picsenco 
of ciiculatoiy failuie In the light of lus woik tlie fact that some tiansfusions 
wcie not associated ■with hypertension m the patient cannot be constiucd as 
e\idcnce that the donoi s blood licked Inpeitensinogen oi that the patients 
kidney was not pioducnio an increased amount of lemii !Middletoii found that 
dogs in shock lesponded to icniii and hypcitcnsm at times but not at othei*s 
and concluded that the cause of the iiiCoUlaxity was not yet elucidated 

suini \R\ 

01)sei\ations on a patient with malignant lymphoma aio leeoided Eioded 
blood \essels in the spleen led to exteusue blood loss through a commumcatiiio 
uleei 111 the stomach A ring of neoplastic tissue suiiounded and compiessed 
the left renal aitciy Duiiiit, i pciiod of twenty fi\e days the patient lecened 
toity 500 ml blood tiansfusions dUei many of yyliich tlie blood piessure as 
ceiided to hypeitensne le^cls foi many liouis It is concluded that the com 
hinition oi hemonhagie shock and mill isthcmii fioni lenal aiteiy compicssion 
caused an unusuil moiease in tlie output oi lenm No conclusion could bo 
iciched as to whethei the occuiieiiec of the h>pcitension aftei blood tiansiusion 
was coiiiLidencG oi whcthei the donoi s blood supplied by pel teusinogen which 
had been exh lusted by licmoiiIii„e Onh cxpciimentil studies on animals 
can completely elucidate this point 
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a HE EFFECT OF HEPARIN AND DICUSIAROL IN INCREASING THE 
CORONARY PLOW VOLUME 


N C Gilbekt, M D , VND LAN vlefski, M D 
Chicvgo, III 

INTRODnCTION 

D uring the past se\eial yeais considerable inteiest has arisen in the lesults 
obtained in the treatment of coronary thiombosis -with anticoagulant drugs 
Several series of cases have been reported and impoitant work has been carried 
out showing reduction of moitalitj and deciease in incidence of thiomboembolic 
phenomena This woik has been amply reviewed by several authors, among 
whom are Wright, Marple, and Beck,’ Nichol and Page, Paiker and Barker ^ 
The results obtained with Dicumarol and heparin so closely approximate 
those winch we hav e obtained with othei coronary vasodilator drugs, such as the 
xanthine series, that the question arises whether oi not the results obtained with 
the anticoagulant drugs are not due to some effect other than their anticoagulant 
action It did not seem altogether reasonable that the lower roortahty and fewer 
embolic accidents now being repoited in patients treated with heparin and 
Dicumarol were due to the anticoagulant action alone 

When the patient is seen by the physician, the occlusion and the infarct aie 
already an accomplished fact Anticoagulant tieatment cannot possibly alter 
the already formed thrombus or have any effect upon the infarct itself whatever 
effect it might have on future thioinbotic processes There is no definite evidence 
that the thrombus propagates or extends and theie is a great deal of evidence 
that the thrombus does not propagate Pooid,* who has made a careful study 
of thrombi oceurrmg m coionary vessels states that when the majoi coronary 
vessels are dissected out in toto fixed m formalin, and decalcified the length of 
the thrombus in the ai teiy , m almost all cases is a matter of only a few niilli 
meters, and only occasionally is a thrombosed poition found to be 1 cm in length 
m the light coronary artery Another factor to be considered in the use of anti 
coagulants is that many cases of occlusion are initiated by suhmtimal hemoi 
rhage Wartman,“ in a careful study of occluded coronary aitenes found 14 6 
per cent occluded solely by intiamural hematoma, while an additional 34 2 per 
cent showed a combination of intiamural heraoirhage and thrombosis It is his 
current impression that subintunal hemorrhage is a lather common occuirence 
and can be demonstrated if especiallj looked foi Doles” has reported tieat 
ing acute coronary occlusions with vitainiu K with good results 

Nichol’ in diseussmg a paper by Falk® as well as his own results with 
Dicumarol therapy in patients with coionary thiombosis stated that congestive 
failure of a severe degree is less frequent when Dicumarol is used He also cites 
a number of patients with lepeated coronary occlusions who when placed on 
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daily continued doses of Dicumaiol, showed no evidence of coionaiy insufficiencj 
When lepoited, these patients weie nndei obseivation ioi peiiods langing fiom 
SIX to thiity-thiee months Coogan” lepoits a similai expeiience witli Dicumaiol 
in the ambulatoi’y management of six patients sntfeiing fiom angina peetoiis 
This has been furthei confiimed by oui own clinical obseivations of patients 
with coionaiw msufficienev who weie tieated ^vlth Dicumaiol It is haidlv to 
be assumed that lelief of pain in angina pec tons would be due to any anticoagu- 
lant action It IS much moie leasonahle to assume that lelief is due to the 
coionaiy vasodilating action iiici easing the coionaiy flow 

Cotlove and Voizimeid" m making seiial piothiombin estimations in caidiac 
patients, concluded that little is knoun of the lelation of the piothiombin activ- 
ity of the blood to the oeciiiienee of intiavaseulai thiombosis They state that 
theie IS no evidence that an inciease in piothiombin activity leads to thrombosis 
and that peihaps the abnoimal acceleiation of the dilute plasma piothiombin 
time which has been obseived in cases of thiomboembolism may be entirelj" 
secondaiy to the thrombosis alieadv foinied This study is substantiated by the 
woik of Ciimmme and Lyons 

In leviewing the clinical lepoits of coionaiy tluombosis leceiving Dicumaiol 
tieatment, we felt that peihaps some additional factoi was lesponsible foi the 
unquestioned, improved results We thcicfoie instituted a senes ot expeimieiits 
upon animals and upon the empty beating heait We have been able to show 
that the use of hepaiiii oi Dicumaiol incieases the coioiiai'v flow volume With 
liepaim, the effect vanes fiom no effect to modeia+e, depending upon the piepa- 
lation Dicumaiol, howciei, has a veiy definite and maiked effect in incieasing 
the eoronaiy flow The Dicumaiol effect is equal to that of the xanthines and 
IS of apparently longer duration 

■MSTERIinS AND MLIHODS 

Healtln luougiel Gogs of eithei sex weie anesthetized with Dial and urethane, and 
under positi\e endotracheal oxjgen pressure, the chest was opened parastern illy on the 
right The right auricular appendage w is nuked, ind i luodihed Moraiiitz Zahn cannula 
was inserted into the coronarj sinus This technique for nieasuiing coronaii flow is simple 
It lequires only a matter of three to ti\c minutes to insert the cannula and for the hlood 
to appear in the measuring cjliudei There is a minimum of trauma and the reflexes are 
not disturbed The authors recognize that this method does not measure total coronari 
flow , but it does pioperlj show a ariatioiis in flow For tins purpose, w e think this method 
better than more elaboiate methods in which greatei trauma is incurred 

During the heparin experiments, hirudin was used as an anticoagulant During the 
Dicnmarol experiments {itlni hirudin or a hep mu which w is known to hue no vasodilator 
effect was used Blood pressure recordings xvere made, using a mercurx manoinetei 
connected to a cinnula inserted into a carotid arterj This method was considered ade 
quate for these experiments Einptx beating heait experiments xvere performed, in which 
the dogs’ own blood xxas used for perfusing the coronarx xessels, in order to slioxv the 
changes iii tot il coronarx floxx 


RESULTS 

An aqueous solution of theobioinine sodium acetate, fleshly piepaieci each 
daj, was used as a standaid eontiol m the expeiiments If, aftei the mtia 
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\ CHOUS mjoctlou of this diUo i piompt rise m coionni flow followed, it was 
coubidticd tint the ippuitus was fuiietioiiiiia piopeilj Fig 1 illiistiates i 
tjp’oal eoioiiaij vnsodilatoi lespoiisc to the tlicohioniiiie Table I shows tlie 
lesults of a single dose ol theoluomine on the colon iiy flow 



FIs 1 — This tracing illustrates the usual Increase In coronar> sinus aou follow Inc an Inlec 
tion of theobromine s»oUtum Acetate 


Table I 



BEFORE 

1 20 SECONDS 1 

1 LATER 1 

% CIIVNOE 

Coronatj flow 
(ml per miu ) 

IS 9 

52 0 

ISO 0 plus 

Pulse 

100 

104 

4 0 plus 

Blood jiressuri- 

*2 

74 

2 S plus 

(mm mercury ) 




Dog 3 GO 0 mg 

th obromlne odium acetate gKcn I \ 
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Following the same technique as with tlieobi online, hepann was used As 
mentioned eailiei, the effect with hepaiin vaiied iiom no effect to modeiate, 
depending upon the piepaiation used The sodium salt ot hepaim, which is 
used cliiucallv, showed slight to modeiate eoionaiy vasodilatoi effect The 
baiium salt of hepaiin did not altei the rate of coionaiy flow, on lepeated 



Fig’ 2 — following tlie administration of heparin an increase in coronary sinus flow follows 
with little associated change in blood pressure and pulse 


tiials, at various dosages It has been our evpeiience that soluble baiium salts 
have a vasoconstiicting action upon the coionaiies It is leasonahle to assume 
that the vasoconstiicting action of the baiiuni ion in the heparin piepaiation 
neutializes the dilatoi effect of heparin Fig 2 and Table II dlustiate the m- 
ciease in coionaiy flow foUoiving intiavenous administiation of sodium heparin 
The effect is not as maiked as with the xanthines, but does show an inciease m 
coionary flow of 77 6 pei cent, ivitli a faU in blood piessuie of 2 7 pei cent, and 
an inciease m pulse late of 4 2 pei cent 
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Table II 


1 

BEFORE 

I 20 SECONDS 1 

1 liATEB 1 

! 

% CHANOB 

Coronary flow 
(ml per mm ) 

170 

30 2 

77 6 plus 

Pulse 

96 

100 

4 2 plus 

Blood pressure 

(mm, mercury) 

74 

72 

2 7 minus 


Doc *’ 100 mg heparin given I V 



Pic 3 — ^That Dicumarol is a strong coronary vasodilator Is shonn by this kymograph 
tracing The increase in coronary sinus flow following Dicumarol appeared to be of longer 
duration than that produced b> a-anthines 


In the Dicumaiol experunents the clisodium salt of Dicumaiol was prepared 
from a Dieumarol base of lugh pmity, melting at 288 to 289° C This was 
diluted tvith physiologic sahne solution and given intra\ cnouslj The effect of 
Dicumarol on coronarj flow is illustrated in Pig 3 and in Table III This type 
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BEFORE 

20 SECONDS 
DATEE* 

% CHANGE 

Coronary flow 

85 0 

179 

1110 plus 

(ml per min ) 




Pulse 

128 

148 

15 6 plus 


•Dog 26 10 0 mg Dicumarol given 
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obsei'vation of profound capillao dilatation that follows admmistiation or 
dicoumaiin, even ^heu only moderate doses are given, raises the question of a 
gross vascular factor in the hemorrhage manifestation of sweet clo^e^ disease 
in cattle ” Bollman and Pieston*’ lepoit similar results, and Dale and Jaques^® 
also state that they have confirmed the lesults of Bingham and his group 

SUMMARY 

■\Ve have shoivn in these experiments that heparin and Dicumaiol mciease 
the coronary flow volume "We believe that the beneficial results of these drugs 
in coronary thiombosis and in angina pectoris are due to the inciease in coionar^ 
flow which accompanies their use 
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THE ONE-STAGE AND TWO-STAGE PROTHROMBIN I\IETHODS IN 
THE CONTROL OP DICUMAROL THERAPY, YHTH 
REilARKS ON Ac-GLOBULIN 

John H Olwin, M D 
Chicago, III 

PURPOSE 

T he iiidicatious iMi the admmistiation of Dicximaioi have bioadened in 
lecent yeais, yet the efteetive methods foi its contiol have not mateiially 
changed Effoits hixe, foi the most pait, been diiected towaid developing 
a vinifoimly reactive Ihi omboplastm foi use in the one stage method foi pio- 
thrombin deteimination, oi towaid alteiing the oiiginal one-stage pioeeduie 
as desciibed by Qiuck’- to lendei it moie nnifoim oi moie sensitive in le- 
tlecting piothrombin vaiiations This paper deals with comparative results 
of the one-stage and two-stage piothiombm methods on the blood of dicu- 
maiolized patients In addition, eaily experience with the behavior of the 
Ac-globiilin m diciiniaiolized patients is lepoited and suggestions aie ofteied 
as to the possible lelationship of this factor to dispaiities between the one- 
stage and two stage methods 


GENER.VL STATEMENT 

In the one-stage piothiombm method as desciibed by Quick,'- thiombo 
plastm, calcium, and tempeiatuie aie controlled factors Possible vaiiabies, 
including antithiombiu,''’ antithiomboplastin,'^ fibiinogen,® “ hepaiin,'’ ' 
and the late at which piothiombm is converted to thiombm,’ *' aie 

not eonti oiled The catalytic action of hepaiin on autithiombiiP^ also may be 
a disturbing factoi In the tno stage method, dilution of the plasma ina- 
teiially reduces the actiiity of the antithrombm-- and antithi omboplastm ' 
Standaidized fibrinogen solution is added m the two stage test, and the two 
stage principle, with the addition of Ae-globiiliii, eliminates as a variable the 
conversion late of piothiombm Hepaini may be a variable in either test 
and 111 sufficient concentiation will influence the results ^ 

METHODS AMD PROCEDURE 

Tills report is based on the study of 1-10 patients on Dicumarol therapy 
In the first ninety nine cases, the two stage prothrombin method, as devised bj Warner, 
Bruiklious, and Smith,2= nas used throughout as the guide in administering Dicumarol la 
the succeeding forty one cases, the Ac globubn factor was added according to the modification 
of Seegers 5 The former procedure will be referred to in this paper as the unmodified two 
stage method, and the latter as the modified two stage method 

From the Department of Suigerj Preabjterian Hospital of tlie C t> of Chicago affl 
hated with the Uniiersitv of Illinois 

Presented before the International Soclet> of Hematology Buftalo N Y August 191S 
This work "was made possible through a grant from Mi William H Kidston and the Otho 
b A Sprague Memorial Institute Fund 

Recalled for publication March 2 1949 
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lu nmetj li;o of thi. first umotj mne cascit the one stage test as de<5cribe(l by Quickiz 
^\^s rim m parallel* to tlie stage detersiinatioo In the other cases at uas run at fre 

queat mtcrsals, usually initially and nearh alnajs when the tuo stage method gave a reading 
l)elo\^ 10 per cent of normal In all instances tho thromboplastin for the one stage test pre 
pared from acetone dried rabbit bram met Quick a requirements for this reagent 

la ten of the fir'll njnetj nine eascsi the Quick test was run on plasma diluted to 13 5 
per cent of normal according to tho method of Link* and associates In tliese^ o per cent 
plasma wa'* also used 

In eighteen patients, \.c globulin deleriuinations were made according to the method 
of Mure and Seegers Blood uas draun h) venepuncture into 3 2 per cent sodium citrate 
(13 lolumes to 2 volumes respcctivelj ) and processed as previoualj described® In se\en of 
these tho determin itions were made from the beginning of the therapy, and in addition, the 
one stage and tiro stage prothrombin assajs uero niado both with and without the addition of 
Ac globulin In the case of tlie one stage test, the Ac globulm was added bj mwing Dice 
of beef serum a potent source of tho factor »» to 0 9 c c of whole human plasma The pro 
codure described by QuickC will be referred to as tho unmodified one stage method, and tlie 
same procedure using 10 per cent beef «;eriun will be designated as tlio modified one-stage 
method 

Original doses of Dipuniarol varied between 200 and 500 mg depending on the original 
prothrombin loci and tlic size of tlie patient Tho following day 100 to 200 mg were given, 
nnd the succeeding doses ivere varied according (o the prevailing prothrombin level After 
proper stabilization prothrombin determumtions were made ut weekly intervals, and in some 
crises erer^ two weeks If bleeding occurred, DicumuroJ was stopped or the do age reduced 
In three iiistancc‘i vitamin K was given intravenouslv in doses of 24 mg at intervals of two 
hours until the prothrombin rose to nonbleoding levels Periods of therapy varied up to a 
maximum of two jears with an average of sixty da>8 

RESULTS 

In all cases the two stage method tvith oi without Ac globulin added, 
moie umfoiin leidmgs and piovided foi a more accurate maintenance 
of the piothrombin level (Fig 1) In most iiii^tauces it was possible to mam 
tim the prothrombin within i hiatket of 5 to 35 per cent of noimal with an 
occasional reading above or below these extremes "With the unmodified two 
‘5tage test the ideal piothiombiu lange was 10 to 20 pei cent When the 
modified two stage piocedure was used the ideal range was 20 to 30 pei cent 
The one stage method in some instances gave lesults paiallel to and usu 
ally highei than those of the two stage test but m most cases it vaiied widely 
fiom day to day (Fig 1) The one stage technique using 12 5 pei cent and 
3 per cent plasma likewise gave widely varying lesults (Fig 2) Bleeding 
occuiied in 10 7 pei cent of the patients This usually consLsted of hematuria 
oioss 01 miczoscopic A fcwei numbei showed subcutaneous hemoiihage or 
bleeding fiom Iht tasti omtestinal tiact Theie weie no instances of serious 
bkednij. Of nine pitunts on theiapy duuug active menstruation, two bled 
lontci and moie piofusely than oidinuily Jhc othti-s noticed no vamtion 
fiom tlu usu il pciiod 

In the seven patients on whom Ac globulin deteimuutions weie made 

f^om the beginning of theiapv, this fictoi diopped in the fiist few davs and 

Occasion niv owing to technical or personnel illfllcultles a test, either one stage or two 
stag was omlttcJ 
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letuined towaid noimal by the end of twenty-one days (Fig 3) The lowest 
level leeoided was 28 pei cent of noimal In eleven patients who had been 
on Diemnaiol theiapy foi a peiiod of thiee weeks oi longei, some as long as 
eighteen months, there was no consistent vaiiation fiom the noimal 



Fig 1 — This chart repiesents the comparative prothrombin le\els of a patient gi^en 
Dicumaiol foi a thrombophlebitis of the leg Note the uide ^ariatlons beUveen the results of 
the two methods According to the two-stage test the patient was well controlled on about 
50 mg of Dicumarol daily Had the one-stage method been guiding the therapy he might at 
several points have been given 200 mg and the prothrombin depressed to bleeding levels 


In neaily all instances, the piothiombin estimate accoiding to the nn- 
niodified two-stage method was 10 to 20 pei cent lowei than that of the modi- 
fied two-stage piocedme (Pig 3) This is consistent with the finding of VVaie, 
Gnest, and Seegeis^® that an mciease in Ac-globnlin is accompanied by an 
inciease in the quantitative yield of thiombin fiom puiified piothrombm 
Vaiiations between the two weie not umfoimly alteied by maiked vaiiations 
in the Ac-globulin level That is, when the Ac-globulin was low, the diffeience 
between the two tests did not umfoimly become gi eater as might be expected 
(Fig 3) 

The same situation was obtained with lespect to the one-stage test with 
and without the seium factor The range of vaiiation between the two was 
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gieatei, Iiowe\ei, than that betneeii the two types of tno stage tests, the 
widest diffeience being 52 pel cent This dispaiity did not nnifoiinly follow 
1 ai latioiis 111 the Ac globulin i alues (Fig 3) 


Compar&tl a Levals f P othrambn 
Usrfiff One Btatfe «nd Tuo atave Methods 



Fig — This chart represents the comparatUe prothrombin levels of a patient given 
Dicumarol because of a corDnar> thrombosl In addition to the tuo stage and the one stage 
whole plasma methods the results of the one stage 1 5 per cent plasma method are shown 
The readings of tiic two former tests are given In percentage on the left hand ordinate The 
results of the 1 5 per cent plasma method aro given In seconds on the right hand ordinate 
When the prothrombin is low the prothrombin time of tlic 12 5 per cent plasma would be 
ci-pected to remain elevated Neither of the one stage tests is uniform as compared with the 
results of the two stage method 


lu patients on Dicumaiol theiapy the one stage method usually gives a 
figure highei than that of the two stage with oi without the seiuni factor 
In the fiist week of therapj howe\ei this relationship may be altered and 
the one stage gne a lowei figuie than the two stage (Fig 1) In 85 per cent 
of tlic cases in which the unmodified tests weie run m paiallel, the one stage 
on one or moic da>s in the first ten da>s of dicumaiolization gd^e a lower figure 
than the two stage test In 4 2 pei cent tlie late of couvei’sion of prothrombin 
in the two-stage test was mcieased In all othcis it was unchanged 
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CO'VIIIENT 

Piopeily conti oiled Dicumaiol theiapy piovides foi the mainteiidnce of 
a patient ivithm a de&iied pi othi ombin biaeket In this lahoratoiy the two 
stage method has made this possible, wheieas the one-stage method on whole 
or diluted plasma by eompaiison has shown wide vaiiations It is believed 



Fig 3 — This chart shows the relative ^ar!aUons of the Ac-globulin le\els as compared 
with the one stage and t^^o stage piothrombin Aalues during the eailv da>s of Dicumarol 
therapj Note that the two-stage tests modified and unmodified parallel each othei lathei 
closely The unmodified one-stage test earl> shows a le\el well below the two-stage level md 
later is well above the two-stage \alue The Ac-globulm falls in the earh dajs of tlierap\ 
and has returned to normal b^ the end of nineteen da>s Between the tw entj -second and 
twent>-se\enth da>s the patient failed to take dicumarol and the pro thi ombin returned tow aid 
Its oiiginal le\el When this again diopped toward therapeutic le\els the \c-globulin again 
dropped and the one-stage prothi ombin levels again dropped more lapidh than did the two 
stage values There is no unifoim coi relation betwten the \ariations between the modified 
and unmodified prothrombin methods and the Ac-globuIin values The percentage values of 
the modified one stage test are based on the time percentage curve of the unmodified test 


that instances of fatal hemoiihage have occuiied because of eiioneous pio 
thi ombin estimates, and that vaiiation in factois othei than pi othi ombin 
often are lesponsible foi the one-stage lesult This is less often tine of the 
two-stage method The one-stage test is ot value, howevei, as a summation of 
the various clotting factois In instances wheie the two stage leading is 
below 10 pei cent of noimal, and the one stage lesult is above 10 pei cent, 
bleeding is not likely 'When both aie below 10 pei cent, bleeding may be im 
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minent As long as the prothiombm level is above 1 per cent according to the 
two stage test, the patient is ne\er fai below his bleeding tbieshold and bleed 
uig may be controlled lij proper measuies 

Fahej , Oh\ in, and ’Ware" found a drop in the Ac globulin in the plasma 
of dogs duiin,„ the fiist ten to fouiteen days of dieumarobzation This was 
followed by an eleiation aboie the noimal, and then a leturu to normal le\els 
during sulisequent theiapy The same authors,” studying human patients 
found a drop in this faetoi duiing the early phases of dioumaiolizatiou and a 
letuin to normal aftei three weeks The leason for this fall in Ac glohulm 
during the eaily stages of dieumarolization is not deal If the factor is in 
timately associated witli the piotlirombiii molecule, it might be espectcd to 
remain at a low lead throughout Dienmarol theiapy Regardless of evtiemely 
low prothrombin levels, how e\ ei aftei the fiist thi ee w eeks m all cases studied 
the Ac globubn remained within normal langes Of practical consideration is 
the possibility that it might be a factor in hemoiihage if the prothrombin is 
early i educed to a low level 

Hum, Baikei, and Hann'” found that early m the dieumarolization of pa 
tients the one stage method always showed a lower figuie than did the two 
stage, and suggested that this would seem to indicate a deci eased rate of con 
veision of prothiombm to thiombm Owen and BoIIman,’' usmg dogs, found 
that when the one stage yielded lower results than the two stage, the comer 
Sion of prothrombm was delayed When the tests agreed, the com ersiou rate 
was normal, and when the one stage gave a higher lesult, conversion rates 
w ere accelerated above normal They suggested that the discrepancy hetw een 
the one and two stage tests appears to reside m a com ersion factor 

The diop m Ac globulm duimg the early stages of dicumai olization w ould 
support this premise The Ac globubn remains depressed, howe\ er, longer 
than the one stage lei el remains below the two stage It might be expected 
that the addition of serum rich in Ac globulin to human plasma would ma 
terially lessen the difference between the icsults of the one stage and two 
stage tests In this study such was not the case Furthermore, in this lab 
oratory in most cases there was no change m the rate of conversion of pro 
thronibm to thrombin when the one stage test gai e a i esult lower than that 
of the two stage It is possible that other factors in the beef serum or human 
plasma may influence the actiiity of prothiomliin It is also possible that 
Dicumarol may mfluenee factors othci than prothrombin and Ac globulin 
The problem will require furthei study 

SUMMAKi 

1 The tw 0 stage prothrombin detcrmmation pro\ ides for a more accurate 
and a safei control of prothrombm during Dicmiiarol therapy than does the 
one sta^e method 

2 The out stage method is of aalue, howeier m estimating the sumnia 
tioii of the larious clotting factors A reading of below 10 pei cent by the 
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two-stage test does not necessarily mean that hemoixhage is imminent, pai- 
ticulaily if the one-stage gives a leading of above 10 per cent 

3 In seven patients studied Ciom the beg lining of theiapy, the Ac-glohu- 
lin values fell duiing the eaily dajs of dieumaiolization and returned toward 
normal by the end of twenty one days In patients who had been on theiapy 
ovei longer periods of time, some as long as eighteen months, there was no 
material » aiiation from the noimal 

4 The addition of beef serum in small amounts to both the one- and two- 
stage tests raises the values obtained for piothiombin Variations between 
the modified (with seium added) and unmodified (without serum added) 
methods do not follow fluctuations in the Ae-globidin values as obtained in this 
study Neither do the fluctuations between the one stage and two-stage tests 
These findings would suggest that othei factois in addition to Ae-globulm 
are responsible foi the dispaiity between the one-stage and two-stage methods 
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THE CAUSES FOE REJECTIONS OF BLOOD DONORS 

A Stvtisiicvl, Study 

Cecil M Zuker'm vn, ]M D 
Davenport, Iowa 

T he puipobe of this papei is to piesent a statistical lepoit of the causes 
foi lejections of blood donois Tayloi and Heiss' - in pievious papers 
ha^e presented statistical lepoits coveiiiig the entiie blood donoi service of the 
Ameiiean Red Cross 

It vas felt that a iiioie detailed report from a single large blood donor 
center might be of ralue at this time when blood pioeuiement for civilian use 
is being under taken ’ « 

The blood donor lequiiements used in this study rveie those set forth in 
the Teelurical Manual bv the Technical Director of the American Red Cross 
Blood Donor Service " 

This report covers a ser enteeii-month period from Janrraij^, 1944, through 
May, 1945, on donois who reported to the fixed center and the mobile unit of 
the American Red Cross Blood Donor Center ot Chicago Included in tins 
report are causes for rejections whether peiinauent or teniiioiaij During this 
period our percentage ot repeat donoi’s caned between 48 per cent and 62 per 
cent The data presented no doubt include some duplications due to the fact 
that each time a donor registered a new' niunbei was assigned tliat donor 

A biiet histoic and a pieliminai> examination wms made on eaeli donor 
prior to acceptance or rejection to rule out anj acute intection or serious chronic 
illness 

A brief explanation of each donor leciuiiement is presented 
A Age No donor was accejrtable w'ho was ocei 60 or under IS years of 
age 

B Minors A minor w'as not acceptable unless he had a standard form 
signed by parent or legal guaiclian 

C Under w'eight The minimum weight for a donor was 110 pounds 
D Anenua This term was used to classify those donois wdio did not meet 
our hemoglobin lequiieinent be our methods and our technique In tins cate- 
gon tell the highest numbei ot rejections — 49 84 per cent ot all rejections 
From Januaic, 1944, until Mav, 1945, the Tallciuist method toi hemoglobin 
determination was used and a lecel ot 80 pei cent was necessaic tor acceptance 
From ilaj, 1945, on, the copper sultate iiietlrod** w'as used and rt wms rrecessary 
to have a le\el of approxrmately 12 3 Gnr to be acceptable 

E Hjpertension Tlie upper limit ot the systolic pressure was 200 and 
the rrpper limrt of drastolrc wms 110 

F Hcpotension No donor was acceptable whose systolrc pressure w'as 
below' 100 

Data for this studj were obtained from the American Red Cross Blood Donor Center 
Chicago 111 

Received for publication Feb 18 1949 
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G rjtti foods Doiiora Beie lefiisetl oi postponed who ga\e i lustoij of 
iiaviiio a fatt} mea! tluee to foui hours piioi to donation Tins was done to 
aioid hpemn and tfieit also was noted a tcmlcnei of leactions with gastio 
latcstuial complications m tlonoi's w ho had c itcii a he ii j meal 

H Heait late o\ei 100 oi \mdei 60 (lejected) If any lUCoUlatitv of 
pulse ocouiied the doiioi was eheckcd b\ the phssician m attendaiiee and ac 
eeptcd 01 lejectcd aceoidmg to his judgment 
I Tempeidture osei 99 5 was not acctptahlc 

J Venepuiietuie in past eight weeks Donois weie allowed to donate 
cien eight weelcs and wen allowed flee donitions in a twelve month peiiod 
IC Cold in past week ISo donor with cold was acceptable to pi event false 
positive seiologic leaction oi tniisimssion of disease in blood 

Ij Othei leeeiit illness oi niajoi siirgciv Bonois vveie lejected who had 
had pneumonia vellow level dengue oi virus iiiftctions duiiiig the post sm 
months A donot was postponed until sis months after majoi suigeiv Jlmoi 
suigeiv — ^judgment of the plnsieiaii m attendance 

il Diibctes aVnvone giving a histoiv of diiheles vns not acceptable even 
though the disease vias oontioUed at that time 

N Histoi} of skull fiactuies oi scvcie head iiijui} with subseciueiit syiiip 
toms These donois weie lejected then seemed an iiicicased tondenev towaid 
svneopo 111 this gioup of donors 

0 Psjehosis and psyehoueurosis 

P Othei chiomo illness Slalta fevei maiked aiteiioscleiosis histoij of 
liver disease chrome lenal disease ccrebial oi coioiiaiy tluomhosis weio cause 
foi rejection 

Q Geiicial phvsieal delnlitv Gciitiil appcaiiince of the donoi as he ap 
pcared to the phvsician in attendance Even though ho mot the imnimum 
leqmrenients the donor was lejeelcd if deemed a poor iisk” bv tho pin sieiaii 
in attendance 

E Piegnancy oi chiidbiith No picgiiant women weie accepted or those 
who had delivered within the past nine months No donoi was accepted who 
had misc lined vv ithin the piecediiit, six mouths 

S Alalaiia Anj donoi who had had malaria ui the past fifteen jeais was 
not acceptable 

T Infectious oi ludeteiiiiinate jaundice oi contact with one with jaundice 
\iij donor who had jaundice within the past six months was disqualified Each 
donor was asked whethei anj member ot the immediate familv had had jaundice 
witlun the past six mouths A donoi with contact was judged foi acceptance 
onlv if It was obvious that the jaundice was not of the infectious tvpe A donoi 
with jaiindiee in the immediate fiimdj was accepted oiiij if thoie had been no 
contact Tajloi and Heiss“ in then icpoit found that m questioning thiee 
million donors 325 give a histojj of jaundice in tlic past six months Gloss 
man and eo woikeis' piescnt data which seem to indicate that a causative 
agent foi liepatitis was being transmitted to patients thiough tho medium of 
blood plasma and whole blood tiansfusion 
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Tvble I 



MEN 

1 M OMEN 1 

TOTAL 

Number of donors 

158,858 


375,768 

Number rejected 

15,865 

63,876 

79,741 

Per cent of rejections 

9 98 

29 44 

21 22 


Table II 


CODE 

1 MEN 

1 W OMEN 


^u■\r 

BER RE 

JECTED 

NUMERICAI 
SEQUENCE 
OF CAUSE 
Qt 1 L 
JECTIONS 


Nuxr 

BEK RE 

JECTED 

1 NUMERIC V] 
SEQUENCE 
OF CVUSE 
OP PE 

JECTIOVS 

PER 

CENT 

RE 

JECTED 

1 TOTAL 

4. Ages over bO, under 18 

155 

13 

98 

87 

19 

14 

242 

B Age IS 21 Xo A^ntteu 
permission 

141 

14 

89 

b23 

11 

98 

764 

C Underweight 

49b 

10 

1 13 

4,48fa 

2 

7 02 

4,982 

D Anemia 

1,S9> 


11 93 

38,005 

1 

59 50 

39,897 

E Hypertension 

l,b47 


10 38 

2,420 

6 

3 79 

msm 

P Hjpotension 

477 

11 

3 01 

3,698 

4 

5 79 

4,175 

G Patty foods 

94 

18 

59 


16 

30 

287 

H Pulse rate over 100 or 
under 60 


5 

9 20 



6 17 

5,404 

I Temperature over 99 5 

497 

9 

3 13 

2 184 


■eg 

2,681 

J Venepuncture m past 

8 weeks 

115 

15 

72 

59 

22 

09 

174 

K. Cold in past week 

4,197 

1 

26 46 


5 

4 81 


L Other recent acute ill 
nesses or nia 30 r 
surgery 

1,031 

b 

6 50 

■ 

9 

1 55 

2,019 

M History of diabetes 

64 

20 

40 

51 

23 

08 

115 

N History of skull frac 
ture or severe head 
injurj and subse 
quent symptoms 

■ 

22 

30 

28 

24 

04 

75 

0 Ps>choses and Psycho 
neurosis 

48 

21 

30 

64 

21 

10 

112 

P Other chronic illnesses 

1,511 

4 


1,261 

8 

197 


Q General physical de 
bibty 

104 

! 16 

66 

200 

15 

31 


R Pregnancv or childbirth 
within last 9 mo 

m 


!■ 

395 

13 

62 

395 

b Malaria 


12 

■m3 

127 

17 

20 

384 

T Infectious and indeter 
minate jaundice or 
contact with jaun 
dice 

10 

24 

06 

10 

26 

02 

20 

U Historj of frequent 
vertigo, sjmcope, 
convulsions 

73 

19 


387 

14 

61 

460 

V Donor refused vene 
puncture 

10 

24 


18 

25 

03 

28 

Valvular heart disease 

590 

8 

3 71 


12 

86 

1,142 

N History of anemia 

22 

23 

14 


18 

16 

125 

Y Historv of tuberculosis 

98 

17 

62 

82 


13 

180 

Z Other causes for re 
jections miscel 
laueous 

829 

7 

5 23 

838 

10 

1 31 

1,667 
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U History of frequent attacks of veitigo, sviicope, or convulsions was 
cause for rejection 

V Donor refused venepuncture Occasional donors would change then 
minds about donation aftei thej entered the bleeding room 

W Any donor who gave historv of valvular heart disease was cheeked 
bv the phjsician in charge Each donor was questioned about shortness of 
breath, swelUng of feet oi ankles persistent cough and pain in chest, final 
decision was made by physician in charge 

X History of anemia If at ad suspicious, donoi was rejected 
y History of pulmonarj tuberculosis (icjected) Questions regarding 
extiapulmonan tuberculosis were rcfeircd to the phjsician m charge and each 
case was decided on the extent of lesion and time elapsed since its occurrence 
Z Other causes for rejections 

(a) Eabies treatment uithia last five years 

(b) Chronic sinusitis or hay fever iii acute stages 

(c) Donors who had had extensive or prolonged sulfa therapj 

(d) Severe oi septic sore tliioat in preceding three months 

(e) Vaccinations for smallpox or othei immunizations recentlj Smallpox 
may produce false positive seiology 

(f) Army flight personnel were not acceptable donors 

(g) Pilariasis 

In Table I is presented the total numbei of donors registered and rejected 
In Table II are presented the causes for the pieceding rejections 

SUMUART 

1 In our report covering a peiiod of seventeen mouths of operation at the 
Chicago Blood Donor Center 375 768 donors reported to the fixed center and 
mobile units 

2 This group was represented by 158 858 men (■12 27 per cent) and 
216,910 women (57 73 per cent) 

3 The rejection or postponement rate was 9 98 per cent in men and 29 H 
per cent in women 

1 The greatest causes foi rejections foi anj single condition were lecent 
colds in men and anemia in women 

5 It is hoped that this study will be of value in the future piocurcnient 
of blood donors 
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DISTRIBUTION OP EMETINE IN TISSUES 

Leo G P\bmer, jM D , Ph D and Christy W Cottrill, B S 
AVashingion, D C 

T he alkaloid emetine is obtained fioni ipecac oi piepaied syntheticallc by 
niethvlation ot cephaelhue Ipecac has been used in the theiapy of diaiiheas 
Poi moie than 300 yeais and its alkaloids cveie investigated nioie than 100 yeais 
ago The specific usefulness of ipecac in amebic dysenteij'^ was disclosed only 
aftei the discoieiy in 1875 that Endamoeba litstolijtica was the causative oigan- 
ism oi this disease Veddei^ in 1912 demonstiated that high dilutions of emetine 
weie capable ot killing E histolytica It lemained foi Rogeis” soon theieaftei 
to piove the calue ot paienteial emetine iii]ections in the tieatmeut of amebiasis 
111 1920 Mattel’ in Fiance lepoited, mthout disclosing his method of 
analysis, that emetine appealed in the iiiiiie within twenty minutes aftei in- 
jection and the excietioii lasted ioi iiom five to nine weeks Despite the fact 
that theie aie numeious papal's dealing with the phaimacologj’^ and tovieity of 
emetine, no papeis dealing ivitli clistiibution of the alkaloid in animal tissues 
aie lepoited It is the puipose of this papei to pieseiit the data on the dis 
tiibutioii of emetine in tissues ot labbits 

experimental 

Method — EwU of fifty beven. albino rabbits \seigluiig about 2 5 kilogi \nis was mjeoted 
intiamubcularlj with 6 mg pei kilogiam ot emetine hydrochloride in aqueous volution 
(Higliei doses fiequently lesulted in the death of the animals ) The animals were Sdcnficed, 
in groups of three at inters als larying from one half lioui to si\tv four days after injection, 
as shown in Table I The following organs weie analyzed foi emetine brain, leg muscle, 
heait, mesenteric lyaiiph node, li\er, spleen, kidney, lung, and a portion of laige intestine 
freed of feces The organs of si\ noniujected rabbits were analyzed to deteimine the range 
of the blank deteiniination Those lesults which fell within the blank range were considered 
as zero 

determination of Emetine method used in this study was adapted with some 
modifications from the general method of Biodie and co woikers^ for the determination of 
organic bases in biologic material by salt foimation with methyl orange It depends upon 
the e\ti ictioii of emetine from an alkaline medium by benzene, combining the base with 
methyl orange, extracting with acid the methyl orange salt foimed, and measunng photo 
metrically the amount of coloi due to the salt 

Reagents — 1 Standard solution of emetine — ^20 mg per 100 cubic centimeters 
Twenty milligrams of emetine hy di oehloride are dissoUed in 100 ce 0 OIN HCl This sola 
tion is stored in a refiigeratoi and keeps for weeks 
2 Metaphosphoric acid 6 5 per cent 
3 Saturated solution of sodium hy dioxide 
4 Benzene A reagent giade is redistilled 
5 Tsoamyl alcohol A reagent grade is redistilled 

6 Jlethyl orange solution Prepared accordmg to Biodie and associates < 

From the Pharmacolosrv Section Armj Medical Department Research and Graduate 
School The assistance of M/Sgt Ivoiman Gorin is gratefully acknowledged 
Received for publication Feb 7 1949 

•Present addiess U S Food and Drug Administration 201 X'^arick St New York N I 
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Table I Rlco\er\ op Emetinl \iTER U)Ditiov of 5 to 0 2 Gm of Tissue 


TISSUE 

1 EMETI>E tOUVD (mO) | 

RECO\ER\ (%) 

Brain 

a 0 

100 

Lung 

49 

98 

Lympli node 

40 

80 

Spleen 

5 1 

102 

I iver 

o G 

112 

Heart 

53 

10b 

Large intestine 

j3 

lOG 

Kidney 

o 1 

102 

Mu cle 

48 

9b 


Procedure — Take a kno\Mi weight of tissue aud grind with 20 vol of G o per cent 
metaphosphonc acid m a \\armg Blendor Grind soft tissue (brain lung, etc) forty live 
seconds and other tis ue (liver kidnej etc ) for one imnute Filter and use 3 to 6 c c of 
filtrate for the determination \dd 3 to 6 c c of filtrate (containing up to 20 /:ig of emetine) 
to a 30 cc gla a stoppered c\lindrical separator) funnel Vdd 1 cc of saturated NaOH 
and shake to neutralize tlie nietapho<»phorie acid and to have an alkaline solution for the 
extraction Add lu c c of benzene and shake for file minutes on a shaking apparatus then 
allow the phases to ‘‘cparatc bj standing forty fi\e minutes to one hour \dd 0 2o c c, of 
isoamyl alcohol and im\ well with only the benzene jiha-e, taking great care not to disturb 
the aqueous phase Draw off the latter and transfer nil of the benzene phase to a “icrew 
capped teat tube to which has been added 0 2d c c of methyl orange Cap and ^^hake in a 
•shaking apparatus for fiie minutes ond then centrifuge at 1 000 rpm for ten minutes 
Transfer 10 c c of the benzene phase to a glass ^itoppered centrifuge tube to which have been 
added 3 cc of 1>> HCI Shake five minutes and then centrifuge for five minutes at 1,000 
rpm. Carefully rcmoie the benzene pha c b\ aspiration Head the acid phase in a Beckman 
spectrophotometer at olO millimicrons 

Recovery — To eaeli 0 2 Gm of 'voiious tissues from two uutieated rabbits 
were added 5 /i' of emetine &i\ cubic centiiiieteis of tissue filtrate containing 
5 lig of emetine weie then anahzcd in duplicate according to the described pro 
ceduie Table I shows the amount of emetine lecoveied These figures indicate 
that the diu^ cm be recoieicd (luantitatn eh fiom all tissues except possibly 
Ijmpli node wheie onh SO pei cent wns lecoceicd 

Tile method was used to determine is low as 0 2 pg m 6 ml of filtiate, this 
being equualent to 1 0 mg of emetine pei Kilogram of tissue Figures below 
that amount weie found to be wnthiii the laiiatioii of the blanks 

KPSUnTS 

The tissue coiicentiatiou of emetine at the canons time mtercals after iii 
Jcction aie shown in Table II Within one half hour the highest concentiations 
of drug weie found in the lung kidiicj, and spleen Tlie licer and heart con 
tamed much less, cvlieieas the intestinal level was lelaticelj cei^j low Enietme 
was found in cei'j low amounts m striated muscle of the leg up to teco hours 
aftei injection Beyond tins time the drug was not detectable Questionable 
tiaces of emetmo weie found in the brain but most of these weie within the limits 
of the blank and weie leeoided as negative 

In most oigans the maMinuni concentration of ding occuired within twelve 
to twentj foui houis aftei iiijeotioii This level peisisted with slight change 
through the second daj and then giaduallj began to decline Bv the fouitli 
daj the concentration in the uiajoi organs was about halt what it was at tlie 
ma\imum Aftei two vveelvs some of the organs were fiee of emetine, hut the 
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spleen, lymph node, and kidney contained significant quantities of drug foi 
as long as four weeks Between six and nine weeks, the spleen, the last organ 
to contain emetine, became free of the diug 


Table II Tissue Conce'itkation op EMEriNE (mg /kg ) After an Intramuscular 
Injection op 6 mg /kg , Concentrations Are Averages op Three 
Rabbits Studied at Each Time Interval 


TIME 

INTERVAL 

MUSCLE 

BRAIN 

HEART 

LUNG 




LARGE 

INTES 

TINE 

LYMPH 

NODE 

i/> hr 

0 

0 

12 4 

46 7 

12 6 

18 7 

Mill 

33 

20 

1 hr 

1 0 

0 

17 2 

60 9 

24 9 

23 9 

Kxl 

55 

60 

2 hr 

10 

0 

10 7 

641 

28 3 

67 9 

60 3 

3 2 

40 

6 hr 

0 

0 


42 6 

314 

70 3 

731 

2 1 

57 

12 hr 

0 

0 


58 8 

41 6 

70 3 

1014 

1 7 

69 

16 hr 

0 

0 


37 0 

41 2 

63 5 

68 7 

2 1 

86 

1 dav 

0 

0 


48 8 

40 5 

66 0 

59 9 

1 7 

92 

2 dajs 

0 

0 

39 

38 2 

315 

56 6 

65 7 

2 2 

12 3 

3 days 

0 

0 

26 

30 3 

19 2 

45 2 

37 1 

17 

10 7 

4 days 

0 

0 

18 

29 9 

15 4 

44 8 

45 6 

1 2 

92 

6 days 

0 

0 


15 9 

10 3 

36 4 

46 7 

0 

94 

10 dajs 

0 

0 


75 

4 9 

14 7 

22 5 

0 

61 

13 days 

0 

0 

0 

32 


11 5 

141 

0 

38 

20 days 

0 

0 

0 

0 


86 

44 

0 

2 7 

21 days 

0 

0 

0 

0 

1 0 

3 3 

48 

0 

19 

28 days 

0 

0 

0 

0 

1 0 

2 2 

1 6 

0 

20 

35 days 

0 

0 

0 

0 

0 

2 2 

0 

0 

0 

42 days 

0 

0 

0 

0 

0 

14 

0 

0 

0 

64 days 

0 

0 

0 

0 

0 

0 

0 

0 

0 


DISCUSSION 

In a prelunmaiy lepoit-* it was suggested that the difference in efficacy of 
emetme in mtestmal and hepatic amebiasis was due to the difference in con- 
eentiation of drug in the intestine and livei A high, sustained level in the livei 
piobably accounts for a high peicentage of cures in hepatic disease, whereas the 
low, transient level m the large intestine could accoimt for the frequent relapses 
of dysentery in eases where emetine alone is used With similar reasoning, it 
appeal’s that amebic biam abscess would not respond to paienterally adminis- 
tered emetine because the drug does not enter the brain in significant amounts 
The most disastrous effects of emetme in man are due to its cardiac effects 
Soon after injection in rabbits, the heart muscle level of the drug is moderately 
high as compared with other organs By six hours this diops to a relatively 
low level at which it lemains until disappearance about ten days later In man 
where the drug is given in divided daily doses, electrocardiographic changes 
after emetme therapy usually occui several days after treatment has begun ® 
These repeated doses aie presumably additive insofar as cardiac concentration 
of drug IS concerned By the fifth or sixth daj there is sufficient drug and also 
sufficient time elapsed for the drug to act on the muscle and elect! ocardio- 
graphic changes become evident It would not be safe to repeat a course of 
therapy with emetme imtil complete excretion of tlie diug from the heart had 
occurred and also after a lapse of sufficient time for the damage to the heart to 
be repaired Piom human studies, this is probably about two months ® 

Very little is known about the mechanism of action of emetme in amebiasis 
It IS considered a general protoplasmic poison However, m high dilutions it is 
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ouly effective agamst the motile tiopliozoite form of C histolytica and not against 
the encysted foim In the pieseiit expeiinieiits it was shoivn that the highest 
coucentiations of din^ Mcie found m the luei spleen, kidney, and lung, al 
though ni man fen oi no to\ie signs and symptoms fioin emetine can be i elated 
to these oigaiis us slioun In klatskni and Piiediiiaii “ In faet, they noted that 
some patients iiith hepatic amebiasis had abnoimii inei function studies and 
that these abnoiraalities actually ictuiiicd to noimal under the influence of 
einetme The lowest eoiiecntiatioiis of diiig m the labbits yveie found ui cardiac 
muscle, striated mtiscle, and intestunl muscle Yet, despite the low concentra 
tiou of diug in the heart, muscles and intestine, almost aU to\ic symptoms in 
man* and animals* are associated ivith these oigans In other woids, only those 
organs having contractility as then most important function aie affected ad 
leisely even though the coneeiitiatioii of drug in these organs is not uiordinately 
liigli On this basis, it is postulated that emetine mtei feres in some way ivith 
the chemical function of the cell (pcihaps an enzyme system), yvhioh conierts 
giycoocn into contiactile energy 


SVUUAR\ 

The tissue distiibution of emetine in labbits after a single injection has 
been determined The drug is found m highest concentration in the lung, 
kidney, spleen, and livei Tlie concentiation in the heait and lymph nodes is 
mtermediate and that ui the large intestine and stiiatcd muscle is very loiv 
The drug persists foi as long as foui to sis. yveeks in some organs Sigmfloant 
amounts of the drug yvere not detectable in the biain, indicating that parenteral 
emetine would piobably be ineffectiyc thcinpy in amebic brain abscess 

On the basis of the finding that emetine is most toxic for the yarious mus 
eular organs despite the low concentiation of diug m these organs, it is postu 
lated that emetine interferes yvith a biochemical function of those cells having 
contractility as their mam function 
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A SPECTROPHOTOMETRIC METHOD FOR DETERMINATION 
OP PROCAINE AND p-AMINOBENZOIC ACID 

Kr A.^Cx S Ting, M S , M D , Julius M Coox, M D , Ph D , and 
Alvin C Conwav, M S 
Chicago, III 

S INCE pioeaine is used widely m cluneal medicine, a good method foi the 
quantitative estimation of this ding is desiiable Acidimetiic,^ ^ lodometiic,® 
meicuiimetiie,' biomonietiic,* and giavimetiic" methods have been pio- 
posed m the past Vanillin,** *' sodium cupiibiomide,** ** thymol,^* and 
pjuidine'* have been used foi the detection ot piocaine It also has been 
analyzed by the use of its absoiption spectium -* A spectiophotoinetiic 
method of deteiniination of pioeaine in piocaine penicillin G at the nave 
length of 290 m/x nas leeenth lepoitecP- Aftei the piesent woik was com- 
pleted, a spectiophotometiie method foi piocaine and its hydiolytic pioducts 
was described by Biodie and co-i\oikeis“ 

The most useful methods, howevei, depend on the foimation of a colored 
compound aftei pioeaine is diazotized In 1939 Biattou and MaishalP* 
lepoited that N-( 1-naphthyl) ethylene diamuie dihydiochloiide was the most 
suitable coupling leagent foi sulfanilamide deteimniations Since tlien this 
method has been adopted extensively foi the estimation of local anesthetics 
of the 2 i-arainobenzoie acid estei tj pe 

Because procaine and one of its decomposition pioducts, p-aminobenzoic 
acid, giie use to similai colois m this couping leaction, it is necessaiy to diffei 
entiate these tivo compounds in the presence of one another Ethei,^* 
chloiofoim,^* and isopropyl alcohol-*® have been used to separate the two These 
pioeediiies lequiied repeated exti actions and seiiarations, latei followed by the 
development oi the color for pioeaine and foi p-aimiiobenzoic acid sepaiateh 
Hence the pioceduies Aveie very complicated 

Legge and Dune*" separated the piocaine and p-aminobenzoie acid after 
the color was formed by nieaiis of hydiochloiic acid Howevei, these workers 
did not describe the sensitnitj and accuracy of then method Hazaid and 
Raiasse*® separated the two azo dyes by means of ethei m the presence of 
alkali, but they did not measuie quantitatii ely the piocaine itself 

The present study has involved the development of a modification of the 
foregoing methods m order to ha\e an accurate and sensitive procedure foi the 
determination of piocaine and 2 i-nminobenzoic acid in the presence of each 
othei in blood The piocednie is simpler than any of the metliods pievionsly 
described 

Prom the Departments of Pharmacology and Surgerj of the University of Chicago 
This investigation was conducted under a grant from the Office of Naval Research NC 
ori-20 task order 11 
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Principle — Blood protem prtcimtitcd bj tncbloroacetic acid The supernatant 
clear fluid xs diazotizcd Ammonium Bulfamnte is used to destroy the excess nitrous aexd 
Tile color is developed by coupling with Jm (I naphthyl) ctliylene diamxno dihydrochloride 




<_ 

_> 
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1 

ill 


NH— CHj— CH,— NHi 
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C=U 
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N(C.H ). 

N(c,n.), 

nci 

HCl 

HCl 


Procaine 

Hydrochloride 


Procaine Azo Dyo 




HCl 


Vcid 


p Ammobenzoic Acid Azo Dye 


'llien tlic solution is tieateJ with chloroform and alkali The color intensity is mtasuitl 
in the Coleman Model OA Junior spectrophotometer, using adapter ib-lOS and curette 
#G-310B 

Tho orange-red color remaining in the aqueous phase reprt^cats the p ammobenzoic 
acid azo dye, uhicli shows maximum ah orption at the wave length of 500 ni^i using water 
for zero setting The yellowish orange color m the chloroform represents tho procaine nzo 
dye, which shows maximum ab orption at the wave leDjjth of 4S5 ni^t using chlorofonn for 
zero setting The optical density curves of these two products are shown as cuno 1 and curve 
S m Fig 1 

Peagents — 

lo per cent trichloroacetic acid 
0 1 per cent sodium nitrite 
0 5 per cent ammonium sulfamatc 

0 1 per cent Is (1 naphthyl) ethyleno diamine diUydroLhlonde 
Chloroform 

sodium hydroxide 

Procedure —Pipette 0 ^ ml of oxalated blood into 3 0 ml of water, and let stand for 
three minutes \.dd 1 0 nd of lo jier cent trichloroacetic acid and let stand for flve 
nimutes Centrifuge at 1 500 rpm for five minutes. Pipette 3 0 ml of the supernatant 
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clear solution into a Maizel Gerson reaction tube Add 0 2 ml of 0 1 per cent sodium 
nitrite, and let stand for three minutes Add 0 2 ml of 0 5 per cent ammonium sulfamate, 
and let stand for tuo minutes Add 0 2 ml of 0 1 pei cent N (1 naphthyl) ethylene 
diamine dihydrochlonde, and let stand for ten minutes Add 3 0 ml of chloroform, and 
shake for half a minute Then add 0 8 ml of 12N sodium hydroxide Shake vigorouslj 
for two minutes The solution should be well mixed after each addition of reagent 

Pipette out about 2 ml of the aqueous solution for spectrophotometric determination 
of p aminobenzoic acid at the n ave length of 500 m/i usmg water for zero setting Pipette 
out about 2 ml of the chlorofoim solution for spectrophotometric determination of pro 
came at the naie length of 483 mp. usmg chloroform for zero setting Keagent blanks 
should be used m each series of deteimmations 

Effect of Order of Reagents — The shaking with chloroform before the addition of 
alkali IS important If the clilorofonu is added after the alkali, the extraction of ptoeainc 
azo dye will be incomplete and a part of the dye mil remain m the aqueous solution Por 
instance, a sample containing 30 Mg of procaine hydrochloride and 30 Mg of p aminobenzoic 
acid was analyzed according to the piocedure except that the sodium hydroxide was added 
ten minutes after N (1 naphthyl) ethylene diamine dihydrochlonde, then chloroform was 
added The speetrophotometno reading of the chloroform solution gave an optical density 
of 0 271, which corresponded to about 21 Mg of procaine hydrochloride Therefore the extrae 
tion was only two thirds complete The spectrophotometric reading of the aqueous solution 
gai e an optical density of 0 587, corresponding to about 3G Mg of p aminobenzoic acid 
This phenomenon may be explained by me ins of polarity Wlien the procaine azo 
dye solution is first shaken with chloroform, the ester portion of tlie dye molecule goes into 

the chloroform phase while the — N HCl part remains in the aqueous phase The subsequent 

addition of alkali neutralizes the HCl, freeing the ammo group Hence the whole molecule 
of the procaine azo dye goes into the chloroform On the other hand, if the alkali is first 
added prior to the chloroform, the ester group may be hydrolyzed in the follow mg manner 


N=N- 


<' 

< 


/\ 


NH— C H,— NH 
HCl HCl 



H,— NH 




A=o 

A 

A,h, 

A(CH=) 

HCl 


NaOH 


A 


Na 


OH 

+ AaH. 

i7(C,H,), 


This sodium salt thus produced is less soluble in chloroform 

Effect of Amowit of Allah — The amount of alkali added is important in the deter 
mination of p-aminobenzoic acid The sodium hydroxide solution was tested in volumes of 
0 2, 0 4, 0 5, 0 7, 0 8, and 1 0 milliliter It was found that 0 8 ml of sodium hydroxide gave 
the best result The amount of alkali is, however, not so important in the determination 
of procaine The same results were obtained using 0 2 ml and 0 8 ml of sodium hydroxide 
Stability of Color — The coloi of the procaine azo dye is remarkably stable There was 
no sigmficant fading of the color even after the chlorofoim solution was stored in the 
refrigerator for eight weeks The color of the p aniinohenzoic acid azo dye is much less 
stable About 25 per cent of the color lntenslt^ of the latter dve will fade in four hours, 
and this color wall bleach out ilmost completely after one day Hor this reason, the 
measurement of the p aminobenzoic acid should be earned out as qmckly as possible 
Prevention of in Vitro Bydiolysts of Procaine in Blood — Since blood contains pro 
tame esterase, lugliest m the human being,3J the procaine disappears rapidly from a drawn 
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sample of oxalated "blood ^beu sodium fiuondc (about 4 mg per TnilUliter) was added to 
the blood sample or if tbo blood sample aaa kept lu icc the hjdrojlais waa greatly retarded* 
When combined fluondo aad low temp».raturo were used jmmediatelj after the blood was 
drawn, tbo procamo bjdrojlsia was completely mlubited, as shovm. lu Table I 



Fig 1 — Spectropliotometrlc absorption cur>es Curie 1 p amlnobenzoic acid aao dje In 
aqueous phase curve * procaine axo d>e In chloroform cur\e 3 sulfanilamide axo dje in, 
aqueous phase 


TADLS I HYD&OLySIS OT PPOCAISE ADDED TO FrXSU HUM\N BLOOD 



j MO rrOCAlNE j 
1 AT zero TIME 1 

MG ?K0LA1SE I 
AFTER 1 nil 1 

PER CENT 

LOSS 

Oxalated blood {25 C ) 




Oxalated blood (0 5 C ) 




Omlated blood + NaP (25 C ) 




Oxalated blood 4- NaF (0 o C ) 





Results of .Anttli/sis — Diffcient amounts ot piocaine h'vdiocliioride ^\e^e 
added to 0 2 ml of fiesh o\alatcd dog or human blood to >\hioh sodium fluoride 
'vas added 4 mg pci miUiUter, and the tubes were kept in ice Analysis for 
procame nas done aecordiUp, to the foregoing procedure and the results were 
obtained as illustrated bv line 1 m Fig 2 When diffeient amounts of 
P aminobenzoic acid neie added to the blood and analyzed, the plotted lesults 
gave line B in Fig 2 When the blood was added to different amounts of 
procaine hydioihloiide contaiiung 50 fig of p aminobenzoic acid in each 
sample, the results of the analysis for procame still gave line t When the 
blood was added to different amounts of p aimnobenzoic acid containing 50 fig 
of piocaine hydiochloride m each sample and analyzed the results of the 
analy sis foi p aminobenzoic acid still gave line B The deviation of individual 
determinations fiom the line for piocaine nas usually less than that for 
p aminobenzoic acid 

Six 0 2 ml samples of human blood each containing 50 of procame 
hydroehloiide and \arious amounts of p amiiiobeuzoie acid m each were 
analyzed The bpectiophotometnc leadings of the chloroform solution for the 
doteimiiidtion of piocaine are shown in Table 11 
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Tvble n Determination op Pkocvine in the Ppespnce of p Aminobenaoic Acid 


PFOCUNEHCl ] 

(/^o) 1 

P VMINOBENZOIC U ID 
(mC) 

! 

1 OPTIC VL DENSn\ 

50 

0 


oO 

5 


50 

10 


50 

20 

0 01 

50 

30 

0 62 

50 

50 

0 61 

Mem 0 01 



r 


G PROCAINE OR p-AMINO- 
BENZOIC ACID 


Fig 2 — Results, of determination of procaine and p aminobenzoic acid under conditions described 

in te\t 


Six 0 2 ml samples oi liuraau blood each contamuig 50 pg of p-ammobenzoic 
acid and vaiious amounts of piocaiiie hydiocliloiide were analyzed The 
spectiophotometiic leadings of the aqueous solution foi the determination of 
p amuiobenzoic acid aie shown' m Table III 


TtBLE in DElERillN tllON Oi P AMINOBENZOIC AClD IN THE PRESENCE Oi PROCAINE 


P ^'\a^OBE^ZOIC \CID 

(mg) 

PROC UNP HCl 

(mg) 

OPTIC tL DENSITY 

50 

b 

0 71 

50 

5 

0 70 

50 

10 

0 69 

50 

25 

0 71 

50 

50 

0 70 

50 

50 

0 71 

Mean 0 70 


Dete) minatwn of Sulfanilamide — ^According to this method, sulfanilamide 
foimed an azo dve which lemamed in the aqueous solution and gave a maximuni 
absorption at the wave length of 500 ni/t as short n by curve 3 in Fig 1 Sulfo 
nilamide, m the absence of p-duiinobenzoic acid, could be deteimined bv this 
method in a mannei similai to that employed foi 2 i-aminobenzoic acid Since 
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hjdioljsis o£ sulfanilamide does not occui m blood, sodium fluoiide and low 
temperature are not nccessaiy The lesult of analysis Mas quite similai to 
that of p aminobenzoic acid 

DISCUSSION 

Blood samples containing less than 2 5 pg of piocaine hjdiocliloiade p 
aminoheiuoic acid, or sulfanilamide in 0 2 ml will gi\e a leading below 
optical density 0 05, wliieli leprescnts more than 10 per cent effectiie eiroi 



p-AMINOBEHZOIC ACID OH 
PROCAINE IN MICROGRAMS 

Fig 3 —Dlas.ram of calculation by Internal standard 

of the instiuinent used (Coleman Model 6A Junior spectrophotometer) Samples 
containing moie than 5 to 7 /xg i\iU give an optical density above 010, which 
lepresents less than 5 per cent instrument error The effective instrument 
erroi in the range of optical density between 0 30 and 0 70 is below 2 pei cent 
A reagent blanlv might be used foi zcio setting However, this was less con 
stant than when watei or chloroform was used The reagent blank usually 
ga've an optical density below 0 010 If the optical density becomes too high 
(e g , the coupling reagent solution turns to a pinkish color) the reagents 
should be changed 

Citrate was tested as an anticoagulant instead of oxalate and was found 
to gue similar results The coupling reagent N (1 naphthyl) ethjlene diamine 
dihydioclilonde, should he stored in the lefiigeiator and must be colorless 
when used 

Sulfanilamide as predicted from the closer similarity of its chemical 
stiuctuie to p aminobenzoic acid than to piocame interfeies with the deter 
nunation of p aminobenzoic acid but not with that of procaine 

Blood samples of the mouse rat dog and mm were analyzed with satis 
fictoi} results This method is also applicable to anj kmd of biological 
materials A specific lefcrencc line should be piepaicd in each case 
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For each, series of deteimmations, a zefeience line should be made fiom 
the blank and fiom the blank with a known amount of standaid added If a 
reference hne is not available, a simple calculation of results based on the 
prmciple of “internal standaid” may be used Tins can he done in the 
following manner Divide the sample into two equal paits, pait A and pait 
B To part B add a suitable amount, M, (Pig 3) of procaine hydrochloiide 
and p-aminobenzoie aeid Then perfoini the analysis of these two paits 
sepal ately aceoiding to the method outlined Let the spectiophotometrie 
leadings be Ra and Rb foi pait A and pait B respectively Locate the Ra 
and Rb on the oidinate, and diaw two hoiizontal lines as RaRa' and RbRb' 
Locate M on the abscissa and diaiv a veitical line which mteiseets RbRb' at S 
Now diaw a sloping line passing thioiigh the leageiit blank leading i and 
paiallel to RaS This line intersects RaRa' at U The abscissa of the point U, 
01 OU', lepiesents the amount of procaine hydiocliloride oi p-ammobeuzoic 
acid piesent in the unlmown sample pait A 

SUMMARY 

A simple spectiophotometiic method foi deteimmatiou of piocamc and 
p ammobenzoie acid in blood in the piesence of one anothei is piesented The 
sensitivity is 2 5 mieiogiams 

Pluoiide and low tempeiatnie should be used in vitio to inhibit liydiolysis 
of pioeaine in the blood sample 

Sulfanilamide, in the absence of p ammobenzoie acid, also can be de 
teimined by this method Sulfanilamide interfexes with the deteimmation of 
p-aimnobeuzoic acid but not with that of piocaine 

A simple method of calculation by means of “inteiiial standaid” is de 
seiibed 

We are very grateful to Dr K P DuBoia and Dr H M Livingstone for reading tlie 
nianu»eript 
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THE KEPLER WATER TEST IN TABES DORSALIS 

FForKico Dic/-Eiva&, ]\I D 
Akn Arbor, Mich 

N 1941 Robinson, Powei, and Keplei^ devised the watei test as an aid m the 
diagnosis of Addison’s disease Soon othei unielated conditions iveie found 
to lesult in a positne test Aecoiding to Keplei, Power, and Levy,^ these in- 
cluded chionic nelsons exhaustion, cachexia, hvpeithyioidism, iivei disease, 
pItultal^ insutfieienev, and lenai disease 

The pieseiit lepoit deals with nine patients having tabes doisabs ivho neie 
obseived to give a positne lesult to the watei test Some ol these had symptoms 
suggestive of adienal hvpofunctiou None had any of the conditions pieviously 
lepoited as lesponsible foi a positue test Seven of these patients had a posi- 
ti\e Kahn leaction in the spinal fluid and blood 

Table I sunimaiizes the clinical and laboiatoi} data, ineluding the lesults 
of the vatei test on these nine patients with s'vphilis of the cential neivous 
s\stem Some of these patients had been tieated foi neuiosjphilis ivith peni 
cillin and feiei theiapi Neuiological findings weie minimal in a feiv instances 
(Patients 1, 7, and 8) All the nine patients weie found to have oithostatic 
hjpotension The uiine analvses done piioi to the tests weie noimal m all 
the nine cases Cystonietiie studies weie peifoimed in each patient to eliminate 
the possibility of a neuiogenie bladdei Patient 8 with a positive Wilder test 
did have an eailv neurogenic bladdei, but no lesidiial mine could be found by 
eathetexization The state of hvdiation in all the patients was satisfaetoiy by 
clinical obseivations, le, noimal tiugoi of the skin, noimal blood piessuie, 
and noimal daily unne output 

Duiing the peiformaiiee of this test the patients lemained in bed and weie 
obseived eaiefully to insuie piopei ingestion of the calculated volume of watei 
The last ui me specimen was collected by cathetei ization 

RESULTS 

The lesults show that five patients had a positive value foi factoi A, two 
weie boi del line, and one was negative The volumetiic pait of the test was 
positive 111 all patients Theie was a slight iiiciease of the blood uiea nitiogen 
values in five instances Only Patients 5 and 6 had plasma chloiide ion values 
below noimal levels 

Table II shows a eompaiisoii of the individual items in the watei test be- 
tween the noimal individual patients with Addison’s disease (aveiage values 
in twentj-foui untieated eases)’ and patients vvith tabes doisalis (aveiage m 
the nine eases) It is eleai that the vaiiatioii fiom noimal tests was due to an 
abnoimal volumetiic pait (delayed watei diuresis) The aveiage values of the 
plasma and mine chloiide ion and mine mea mtiogen weie within noimal 
limits As pievionslv mentioned, theie was a slight ineiease in the blood uiea 
mtiogen in five out of the nine patients 

tiom the Dei artment of Internal Sledicinc Univeisltj of atichigan 

Becened for publication Feb 2 13-19 
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TvBLL I DcTAILS Ot THE KFPLtT WATEP TEST IK PATIENTS ^^IT^ TaUFS DoPSAUS 
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Table II The Eobesson, Powep, Kepler Watep Test in Kopmal Subjects, in Patients 
With Adrenal Insupficienci, vnd in Patients With Tribes Dorsalis 




ADRENAL 

TABES dorsalis 

ITEM 

XOEHAL person 

(GENERAL DIET) 

INSUPITCIENCy 
(UNTREATED)* 
(GENERAL DIET) 3 

average values 
PRO it 9 PATIENTS 
(GENERAL DIET) 

Night unne volume (nine hour period) 
(cc ) 

200 

300 400 

407 

Largest fractional urine specimen 
(c c per hour) 

400 600 

0 60 100 

171 

Plasma chloride ion (mg %) 

320 350 

228 

332 

Blood urea nitrogen (mg %) 

10 15 

39 

20 

Urme chloride ion (mg %) 

250 350 

560 

306 

Urine urea nitrogen ( mg % ) 

1,600 

1,000 1,200 

1,718 

Factor A = 




CIb Ureac, Largest traction (cc) 

Clnr ^ Ureaa Night volume (c c ) 

25 

24 


•A\erage values obtained bj Cutler Power and Wilder in twenty four untreated patients 
w ith Addison s disease 


DISCUSSION 

The explanation of the abnoimal changes in the test in these patients is 
not clear Theie aie seveial possibilities which will be eonsideied (1) Ab- 
nonml gastromteshml motility In tabes doisalis tlieie maj’’ be episodes of 
pyloiospasm, as nell as mei eased oi deci eased gastiomtestinal activity Pyloro 
spasm 01 deci eased gastiomtestinal motility Mould lesult in gastnc retention 
of the watei ingested foi the performance of the test Consequently, mtestinal 
absorption would be deci eased and natei diuiesis delayed, resulting m a posi- 
tive volumetiic pait of the test (3) Distuiied inneivation (deci eased tone) 
of the renal effeient aiteiioles may leduce the late of glomeiulai filtiation and 
thus pioduce a delayed diuiesis (3) Abnoimal innervation of the adrenals 
or actual syphilitic involvement of these glands is unUkely since nonnal chloride 
ion values weie obtained in six out of the nine cases (£) Impaiied mtestinal 
absorption of iiatei seems nnhkely in the absence of diarihea or dehydration 
Neveitheiess the lates of absorption maj have been deci eased (3) An ab- 
normal disti ihution of ivatei m the body as a cause for delayed diuresis is un- 
likely m new of the piepondeiauce of noimal plasma chloride ion values It is 
kuoMTi that in Addison ’s disease a positive v\ atei test is usuaUj associated mth 
a loM plasma concentiation of chloiide (6) Overactivity of the pituitary 
gland with excessive pioduction of antidimetic Iioinione has been suggested 
in Addison’s disease by Gaunt ■* It has not been determmed, however, that 
this suggestion holds for Addison’s disease oi tabes doisalis (7) Morphologic 
lenal changes with lesultant delay in diuresis seem unlikelv^ m the presence of 
a nonnal mine analysis m all nine patients Of comse, abnoimal variations 
m the hemodj-namics of the kidney may play a lole 

"Whatevei the correct explanation may be for the present findings, it is 
advisable m perfoiming a Kepler water test, to evaluate the individual values 
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necessaij to compute the factoi A fiom the foiinula dcMsed by Keplei, Po^\ei, 
and Levy,^ 


Blood chloride ion (mg %) Urine urea nitrogen (mg %) 

Unne chloride lou (mg %) ^ Blood urea nitrogen, (nig %) ^ 

Largest functional siieciiucn (c c ) 

Night volume (cc) ^ 

befoie accepting the lesults of the test as titl indication of Addison’s disease 
(oi adrenal Inpofunction) 
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ot these injections weie simildi to those of the ciuclei piepaiations (Table I) 
The hematoent lose to appioMinately the same level but letiuned to noinml 
levels in a shoitci jieiKul ot time 

T\BLE I V CoMPVlISOS 01 riic Entcfa Ol Cl UDl Hi VLUt OMDASE (3,000 UMTS PFP 

Mf X; \\D PiHiFiFi) Hi vn itoMi) csi (30,000 u'hts pep iio N,) os the 
Hem not PIT of piif Aibiso Bn 


7, Olio 1 ^ns Hill. 
{ !,000 i /M< s ) 


SLJIBEl 
OF HITS 


MFA\ 

IlEMATOeitIT 



53 

2±49 

63 

2t 2 2 

6! 

2 + 47 

5b 

4+34 

51 

4± J 6 

45 

0±2O 


7,500 UNITS Hill 
(30,000 u/ilG \ ) 


TIME IFTEP ISJEtTIOS OP HITS IlEMATOeitlT 


Jo miu 


30 nun 


00 min 


2 hr 


4 hr 


Tot'll number ot i iT 


Control mean hematoent* ( eighty “fi\e rats) 43 7 ± 4 0 
’Includes standard dcMition 


NUXtBEl 

OP rats 



MEt\ 

UEXIATOCPIT* 


45S±1 7 


55 0 ± 2 7 


50 0 ± 6 2 


55 0 ± 7 0 


40 4 + 5 1 


42 G ± 2 4 


HEMATDCRfT 68 
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Suitable eoiitiol e\j)eijmeiits neie peifoimed The testieulai e\tiaet ms 
licated at 70° C foi thiif> minutes ivlueli completeh inactivated the hjaluioni 
dase A volume of this mateiial equivalent to 7,500 units of hj aluronidase, 
was administered to thirty fi\e lats No significant delation of hematocrit 
occurred as compared with the eight} five contiol animals Stiiking diffeiences 
betiieen the effects of heated and unheated testieulai extract Mere evident 
(Pig 2) 

Seieial othei animals ueie ^iien bonne plasma albumin oi histamine in 
traienoush No equiialent change of the hematociit Mas dcmonstiated 

Plasma Piotuns — The mean plasma piotein level of fift} thiee contiol 
anniidls Mas 5 6-1 Gm pei cent A significant i eduction in the plasma proteins 
occurred in thiit} rats leceinng 7,500 tiirhidimeti ic reducing units of hyaluroni 
dase (Table II) The niaMmuni deciease was noted in fifteen to thirty minutes 
and thereafter the level of proteins slovvl} letuined to normal Tlurty three 
animals, to whoiii Mere administered heat inactivated liyaliironidase, failed to 
reveal a similar leduction iii the level of the plasma proteins 

Fiaotiouatioii of the proteins was performed on several samples, but the 
results failed to demonstrate anv significant alteration of the albumin globulin 
ratio 


Table II The ErrEcr of Heated and Unuevted Testiculad Extract on tub 
PL-vsstA Proteins op the Albino Rvt 




7 500 UMTS UTALURONID^SB 

TIME AFTEIt 
INJECTION 

NUMBER 
OF RATS 

ME\K plasma 

PROTEINS (%)t 

DEVUTION FROM 
CONTROL MEAN 

NUMBER 
OF RATS 

MEW PLASMA 
PROTEINS (%)i 

DEVIATION FROM 
CONTROL MEAN 


5 


+ 0 29 

5 




5 


+ 0 54 

2 




4 


+ 0..4 

3 

4 40 


60 mui 

5 

5 47 ± 0 2a 

-017 


4 48 t 0 27 

-1 IG 

2 hr 

4 

5 9±0 32 

-0 05 

0 

4 70 ±0 36 

-0 88 

4 hr 

5 

u oG ± 0 -S 

-OdS 

o 

4 ± 0 19 

-101 

8 hr 

5 

0 (>4 ± 0 _h 

0 

o 

5 25 + 0 vyo 

-0 39 

Total 
number 
of rata 

33 


30 



Control mean plasma protelnst (fifty three rata) 5 G4 ± 0 49 
Testicular extract heated at 70 C for thirty minutes Vn amount eauivalent to 
7 500 units of )i> aluronidase administered 
tincludes standard deviation 


DISCUSSION 

1 ollQ\vin 5 ' the lutld^enous administration of adeqiiate amounts of testicular 
e\tiact a piompt diieet rise occuired lu the hematociit of the albino lat and 
tlie lc\el of plasma proteins was sigiiificaiith reduced These changes paialleled 
the findings of edema contraction of blood \csselfl and diffusion of d 3 e described 
preMousK^ and ^\ere fiiithei e\idcncc of an increase m capillar-v permeabilitv 
The disparity bebteen these results and those leported bj Chambers'’ as 
to the effect of hjaluionidasc on cipilldij ptimealnliU raa'v possibl> be re 
bohed if the amounts of enzyme injected aie compared In order to alter the 
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Tabib. I Nctkitiovvl Content ot Nokmal \nd Enperimental DitrS 


NUTRIENTS 


1 NORMAL DIET | 

ENPERIilENTAL DIET 

Calories 


3,170 

3,250 

Protein 

(Gm ) 

70 

40* 

Carbohj drate 

(Gm ) 

330 

380 

Pat 

(Gm) 

174 

175 

Calcium 

(Gm ) 

0 86 

20 

Phosphorus 

(Gm) 

1 26 

58 

Iron 

(mg) 

15 5 

12 0 

Thiamine 

(mg ) 

144 

54 

Riboflavin 

(mg ) 

1 84 

34 

Niacin 

(mg ) 

15 6 

58 

Biotin 

(f'g) 

44 

214 

h casei factor 

(kg) 

64 

22 0 

Pantothenic acid 

(mg ) 

47 

1 15 

Pyiidoxine 

(mg ) 

1 76 

107 

Ascorbic acid 

(mg ) 

105 

90 

\ itamin A 

(lU ) 

7,400 

22,0001 


• Approxlmateli 34 pei cent nonanimal 
tMostlj ^-carotene 


Trjptophane wa'i determined mierobiologiealh be the method ot Woolej and Sebrell " 
The term “tryptophane” includes the niiciobiologic iHj atailable compounds, such as pep 
tides, closely related to tryptophane that may stimulate the growth of the orgimsms used 
Urine uas diluted with yvater and assayed without further treatment Samples eNtracted 
with ethyl ether to remo\e indole gaie essentially the same vtlues as untreated samples 
Storage of samples for one weeh has no effect on issij yalues Food samples yyere digested 
enzymatitalh by pepsin, trjpsm, and erepsin Ba(OH). hydroljsis gave satisfactory 
checks Pec il tryptophane determinations weie made for a few y\eeks but showed no 
consistent lesults Nitiogtn data yyere based on the Kjelduhl method 


Table II Diet Supplement vtion Scheduie 


Period 1 
Full supplement 


Supplement d 
Supplement -1 
Supplement 5 
Supplement 6 


Experimental restricted diet started 
B complex supplementation, biotin, 60 Mgi mico 
tinamide, 12 mg , pteroylglutamic acid, 90 fig, 
pantothenic acid, 6 mg , riboflavin, 1 5 mg , 
p aminobenzoic acid, 300 fig, pjndoxiiie, 3 
mg , choline 0 5 Gm added 
1 hianiine 1 2 mg added 
Piotein 45 Gm calcium casemate added 
Nicotinamide 12 mg, nboflaviu 15 mg added 
1 egg for breakfast, 100 Gm (raw weight) 
ground beef for lunch, % pint whole milk 
for dinner, in order to keep the caloric and 
protein content similar to that of the other 
subjects, the calcium caseinate, sugar, and oleo 
margarine were approximately reduced 


RESULTS 

In Fig 1 ate gnen values foi the daily uiiiiaiv excietion and dailj dietaiy 
intake of tiyptophane It is appaieut that in the case of the five restiicted sub 
jeets theie yvas no deciease in the amounts of fiee trjptoph^ne excieted dm mg 
the peiiods of lestiieted dietaiy intake of pioteins and B complex yntamms 
Tins lesult is in contiast to the excietion of B yitamins yvhieh decieased shaiply 
yyhen the dietaij mtake tvas lednced- Pnitheimoie no deciease in tiyptophane 
excietion occuiied duimg the peiiod of lestiicted piotein intake despite the 
mtake ot lai ge amounts of com udiieh is deficient in tryptophane 






TRVPTOPHVNE FFQUIREJIFM \\D EVCKETION B\ ^QR1I VL \DULTS 841 



Fig 1 — Uietary Intake and urfnarj excretlan of trjplophane 
Ordinates Excretion of tr>ptophane nilUlfframs per t\vent> four Jiours 
Vbsclsaas Time on expor/iitental diet weeks. Bod\ Tvelehts of subjects i ountls 0 / 
169 C 2 144 E 167 £ fi 137 B 150 B i 183 S3 14$ Dietary Intakes as shown 

Diets and supplements described In text. Table 11 


Dming the petiod of tlie eontiol diet, the uiinao oxcietioii of tiiptophane 
tailed from 1 to 3 per tent of tlie lugeited dietaiy tijptophane On tJie le 
btiicted dietaij intake of tnptophane, the uimon c\cietiou Mas appioMinateh 
3 to 15 pel cent of tiie ingested trjptophaiie Actuallj there was a slight increase 
ill the esciction levels of fiee f tnptophane The two contiol subjects showed 
appioxiniatelj 3 milligrams inciease in dailj cscietion during the peiiod of sup 
plemented dietaij intake as eompaied with then contiol peiiod on a noiinal 
diet Peihaps the ciciction of metabolic denvatives of tivptophane not nncio 
biologicallj available was alteied bj tlie conditions of the diet and physical 
attivitj of the subjects, but tliese vveie not studied 

No impoitant differences evsted between contiol and lestiieted subjects 
despite the wide difference in pioteiii intake Variation between individuals is 
wide as ev ideiieed bj the diffeieiiceshetneeii subjects C-3 and E 3 There was 
no significant loss of bodj weight dining the e’spei nnental period nor was any 
coi-relation demonstiated lietvveen body weight and tijptophaiie e\eietwn 
(Fig 1) Nitiogen balance was niaintaiiied by all subjects dining the period 
studied (Pig 2) When piofejji was added to the diet at sarioiis intervals 
each of the subjects leceiving this supplement showed an immediate increase 
in intiogen exeietion ovei the preceding period of restricted intake 
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0 5 10 IS 20 25 30 35 

]^EKS ON EXPERIMENTAL DIET 

NITROGEN INTAKE NITROGEN OUTPUT 


Pig 2 — ^Nitrogen balance of subjects on control and ea.perimental diets Prom top to 
bottom two control subjects and five experimental subjects 

Ordinates Nitrogen intake grams per daj. dotted lines nitrogen excretion grams 
per daj solid lines 

Abscissas Time on experimental diet weeks 


SUMMARY 

Seven healthy young men excreted daily m the urine fiom 8 to 22 mg of 
flee Z-ti'vptophane, approximately 1 to 3 pei cent of the ingested tiyptophaiie, 
■while on a noraial dietaiy intake of 70 Gm of piotein containing 813 mg of fiee 
Z-trjT)tophane Duimg tventy-one and twenty-se\en ■week peiiods on an experi 
mental diet lestiicted m B complex vitamins and contaming 40 6m of piotein 
(94 pel cent nonanimal) and 241 mg of fiee Z-tiyptophane, five of these same 
subjects excieted slightly greatei amounts of tiyptophane than m the contiol 
penod amounting to a latio appioximately 3 to 15 per cent of the ingested 
tiyptophane Still greatei uimaij exeietion occurred on a diet supplemented 
hbeially ■with B complex vitamuis and animal protem Control subjects did not 
exciete moie tiyptophane than the subjects on the restricted diet Nitiogen 
balance was mamtained on levels as low as 0 24 Gm of fiee trj ptophane pei 
day, indicatmg that the mmimum tij-ptophane lequiiement of noiinal adults can 
be met by a dietaiy intake of 0 24 Gm daily No con elation was found betiveen 
body weight, minimum tiyptophane lequiiement, and excretion of free Z-trypto 
phane 
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ALCOHOL AND PANCEEATITIS SEEUSI AJUYLASE 
DETEEAUNATIONS IN NOEMAL INDIVIDUALS 
FOLLOWING INGESTION OP ALCOHOL 

J \.iiEs jM\hre, D , AND Samuel Nesbitt, jM D , Ph D 

j\IlNNEAPOLIS, IlIlNN 

A lcoholism has often been mdicted as a possible etiological agent oi 
predisposing factoi in paueieatitis, bnt its actual impoitance in the pio- 
diiction of the disease nevei has been deteinimed definitely Theie is consider- 
able clinical and pathological indiiect evidence,* hoivevei, of such a relationship 
Siegel and Kiautnian^ and Giay and co-ivoikeis^ repoited loiveied seium 
amjlase in patients with acute alcoholism Domzalski and Wedge* in 1948 
found that 48 pei cent of fifty chronic alcoholic patients admitted to a neuio 
psyehiatiic hospital withm forty-eight liouis aftei their last dunk had an 
elevated seiuin amjlase They postulated a subclmieal pancieatitis that might 
easily be eonsideied clinically to be alcoholic gastiitis 

EXPERIMENT 

In an attempt to evaluate fuithei the lole of alcohol in i elation to pan- 
el eatitis or at least as an agent which maj aftect the values of the seium 
amylase,* an expeiiment was designed utilizing as subjects fourteen noimal, 
healthy males ranging in age fiom 27 to 40 years These men drank habituallv 
only m moderation After a control serum amylase was determined, from 2 to 
12 oimces of a good grade of 86 proof whiskey were ingested ivithui a peiiod 
of one and one-half hours before a substantial meal In certain instances of 
higher alcoholic mtake, a serum amylase was determined at this interval 
Following the meal, quantities of whiskey vaiymg from 0 to 12 ounces were 
ingested over a period of foui hours Total amoimts of whiskey consiuned 
railed from 71/2 W 24 ounces Determinations of serum amylase values were 
made followmg the period (appioximatelv six hours after the beginning of the 
experiment) and again on the followmg daj (appioxniiately sixteen hours aftei 
the beginning of the expeiiment) The results are shown in Table I Subject 
4 lost some alcohol through emesis approximately seven hours after starting 
tlie experiment In no instance ivas theie a significant change in the value ot 
the serum amylase 

SUMMVRY AND CONCLUSIONS 

Some mrestigatois have noted an mciease and others have noted a decrease 
in the values of the serum amylase ui patients suffer mg from alcoholism A 
controlled experiment is described utilizing as subjects fourteen healthy men 

From the Department of Internal Medicine Unirersitj of Minnesota School of Medicine 
and the Veterans Hospital 

Published nith permission of tlie Chief Medical Director Department of Medicine Veterans 
Administration who assumes no responsibilUi for tlie opinions expressed or conclusions drawn 
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Table I Coiirel.vtion or \lcouol Ivceltiov avd &ERUii Amylase Values 


SUBJECT 

1 t\UlSKE\ INTVKE 

(.02 ) 

1 SLrUM \.M\LASE \ VLUES 

FIRST 

1 5 HR 

1 1 5 Hit 
j TO b IIP 

j TOTAI 
) l'JT\KE 

CONTrOI 

1 1 ’> UK 

1 (! HR 1 

1 IG HR 

1 

9 

0 

9 

lUb 


lOb 

88 

_ 

9 

9 

13 

84 


<80 


3 

9 

10 5 

19 0 

100 


lOG 

133 

4 

12 

12 

24 

<80 

<80 

89 

88 

u 

7 5 

i 0 

li 

SO 


100 

88 

6 

G 

G 

1- 

80 


115 

94 

7 

10 J 

«) 

19 o 

<80 


<80 

<80 

8 

9 

1 0 

IGo 

84 

115 

100 

100 

9 

q 

4 5 

135 

34 


<80 

<80 

10 

7 5 

0 

105 

80 


84 

100 

11 

9 

4 J 

13 J 

100 


133 

100 

12 

7 i 

0 

7 o 

SO 

94 

<80 

<80 

13 

10 5 

0 

lb a 

<80 


80 

84 

14 

12 

4 o 

16 1 

<80 

30 

94 



subsisting on ^\Lll balanced diets No sioinficant altciatious of the values of 
the seiuiu amjlase veie noted duiing oi aftei the ingestion of alcohol It 
would appeal tint alcohol pei sc at least ni the qumtitics consumed in the 
picsent &tud\, does not affect the level of the stium amylase in the noimal 
individual It inav be that alcohol ingested in the amounts ot this controlled 
experiment aie not suffleicnth gicit to aftcct the seium mivlasc values oi 
that some other complicating factor piesent m ehionic dcoholie subjects studied 
bv other vvoikeis accounted loi abuoimal values in those instances 
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STUDIES ON THE DEPRESSION OF BRAIN OXIDATIONS 
I Biopsy Technique and Analysis of Vari^vnce in the Selection 

OF A PeNTOB VRBITxVL CONCENTRATION' 

D S Wilkins, M D , R M Pe vtherstone, Ph D , C E Gri.y,MD,’^ 

J T ScHWIDDE, M D , ^VND M Brotjian, M D 
Iowa City, Iowa 

W E ARE pui suing a study of sodium pentobaibital depiession of oYj^geii 
consumption at -vaiious levels in the dog brain Recentl 3 lepoited spectio 
pliotoinetiic deteiminations of baibituiates in blood and tissues-' lia\e not 
established eoncentiations of sueli dings suitable foi in vitio expeiiments The 
piesent investigation was designed to find a concentiation of sodium pciito 
baibital i\hich would significantly, but not coinpletelj'^, depiess the oxygen uptake 
of dog coitex The expeiimental design compiises a teehnique foi dog biaiii 
biopsj and the application of analj'sis of vaiiance to staiidaid manonietiic pio 
ceduies m a mannei uhicli may piove useful in additional expeiinients with 
baibituiates and othei depiessant diugs 

TECHNIQUE 

A cortical biopsi was taken fiom each of fi\e dogs bj i method deiised for this 
experiment During Nembutal nitrous oxide oxygen anestliesia the temporal muscles were 
partialh excised and the calvarium was remoi ed The dura was excised and replaced 
without suturing, which procedure vas found necessary to permit access to the cortex at 
subsequent biopsj without e\oking pain and struggling Numbei 32 stainless steel wire 
was emplo^ ed to close the scalp Approximately seven daj s later the incision was reopened 
during 1 per cent procaine local anesthesia injected into the scalp The dural flaps and 
granulations at the periphery yero removed The cortex appeared normal to gross and 
microscopic examination A block of cortex appioximately 5 bj 15 bj 20 mm uas excised 
from each hemisphere and placed in i refrigerator 

Slices were prepared for use according to standard raauonietric practices The elapsed 
time from biopsc to oxcgenation and equilibration iias thirtj five minutes The flasks 
contained Krebs Einger phosphate buffer'' m which the calcium chloiide content had been 
reduced to precent the precipitation of calcium pentobarbiturate The tieatments com 
prised duplicate flasks of (1) 0 00, (2) 0 04, (3) 0 08, and (4) 0 12 per cent sodium pento 
barbital, as pentobarbital, added to the solution befoie the flasks were filled The pH nas 
determined bj a Beckman pH meter and ms adjusted to 7 4 i\ith 1 per cent HCl Glucose 
Mas added from the side ami at the end of ninetj minutes to produce a final concentration 
of 0 025 per cent Headings ueie taken for eight tliiitr minute periods 

RESULTS 

-1, B, and C, Fig 1, aie photonuciogiaplis of a section fioni the biopsj of 
Dog 2 The section is a lepiesentative one and is inteipieted as shomng no 
eMdence of inflammation, unusual cellulai degeneiation, oi othei abnoimalities ° 

From the Dn isions of Vnesthesiolog^ and Neurosurgery of the Department of Surgery 
and the Department of Phaimacology College of Medicine State Unuersity of Io\N't 

The authors wish to thank Mrs Do^oth^ Baldwin for her technical assistance during 
ceriain phases of the experiment 
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F)g 2 IS a graphic repi esenlation of the lesults on Dog 5 Each bai on the 
giaph lepicseiits cubic inillmiotera of owgcn consumed pei imllignm of tissue 
drv M eight duimg the preceding thirtA minute period Attention is called to 
the fact that this is tlie oiilj expxcssiou of the lesults in terms of drj ucight 
Tig 2 13 domed from Table I bv the application of the wet to drj weight ratio 
which was found to be 5 62 The contiol foi Dog 5 consumed 1816 emm of 
owgcn per inilligiam of tissue (mean of dupheate samples), wet weight, during 
the fii-st ninetj minutes Quastel and Whcatlcv’ rcpoited 0 780 cnmi m com 
parable terms foi dog coi tc\ 

Table I piescnts the data fioiii duplicate samples for four treatments oh 
sened thiough eight thiita mmulc pciiods on liic dogs Tables II to VIII are 
the statistical anal} sis which is presented in tolo to clarif} the method &nb 
sequent statistical aiiahses fiom this laboiator} will eontam a table comparable 
to Table VII oiilj 

DISCUSSION 


The dog biam was used as its own control foi the in \itio addition of the 
desired drug Tins inotliod also allows the dog hi am to serve as ib oira control 
for in Mvo administration of a compound Poi c\ainplc it has pioved successful 
at this lahoiatoi'} to lemoie tissue fiom one side controlling the hemorrhage 
with Gelfoam aftei which the diug is intioduced b} the mtraeenous route 
before taking a second biopsi fiom the othci hcmispheie lloreovei if a small 
amount of cortex is lemosed the animal will remain health} for another pro 
cedure upon a different hi am Ice el at a later date 

In 3 depaituie from custom an aiial}sis of vaiiance“ a statistical method 
appropiiate fot small samples has been applied to the data fiom this expeii 
ment • Inasmuch as it is felt that this method of statistical treatment long itsed 
in the field of agioiiomv could find expedient application in man} mediial 
I’csearches it w ill be discussed iii detail 

Table II is a twowa\ table foi the puiposc of calculating the dogs tunes 
periods (D >, P) mean square in Table VII It is made up fiom Table I, foi 
example the figure 1 104 is the total oxjgcn eoiisuiiiption for aU tieatments of 
Dog 1 dining Peiiod 1 Likewise Table III foi the D k T mean square of 
Table VII contains the figuic 3 050 the total oxxgen consumption of Dog 1 
Treatment 1 foi all periods Table TV lefeiimg to T x P in Table I II is 
constructed in similar fashion 

Table VIII traces the calculations Nuin'ieis fiom tlie pieeediiig tables 
have been substituted foi algebraic teims so tint tliei niai be followed inoie 
easily 

The summai'} of the analxsis of eaiiance Table VII contains the deductions 
which ma} be dnwn fioni the expeiiinent The main sources of variation aie 
dogs, periods and treatments The mean squue foi eaeh is a representation ot 
the vanance in ox}geu consumption attiibutahie to its respective source The 
first Older interaction, T x P found to be highiv significant, is the appropriate 
erroi term for estimating the significance ot eithei treatments or periods D x T 


For hJs KUltlanre Jn the anaJjals tlie 'luthors nrt* Snlcbtel to G F Sprairuc Senior 
Vffronomlst United States Dcpdrtni nt of VgrlcuUurc In charge of the cooperative corn breed 
mg Jmcstigdllons at Iowa State Collrgc \mc Iowa Thej also critctuflj acknowledge the 
heln of U V Knowler Chairman ot the Department of Mathematic State UnhersU> of Iowa 
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c 

Fit 1 (Cont U) —See opposite page foi legend 



Fig i — Graphical repreaentation of oxygen consumption b> brain cortex slices from Dog 5 
Glucose In final concentration of 0 0 5 per cent added at beginning of Period 4 
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IS the eiioi teim foi dogs The eiioi tcmis lepiesent expeiimental eiioi Each 
P value listed is the latio of the appiopiiatc mean squaie to the eiioi teim 
P values for significance at the 0 05 and 0 01 levels aie included 

It IS of note that the selection ot fiist oidei intei actions (T x P and D a T) 
as ineasuies of expeiiinental eiioi makes the conclusions fioin this e\pciiment 
on five dogs applicable to the gencial dog population, based upon the a&siunptioii 
that the dogs used weie a lepicsentativc laiidoin sample of that population 
Howe\ei, use of D x P x T would limit any conclusions to the paitieulai five 
dogs in the e\peiinient 

It IS seen that theie is a highly significant difteience among the contiol and 
othei tieatments and that the vaiiance among pciiods is piobably significant, 
as would be expected The vaiiance among dogs, nhicli appioaehes significance, 
IS eeitainly highei than desiiablc This tact will be discussed latei 

Compaiing the contiol with 0 04 pei cent sodiiuu pentobailntaP (Tieat 
ments 1 and 2 in Table VII), one finds the oxjgen consumption sigiiifieanth 
leduced by that conccutiation Fuitheimoie, in compaiiiig 0 04 with 0 08 
pel cent (Tieatments 2 and 3), one may conclude that the inhibition liy the 
foiniei is significantly less than that of the lattci In addition, theie is no 
difteience between 0 08 and 012 pei cent (Tieatments 3 and 4) Sodium 
pentobaibital 01b pei cent w’as used on thiee of the dogs This oxygen up 
take, not shown, w'as statistically identical with the uptakes of OOS and 012 
pel cent It seems logical to conclude, on the basis of the foiegoing facts, 
that 0 08 and 012 pei cent sodium pentobaibital cause essentially complete 
inhibition of dog coitex oxygon consumption 

Quastel’s woik upon the laiious substiatcs inlubited b} di-alkyl baibituiic 
acid deiivatives was done with a 0 12 pci cent conceiitiation of those baibitiiiates •’ 
Retuimng to the substantial \aiiancc among the five dogs, it is disceined 
fioin Table III that the total oxigen consumed b} samples fioin each dog was 
gieatei fol each succeeding dog used The lineai inciease was appaieiitly asso 
eiated with the impiovmg technique of the expeiimenteis Poi example, suc- 
cessively laigei sample sizes weie used (fiom 50 to 60 mg on Dog 1 to 115 to 
130 mg on Dog 5), due to successively laigei biopsies In othei woids, laiiation 
foi a foim of cxpeiimental eiioi has been included wuth the mean squaie toi a 
mam souice of vaiiation, dogs Deiiation fioni Imeaiity is an appiopiiatc 
ineasuie of the “actual” vaiiance among the dogs The mean squaie (Dogs, 
Deviation), 0 001117, foi this so-called actual vaiiance, that is, the vaiiance 
inheient in the dogs and uninfluenced by technique, is calculated in Tables V, 
VI, and VIII ” This mean squaie was found not to be significant w'lieii coni- 
paied with its eiioi teim (D x T, Deviation) 

One moie conclusion iiiaj be diawn fiom Table VII Duplicate samples 
weie sufficient, as indicated bj^ the fact that the mean squaie foi sampling eiioi 
is ot the same magnitude as that foi D x T x P f 

*In each instance pei cent sodium pentobarbital indicates the concentration present 
as pentobarbital 

^ tit ill be seen from Table I that a particular pair of flasks "5\as used for each 
tieatment throughout the experiments An> dUCerence*^ amon^ flask pairs are thus confounaeu 
with treatment effects It is technically Inconceivable that flask pair differences could have 
been important relative to the large treatment dltfcrences so that conclusions concerning 
treatments are considered \alld In subseciuent expeiiments the samples will be randomizcu 
as to placement in flask pairs 
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It IS peiliaps peitineiit to point out tliose filings wliicli liaie been aceom 
phshed tluougli analjsis of \nnnce and which ivouid have been less cleai oi 
less casilj attained bv othei statistical methods Had Fisliei 's “T” oi the 
diftcicuce of meins, both of winch iic commonly used in medical liteiatuie, been 
ciiiplojed, the coiiipiiison of tin full lengths of the ciiives would have been 
liboiious Tlieiefore tliose poitions of the ciuves following the addition of 
glucose would piobilily hive been totaled, the totals being compaied by the 
alteraate methods Thus the viliie ciisting in the varjing shapes of the cuives 
would have been lost 

The statistical conclusion i-egaidmg the sutfieiencj of duplicate samples 
would have been leplaeed bj a meicly aibitiaiy limit of eiror, such as 10 per 
cent Such arbitiaiy tieatment might well have required the use of tiiplicate 
samples, vvhieli would have unneeessaiilv reduced the scope of the e\peiiment 
IS delimited bj the size of the biopsies 

Moreover, bj tlie othei methods mentioned the mam souioes of variation 
could not have been simultaueouslj ascribed tlieii piopet ptoportions m respect 
to the evpeinnent as i whole In othei woids a figuie lepicsenting variation 
among dogs could have been computed (for evample, a mean and standard 
deviation of the dog totals) Anothei figuic foi the vaiiation among treatments 
could have been computed and still a third for periods However one vtould 
be left with no clear evaluation of what each might have been while luinifluenced 
by the otheis Thit evaluation has been aeeomplislied through use of the auaijsis 
of vanance 

Wb feel that an even more valid coneentiation of the drug foi m vitro use 
would be that found to ocaui in the dog bnni dming hj'pnosis bj the compound 
Howevci, sodium pentohaibital in a concentration of the magnitude of 0 04 per 
cent should prove satisfactory for testing depression of dog biam ovjgen con 
sumption at various levels 


SUMMARY 

V method of dog biain biopsy ind an analysis of vaiianee a statistical 
method appropiiate foi small samples were combined with standard nianometiie 
technique in selecting a sodium pentobarbital concentration satisfaetorj foi test 
mg oEjgen consumption at vinous hiani levels The biopsy proeeduie allows 
the dog brain to seive as its own contiol for eithei m vitio oi m vivo admims 
tiation of dings and seems well adapted to this type of e\perimentation 

An analysis of variance, which pcimitted the drawing of nioie conclusions 
than would othenvise have been available fiom the data pieseuted disclosed the 
following facts 

1 Sodium pentohaibital 0 04 pei cent, as pentobarbital significant!) de 
pi esses the o\vgcn consumption of dog cortex without eoniplctelj inhibiting such 
consumption 

2 Sodium pentobarbital 008 ind 012 per cent aie quantitatively identical 
in then almost total abolition of dog cortex oxidations 

3 The variation among randomly selected licaltiiv dogs is shown to be 
st itistically nonsigmficint foi oNpeiuneiits of this t) pe 
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4 Duplicate samples were sufficient m the hands of these investigatois 
Conclusions 3 and 4 would not have been leadily deduced without this 
method of statistical analysis Conclusions 1 and 2 aie much moie accessible 
by this technique than by those moie tiequently used in the medical liteiatuie 
The expel iment does not show uhith substiates weie depiessed 


Tvbll I Cubic MiuiiiETtns oi Omgsn Consumed Put MiLUGnvjt oi Doo Coptev (Wet 
Weight) During Eight Thhiti Minute Periods loi Each oi Pour Treatments 

ON Fi\e Dogs 


period 


llENT ! 

1fl\skI 

1 1 

( 1 

3 1 

4 

1 5 

1 0 1 

7 

1 8 1 

1 SUM 






Dog 1 

1 





1 

1 

0 29S 

0 229 

0 183 

0 275 

0 1 iS 

0 206 

0 046 

0 138 



16 

0 406 

0 145 

0 174 

0 174 

0 020 

0 261 

0 174 

0 174 



Sum 

0 704 

0 374 

0 357 

0 440 

0 167 

0 467 

0 220 

0 !12 

3 050 

0 

3 

0 100 

0 137 

0 lOO 

0 082 

0 0S2 

0 109 

0 027 

0 000 



12 

0 245 

0 109 

0 082 

0 100 

0 027 

0 1 16 

0 082 

0 082 



Sum 

0 354 

0 246 

0 191 

0 101 

0 10') 

0 245 

0 109 

0 082 

1 527 

a 

4 

-0 127 

-0 021 

0 127 

0 000 

0 021 

0 042 

0 000 

-0 042 



13 

0 092 

-0 046 

0 02S 

0 092 

-0 041) 

0 069 

0 046 

0 023 



Sum 

-0 035 

-0 067 

0 150 

0 002 

-0 025 

0 111 

0 046 

-0 019 

0 253 

4 

5 

-0 051 

0 085 

0 0 34 

0 017 

0 000 

OOol 

0 000 

-0 017 



14 

0 132 

-0 106 

0 080 

0 027 

-0 080 

n 106 

0 05! 

0 000 



Sum 

0 OSl 

-0 021 

0 114 

0 044 

-0 080 

0 157 

0 03! 

-0 037 

0 331 

Total sum 

1 104 

0 532 

0 812 

0 776 

0 171 

0 980 

0 428 

0 338 

5161 

Dog 2 

1 

1 

0 473 


0 254 

0 304 

0 20 ! 

0 254 

0 270 




lb 

0 453 


0 453 


0 558 

0 2 IS 





Sum 


0 740 


0 460 

0 563 

0 472 

0 335 

0 471 

4 8S1 

0 

3 

0 118 

0 157 

0 105 

0 105 

0 070 

0 070 

0 092 

0 026 



12 

0 047 

0 172 


0 004 

0 125 

0 062 

0 109 




Sum 

0 Ibo 

0 120 

0 214 

0 106 

0 204 

0 141 


OOSS 

1 541 

i 

4 




0 014 

MijlM 

0 014 

0 053 

0 000 



13 



0 028 




0 057 

EEllS 



hum 

-0 084 

0 183 


0 056 

■MbBjfl 

0 000 

0 112 



4 

5 



0 025 

0 0 54 



0 043 




14 


0 122 

0 020 

0 000 

0 082 

0 000 

0 041 

BEISI 



Sum 

-0115 

0 100 

0 04! 

0 034 

0 105 

n 02 3 

0 086 



Total sum 

0 804 

1 340 



0 055 

0 6 16 

0 9i4 


7 161 

Dog 3 

1 

1 

0 565 

0 330 

0 282 

0 37 8 

0 !30 

0 ISS 

0 267 

0 298 



16 

0 653 

0 440 

0 326 

0 316 

0 !47 

0 347 

0 296 

0 !06 



Sum 

1218 

0 779 

0 608 

0 4 SO 

0 677 

0 5!5 

0 36! 

0 601 

5 473 

2 

3 

0 ISS 

0 054 

0 174 

0 054 

0 174 

0 040 

OOSO 

0 107 



12 

0 186 

0 310 

0107 

0 070 

0 151 

0 150 

(1046 

0 128 



hum 

0 374 

0 170 

0 371 

0 124 

0 525 

0 179 

0 126 

0 233 

1904 

3 

4 

0 044 

-0 033 

0 055 

-0 022 

0 065 

-0 011 

0 011 

0 044 



lo 

0 030 

-0 026 

0 077 

-0 on 

OOiO 

0 052 

-0 013 

0 064 



hum 

0 083 

-0 050 

0 132 

-0 0 55 

0 104 

0 011 

-n 002 

0 108 

0 372 

4 

5 

0 048 

-0 0>0 

0 04S 

0 000 

0 048 

0 000 

0 000 

0 024 



14 

0 040 

-0 040 

0 067 

0 027 

0 027 

0 027 

0 000 

0 080 



Sum 

0 088 

-0 076 

0 115 

0 027 

0 075 

0 027 

0 000 

0 104 

O3eo_ 

'I'otal suiti 

1763 

0 814 

1 226 

0 605 

1 181 

0 782 


1 051 

S 309., 
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T\bie 1 — 'Cost ’ ll 



1 PERIOD 


MENT 


1 

2 

3 

4 1 

“i 

0 

7 

8 

SUM 

Dos 4 

1 

1 

0 518 

0 420 

0 ^50 

0 304 

0 224 

■nm 

0 210 

0 266 



10 

0 780 

0 594 

0 $S0 

0 314 

0 67 

0 378 

0 227 

0151 



Sum 

1307 

1014 

0 73J 

0C78 

0 591 

0 700 

0 437 

0 417 

5 883 

2 

3 

0 200 

0 ISu 

0 102 

0128 

0110 

0128 

0 003 

0 070 



12 

0 212 

0 212 

017o 

0 100 

0 150 

0137 

0 075 

0150 



Sum 

0 421 

0 '*97 

0 337 

0 223 

0 260 

0 265 

0168 

0 220 

2 302 

3 

4 

0 0C4 

0 075 

0 043 

0 011 

0 021 

0 064 

0 000 

0 021 



13 

0 092 

0 079 

0 002 

-0 0o3 

00<9 

0 053 

-0 028 

0106 



Sum 

0156 

0154 

0 13o 

-0 042 

0100 

0117 

~0 026 

0 127 

0 721 

4 

5 

0 070 

0 066 

0 053 

-0 013 

0 013 

0 079 

-0 013 

0 013 



14 

0110 

0 060 

OOj5 

-0 027 

0 090 

0 055 

-0 055 

0110 



Sum 

0180 

0 l3o 

0 103 

-0 040 

0109 

0 114 

-0 068 

0123 

0 690 

Intal sum 

Eiai 

nsEi 

1 319 

■Esai 

Wilitil 

3 236 

0511 



Dog 5 

1 

1 

0 678 


0 495 

0 398 

cehi 

0 31^ 

0 301 

0 375 



16 

0 900 



0 310 

0 340 

0 300 

0 310 

0S30 



Sum 

15^8 

1 197 

0 91o 


0 703 

0 615 

0 613 

0 705 

7 034 

2 

3 

0180 

0 212 

0 201 

our 

0106 

0 212 

0 064 

0117 



12 

0 209 

0148 

0 160 


0123 

0 098 

0 002 

0123 



Sum 

0 380 


0 361 

0 215 

0 229 

0 310 

0126 

0 240 

2 280 

3 

4 



■EEn 


0 051 

0 051 

0 010 

0 071 



13 

OOCD 

0 0j5 

0 041 


0 05o 

0 027 

0 000 

0 330 



Sum 

0 099 

OloC 

0122 

0 030 

0 106 

00i8 

0 010 

0 181 

0 782 

4 

5 

0 032 




0 043 

0 032 

0 021 

0 064 



14 

0 074 




0 062 

0 025 

0 025 

GOOD 



Sum 

0 106 

0148 

0140 


0 103 

0 057 

0 046 

0163 

0 789 

Total sum 

2 172 

1 SGI 

1 544 

0 971 

1 143 

1 060 

0 795 

1 289 

10 885 


Tiblf II Totu Cubic iliLuiiE^TERS op Oaicbn CoNSOiiED per iliiuonAir op Doo Cortpx 
(W cT Weight) b\ \Lt. Samples From E\cii Doo During Even Thirty iliNUTE Period 


j 1>OOS 1 

SUM 

lETIODS j 

1 i 

1 

i 3 

1 i 

1 5 

I 

1 104 

0 894 

J 76.4 


2 172 


2 

0 532 

1 449 



1 861 

6 356 

3 


1019 

3 226 

1319 

1 544 

5 920 

4 

^■SRTt^H 

0 749 


0 824 

0 971 

3 925 

5 



1 181 

1 066 

1 143 

4 516 

0 

0 980 


0 782 

1216 

1060 

4 674 

7 

0 428 

0 934 




3 355 

8 

0 158 

0 52 

I 051 

0 387 

1 289 

4 110 

Total sum 

5 161 

7 161 

8109 

9 596 
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Twll III loTU Cubic Millimeibus oi Oavoln CoN&uitEu per Milligrui op Dog Coptex 
(Wet M iiGUT) Ddriag Ale Tiiiut\ iliNurh Periods b\ Each Dog for Evch Treewhent 


TRE\T 

MENTS 

[ DOGS 1 

SUM 

I I 

1 3 

1 

1 3 

i 0 1 

I 

3 030 

4 S8I 

3 473 

5 883 

7 0 51 

2b 521 

2 

1 527 

1 541 

1901 

2 302 

2 230 

9 504 

3 

0 253 

0 591 

0 372 

0 721 

0 782 

2 319 

I 

0 331 

0 348 

u3G0 

0 GOO 

0 789 

2 518 

Total sum 

5 IGI 

7 161 

8 109 

0 39G 

10S55 

40 Sb2 


T\.ble IV Total Cubic Milumeters, oi' Owgen Consumed ieu Miiligram op Dog Cortes 
(Wet Weight) b\ All Dogs During Even Timm ACinlte Period for Even Treatment 


PERIODS 

1 treatments I 

SUM 

i 1 

1 2 

1 5 

1 -i 1 

1 

5 733 

1 703 

0 210 

0 351 

8 000 

2 

4 113 

1502 

0 305 

0 376 

0 356 

3 

3 32G 

1 174 

0 594 

0 526 

5 920 

4 

2 784 

0 957 

0101 

0 083 

3 923 

5 

2 699 

1 133 

0 370 

0 314 

4 516 

6 

2 789 

1140 

0 347 

0 398 

4 674 

7 

2 3G8 

0 730 

0 140 

0 117 

3 355 

S 

2 509 

0 865 

0 383 

0 553 

4110 

Total sum 

26 321 

9 504 

2 519 


40 862 


T^vblb V Computation op Deviation From Line\rit\ op Evch 

True Varivnce Among Fi\e Dogs 

Dog 

IN Estimating the 

DOG 

1 TOT U 1 

EVPONEXT 

1 

PRODUCT 

1 

5 101 

_2 



2 

7 161 

-1 


- 7 161 

3 

8 109 

0 



4 

9 596 

1 


9 590 

5 

10 833 

2 



Sum 




+13 783 


Sum of (eAponeni)2 = 

10 




Number of observations 

in each dog total = 

64 



(Completed in Table VIII) 
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Total 159 b 77MW 

Sampling error IGO 0 390493 0 002441 

Tre itnients 1 and 2 1 1 707571 62 304 4 32 8 02 

Troatments 2 and 3 1 0 304952 10 700 4 32 8 02 

Treatments 3 and 4 1 0 000000 0 000 4 32 8 02 
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Table III Totvl Cubic JIiLUMLihUb Of Owoen Consumid im Miliiokam oi Dog Coktex 
(AVet Weight) Duking All Thiutv iDsuTi Periods b\ Each Dog fob Exch Treatment 


TREVf 1 

ME\TS 

1 DOGS 1 

1 1 

1 d 

1 

1 I 

1 0 

1 SUM 

1 



jBQQnjjll 

wmmsim 

7 034 

20 321 

2 





2 210 

9 504 

3 





0 782 

2 519 

4 

0 131 


■nKynll 


0 789 

2 518 

Total sum 

5 161 

7 161 

8 109 

9 106 

10 S3d 

40 802 


T\.ble IV Total Cubic Millimeters of Owgen Consumed ieb MhiigpuVM or Dog Cortex 
(Wet W’eight) by All Dogs During Each Thiktx Minute Period foe Even Treatment 


TKEATMENTS 


PFKIODS ! 

1 1 

1 2 

1 2 

1 i 1 

SUM 

1 

5 733 

1 701 

0 219 

0 351 

8 006 

2 

4 113 

1502 

0 365 

0 376 

6 356 

3 

3 326 

1474 

0 594 

0 520 

5920 

4 

2 784 

0 957 

0101 

0 083 

3 925 

5 

2 699 

1 133 

0 370 

0 314 

4 510 

6 

2 789 

1 140 

0 347 

0 398 

4 674 

7 

2 368 

0 730 

0110 

0 117 

3 355 

8 

2 509 

0 8o5 

0 383 

0 d53 

4110 

Total sum 

26 321 

9 504 

2 519 

2 518 

40 862 


Tuble V Computation of Deviation From Lineaiuta of Even Dog in Estimvting the 

True Vnuiance Among ri\E Dogs 


DOG 

1 totai 

1 EXPONENT 1 

PRODUCT 

1 

5161 

“2 

-10 322 

2 

7161 

-1 

- 7161 

3 

8 109 

0 


4 

9 596 

1 

9 596 

5 

10 835 

o 


Sum 



+13 7S3 


Sum of (exponent)!! = iO 

Number of observations in each dog total = 61 
(Completed in Table VIII) 
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STUDIES ON SERUM ESTERASE 

The Serum Ester.vse in Liver Dislv&e 

Mariin G Goldner, M D , and AIvrgvrft jMorse, B S 
Port Logan, Colo 

G OMORI’S lecently cle&ciibed miciometliod foi the deteinunation of blood 
esteiase^ gave occasion to examine this eiizyiiie in human seia iindei 
vaiious clinical conditions The piinciplc ot this method is that phenyl 
benzoate is hydiolyzed into phenol and ben/oic acid when incubated with an 
esteiase containing mateiial The phenol is then linked to a chiomogen — 
Red B Salt — which peimits quantitative eoloiimctiic estimation The amount 
of enzymatic activity of the substiate is expiessed in miciomoles ot phenol 
pei cubic centimetei mateiial The details ot the piocediiie aie desciibedin 
Gomoii’s oiiginal publication' The method can be earned out easily in a 
clinical laboiatoiy 

Oui senes consists of nioie than 400 estimations peifoinied with seia fioiu 
150 uiiselected patients of this hospital The blood was ■\vithdiawii in the 
moimng befoie bieakfast and was peimitted to clot, the seium was sepaiated 
and used eithei immediatelj" oi aftei stoiage in the lefiigeiatoi foi twenty 
foul houis hlany of the patients weie examined on seveial occasions 
Pig 1 shows giaphically the values obtained The patients aie enuniei 
ated on the abscissa, the esteiase values indicated on the oidinate Each dot 
lepiesents one estimation Whole moie than one estimation was done on the 
same patient, the individual values aie connected by a veitical line Fiom 
this giaph it is evident that 

1 Most of the values fall within a lange between 12 and 25 iniciomoles, 
with an aveiage of 16 miciomoles 

2 The fluctuations of seiial estimations in the same individual aie ex 
ti emely wide in many instances 

3 Theie aie a iiumbei of estimations, individual and seiial, which aie fai 
below the avei age i ange 

The wide spiead of the values of the same individual may suggest that 
the blood esteiase fluctuates lapidly and widely undei physiologic conditions 
and theiefoie may have little clinical significance Since this suivey was done 
on hospital patients, the alternative possibility had to be eonsideied that the 
fluctuation of the values paialleled in some way the change in the patients 
illnesses Thus it became advisable to deteimine the blood esteiase level m 

From Uie Medical Research Laboratory of the Veterans Adminlstiation Hospital Fort 
Logan Colo and the Department of Medicine of the University of Colorado School oi 
Medicine Denver Colo 

Published with permission of the Chief Medical Director Department of Medicine 'injj 
Surgei> Veterans Administration who assumes no responsibility for the opinions expresse 
or conclusions dra-wn by the author 

Recehed for publication March 15 1949 
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SERUM ESTERASE VALUES IN 150 UNSELECTED PATIENTS 
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healthy contiol peisons This was done lu five individuals who weie fol 
lowed with seiial estimations oici peiiods up to thuty days It was found 
that each test peisoii iiiaiiitamed a lathei constant seiuni esteiase level, al 
though the diffeieiit individuals showed difteient degiees of eiizjanatic ac- 
tivity in then seiiim, all of them weie, howevei, well within the aveiage 
laiige Fig 2 denioiisti ates the seium esteiase levels of thiee iioimal indi- 
viduals during a ten-day peiiod In aiiothei senes the effect of absoiption 

MICROMOLES 



Fig 2 

and digestion of a fatty meal upon the iioimal seiuiii esteiase level was de 
teinuned by hoiiily estimations ovei an eight-hoiii peiiod No significant 
fluctuations iveie found Thus the stability of the seiiim esteiase in health 
appealed to be established 

"We pioceeded to con elate the clinical diagnoses of oiii patients with then 
blood esteiase values At the same time all those patients iveie selected who 
showed an enzymatic activity of less than 10 mici omoles phenol This lei el 
Avas set dibitiaiily in the hope that an analysis of values fai below the avei 
age might yield positive lesults and leieal some clinical condition associated 
Avitli 01 even lespoiisible foi such deeiease of enzymatic actimty of the seiinn 
A tabulation of the clinical diagnoses of oiii 150 patients is given m 
Table I The pathologic conditions lepiesented in this senes lepiesent eaidio 
vasciilai distill bailees, gastiomtestinal diseases, tiimois, chioiiic piilmonaiy 
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diseases sucli as tubeiculosis, pulmonaiy fibrosis, and biouchiectasis, acute 
mflammatoiy conditions, livei diseases, ehionic pancreatitis, diabetes, thyioid 
diseases, arthritis, and a few miscellaneous conditions as fiacturcs seveie 
burns, bilateral polj cystic kidneys and pyelitis \vith the differential diagnosis 
of amyloidosis Twentj se\en of these patients showed a seium esterase value 
below 10 micromoles at a single determination oi several deteinimations 
Fifteen low %alues weie found in the gioup of bvei diseases, that is, moie than 
half of this group was in the low range Twelve more low values occurred 
in other pathologic conditions four in chiomc pulmonary diseases, U\o in 
gastiointestinal diseases, and one each m the tumor group, in the cardio\as 
cular group, and m the diabetic group The thiee remaining low values weie 
found m the patients ivith severe bums bihteial polycystic kidneys and 
chronic pyelitis with possible amyloidosis 


Table I, The Dugnoses vnd the Distribution of Low Serum Esteb.vse V vlueb 
IV 150 Unselected Patients 




NUMBER OF PATIENTS 



SERUM ESTERASE 

DIAGNOSIS 

total 

ABOVE 

10 micromoles 

BELOW 

10 MICROMOLES 

Lwer disease 

28 

13 

15 

Cardiovascular disease 

14 

13 

1 

Chrome pulmonary disease 

30 

26 

4 

Qastromtestuial disease 

18 

10 

2 

Acute indammatory condition 

8 

8 

0 

Malignant tumor 

10 

9 

1 

Neuropsychiatnc condition 

11 

11 

0 

Chronic pancreatitis 

5 

5 

0 

Diabetes mellitus 

11 

10 

1 

Thyroid disease 

4 

4 

0 

Vrthritis 

5 

5 

0 

Miscellaneous (fractures severe 
bums, bilateral jpolycystic kid 
neys, amjloidosisf) 

0 

3 

3 


150 

123 

27 


An analysis of the case histones of these thirteen patients with e\tia 
hepatic diseases showed the following the four pulmonary patients had far 
advanced bronchiectases (tiNo) or pulmonary tuberculosis, thiee of them had 
just undergone chest surgery when the low values were obtained, all four 
were in poor nutritional state The two gastiointestinal patients had peptic 
ulcers with acute complications due to pyloric obstruction in one and per 
foiation "With peritonitis in the other Both patients had seium esterase \ alues 
abo\ e 10 micromoles in the postoperative recovery phase The cardiovascular 
and the diabetic patient had enlarged li\ ers hut the usual In er function tests 
had failed to show any abnoimahty The patient -with tumor was suffering 
from Hodgkin’s disease and "was under treatment ivith nitrogen mustard 
when his serum esterase was determined Only one single estimation had 
been done in this patient In these patients as well as m the one avith e\ 
tensive bmns and the othei with the differential diagnosis of amjloidosis 
it seems doubtful whethei the low seium esterase levels can be ascribed to 
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then 01 gall disease oi aie due to some geiieial metabolic luvolvenicnt The 
great majoiity of patients with eai diovasculai diseases, pulmoiiaiy conditions, 
timiois, iilcei disease, and diabetes mellitus had seiiiin esteiase levels well above 
10 miciomoles It should be noted also that none of the live patients with 
chionic panel eatitis had shown a low seium esteiase activity, one patient 
in this gioup had undeigone a subtotal paiicieatectoiny 

Thus, it appealed that only the gioup with livei diseases was chaiac- 
teiued in the ma 3 oiity of eases bv a low level of seiuni esteiase A difteiential 
diagnostic bieakdown of this gioup shoived sixteen cases of poital cuihosis, 
five eases of infectious hepatitis, six cases of cholangitis, cholecystitis, and 
cholelithiasis, and one case of bihaiy xanthomatosis (Table 11 ) The low 
imlues weie confined to ciiihosis of the hvei and to the one case of biliaiy 
xanthomatosis In two instances of livei eiiihosis, wheie the diagnosis had 


Table II The Dippefestlse Diaoxosis axd Disikibutiox oi Low Sefum Estervse 
Vaiues is 28 Patifms With Livlk Disl-ISE 



j EUMBEll OP PATH STS 



1 SFBUM ESTFRASE 



jVBOVP I 

BELOW 

DIAGNOSIS 

TOTAL 

10 MICROMOIFS 

10 MICROMOLES 

Portal cirrhosis 

16 1 

2 i 

U 

Biliary xanthomatosis 

1 

0 

1 

Infectious hepatitis I 

5 

5 


Cholangitis / choice} stitis 1 

6 

6 

0 


28 

13 

15 


been established by histoiy, clinical findings, and the usual livei function 
tests, the sei uni estei ase levels wei e above 10 — in one instance 12, in the othei 
16 2 and 18 Out of the fifteen cases with low levels, the usual livei function 
tests such as eephalin flocculation, thjnnol tuibidity, total seium pioteins, and 
albumin-globulin latio had heeii clone and had confiimed the diagnosis iii thiiteeii 
instances In one patient the difteiential diagnosis of infections hepatitis had 
been entei tamed foi some time liut while the jaundice was dealing he developed 
ascites, low blood piotems, and a icveisal of the albumin-globulin latio and theie 
could be little doubt that the infectious hepatitis was supei imposed upon a 
ciiihotic piocess The seium esteiase level had been low since his admission 
to the hospital The second patient was m eaidiac failuie, the Iivei was laige 
and haid, no livei function tests had been done, the seium esteiase level was 
low and deci eased pi ogi essivdy The day piioi to his death we found an 
activity of only 0 96 niieiomole phenol in his seium, the lowest of all oiii 
values The autopsy revealed in addition to othei findings a fai-advaneed 
ciiihosis of the livei Fig 3, h demonstiates the individual values obtained m 
all patients with livei disease 

A diiect lelationship betueeii couise of the disease and the seium esteiase 
level nas found m seveial othei patients Two othei patients with ciiihosis 
died duimg the peiiod of oui investigation, both showed piogiessively decieas 
ing esterase values and again the lowest levels weie found shortly prioi to death 
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On the otliei hand, lu patients who impiovcd undei medical management, the 
seium esteiase incieased gradinllj and paiallelcd the mipio\ement of the usual 
live! function tests and the geneial condition of the patient 

The a\ciage value foi all levels obtained in cuihosis of the li\cr is 9 5 
miciomoles phenol Such a%eiage may bo of little impoitance foi differential 
diagnostic clinical iiiu poses because of the sjiread of the individual values 


Jr 


MICROMOLES 

PHENOL 



DIABETES 

MELUTUSj 


FIff 

It demonstrates, howevei, a significant diffcience fiom the average value foi 
health} persons diabetic subjects, oi patients with chionic pancieatitis in 
whom it lies between 16 and 19 miciomoles 


COMMENT 

Gomon^ found the seium estciase actuity langiiig between 14 5 and 
412 miciomoles per cubic centimetei in his senes of fift> one unselected pa 
tients The majoiity of oiu ■values is well within these limits Gomoii did 
not tjive a list of the cbuical diagnoses of his patients nor did he indicate 
the range of fluctuations of enzymatic activity in the seium of the same in 
dividual at lepeated examinations While these \aiiations have been ex 
tiemely wide in many of oiu patients vve have found that in health the 
sei inn esteiase lev el tends to be i ithei constant 

A maihedl} low esteiase activity iii the seium of patients with chronic 
livei disease has been lepoited hy a mimbei of othei investigatois ^ ^ These 
studies weie done with diffeient methods, the stalagmometric or the acid 
titration piocedine ruithei investigations will have to show whether tlie 
esterases deteimined bv these pioccdiucs aie identical Lagerlocf found that 
the level of the senim estciase is not altcicd hy pancieatectoiii} and postulated 
that this enz}me originates in the Iivei Oui own obsciv ations aic in 
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agieement with his findings While chionic pancieatic disease such as chrome 
pancreatitis and pancieatic scleiosis with steatoiihoea was not associated 
with low seium esteiase values, such decreased enzymatic activity was present 
in almost all of oui patients with chiomc and extended par enchviuatous livei 
damage 

Oiu senes is too small to oftei the seium esteiase estimation as anothei Inei 
function test oi as a diagnostic test foi ciiihosis of the livei Most of oui 
patients had far -advanced disease and we do not know jet whethei sigmfi 
cant changes in the seium esteiase can be detected eaily enough to be of di- 
agnostic help and to supplement the aheady huge batteiy of livei function 
tests 

In view of oui observations of low seium esteiase levels in a few patients 
with chionic pulmonaiy disease, it is of interest that Paiaf and associates, “ 
working with the stalagmometiic method, lepoited a diiect relationship be 
tween seium esteiase levels and the seventy of pulmonaiy tuberculosis An 
analysis of the values of all oui pulmonaiv eases, howevei, did not leveal such 
relation We found low values in only foui out of thiity patients, thiee of 
them had just iindeigone scieie thoiaeic smgen It seems that then general 
condition, possibly an involvement of livei metal olisiu, was responsible foi 
the decrease in the seium esteiase actuity and not the undei lying pulmonaiy 
disease 

Nothing IS known about the physiologic function of the seium esteiase 
detei mined with the descnbed method Oui obsei vations, howecei, seem to 
indicate that this enzyme is piesent in the blood of healthy individuals at a 
lathei constant lecel that it is not iinolved in the piocess ot absoiption oi 
digestion of fatty uutiients and that it is not i elated to the fat splitting en- 
zvme of the pancneas 

SUMMAKV 

1 The Goinoii method loi estimation ot the seium esteiase was used foi 
the examination of the sei urn of 150 unselected patients and a gioup of noimal 
individuals 

2 Under physiologic conditions this esteiase seems to be pieseiit in the 
sei um at a i athei constant Ie\ el 

3 Under pathologic conditions, mainly in achanced ciiihosis of the livei, 
this serum esteiase is significantly deei eased 
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A n AUIOSPHERL oI uicreastd CO 00110011111111011 has betn pioied manj 
times to he an impoitant faetoi 111 stimulating the growth of a number of 
liacteria The use of candle jars is one of the simplest means of obtaining addi 
tional CO and was the method emplojcd foi several >iars hi the Geoigia De 
partment of Public Health This method had many disadi aiitages which weio 
especnlly eiideiit 111 the cultintioii of blood specimens for Brucella organisms 
These specimens weie e\ainiucd weekly ind the negatiie ciiltmes incubated foi 
foui weeks The lou„ iiicubatioii peiiod necessitated the use of man) jars the 
lniidlin„ of which was time consuming and the additional moisture fiom the 
candles cncouiaged fiiii„ous contaminants A concentration of 5 to 10 pei cent 
COj has been shown to pioduce optimum oiowth of Brucella abortxis^ Smeo 
the CO concentrations 111 the candle jars were usually less than this level and 
also quite vaiiable, some douce was needed to simplify and improve this method 
The device had to be simple to operate, efficient and laige enough to aceommo 
date both the Biucella cultiues and those of other organisms requiring in 
creased CO atmosphere 

Various methods have been used by other laboratories Large air tight 
cans or jais have been fitted with special outlets so that the desired percentage 
of ail could be removed and replaced with COj After addmg the CO , these 
tins 01 jai-s were incubated 111 an ordinary air incubitoi Special incubatois 
have been constiuctcd such as the iioiivciitilatcd ‘ ' capneic incubator This in 
cubator is filled by means of a rotameter, with a measured mixture of gases 
producing the desiied atmospheic j\jiother procedure is the use of a regular 
air incubator uito which a very small amount of CO 2 is allowed to flow con 
staiitly This lattei method is very inaccurate as the percentage of CO in the 
incubator is unknown Oui plan was to pass a measured amount of CO into 
an ordinal) air incubator once a day and then by testing samples of the in 
cubator air at houily uiteivals to determine the decrease m CO over a twenty 
four hour period By this method we hoped to arrive at the amount of CO 
which should be added once a day to give an atmosphere of 5 to 10 per cent 
during most of the following twenty four hours 


troni the Georgia Department of Public Health Laboratories. 
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LONSlRUCilON \ND Ol'IRAlION 

An au mcubatoi'' ^^as selected The two lowci \entilation outlets on each 
side ueie closed iiom the inside with coik stoppeis and a two-hole lubhei stop 
pel was placed in each ot the two top outlets One hole in each ot the stoppeis 
was lett open ioi centilation, and in the othei two holes w'eie placed glass tubes 
ioi the addition ot CO. (Fig 1, A) and toi sampling the ineubatoi au (Fig 
2,L) 

We use tlie Lniuid Caibonic Coipoiation’s Medical Caibon T)io\ide cvhiidei 
with a legiilatoi made lie the same compaiic, but piesiniiabh aiic Ape CO. 
cclindei with a sciew' \alve icgulatoi would be satislactoiv The usual dial 
gauge found on these legulatois is not shown in Fig 1 Such an nidicatoi is 
unneeessaic as it does not icgistci less than 5 pounds piessnie Vahe E is also 
unnecessaic except in the initial opening and checking ot the legulatoi, m 
loutine use it is kept open at all times 

When CO. is to be added, the c'^lindei vahe (f^) is opened all the wa\ and 
the seiew \ahe (Cl is eaiefullj closed until the desiied piessuic is obtained 
This piossuie is measuicd In melcu^^ in a U tube (D), the open side ot winch 
IS inaiked ni tiactioiis ot an inch This U lube is connected to the legulatoi 
bi a T tube, the othei side of which is connected with the glass tube (A) that 
takes CO; into the incubatoi The U tube is suppoited in a laige plugged test 
tube that is clamped to the legulatoi (Tins clamp is not shown in Pig 1) 

The appaiatus toi measuimg the peicentage of CO; in the incubatoi is 
a homemade modihcation ot an Oisat gas appaiatus (Pig 2) Samples ot 
gas aie taken thiough a tube (L) at saiious lecels in the incubatoi, the ciuan- 
tih ot the samples being conti oiled In clamp II With clamp II open and 
clamp K closed, the gas is biouglit into the biiiettc (T) This buiette is made 
fiom the bulb of a 50 ml inpette attached to a long glass tube The tube is 
ealibiated in inilliliteis and the total measuiable capacity ot the buiette is de 
tei nulled (in this appaiatus fiom X to Y is 58 ml ) By means of a leveling 
bottle (N), the buiette is filled wnth distilled watei, to which has been added 
2 diops of eonccntiated H.yO^ and sufficient methjl led to show that the watei 
IS acid at all times The absoiption gas pijiette (M) is made by attaching the 
bulbs tiom two 100 ml pipettes and filling the absoiption compaitmeiit with 
pieces of glass tubing To the ciooked neck of the expansion compaitnient is 
attached a gas expansion bag, in this case made tiom a small funnel coieied 
w'lth iiibbei fiom a iiibbei gloce {It) The pipette is filled with appioximately 
80 ml of 50 pei cent KOPI 

To make a leading of peicentage CO; with this appaiatus, the KOH is fiist 
biought up to ir bi loweiing the lexeling bottle below the tabletop w'lth II 
closed and K open When the KOH is at IF (a point about micAvav between 
the bulb and the lubbei tubing) K is closed Then by opening II, the buiette 
is filled and emptied twice with gas fiom the incubatoi, to lemoie any gas left 
fiom pievioiis tests About fi\e minutes is allowed aftei each of these filhngSi 


’Thelco Piccision No 6 rioctric incubatoi No 1485 large 
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tlien the sample (58 ml ) of au is earefullj talen loweiiiio the watci fiom 
-X to 1 The tube is allo^^ed to diaiii foi oue minute, then the ^\atel in the 
bottle and that in the tube aie ic\eled at 1, and If is closed K is opened 



Fig I Apparatus for adding carbon dioxide to the incubator 
(As used routinely) 



Fig 2 Apparatus for testing corbon dioxide content of the incubator 
(Used only while determining amount of CO^ required) 

and the gas m foiccd into the ^as pxpette (1/) b\ laisiiig, the lc\elinc liottk 
until uatei icachcs X This foiein^ of the i»to tlic pipette is lepcited si\ 
times, ^\lth caic tal en not to fomc hubhlcs thioUoh the KOII Aftci tlic sjxtli 
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absolption the KOH is biought again to the point IF, and K is closed The 
tube IS allowed to diam one minute, then the watei in the bottle is leveled ivith 
that in the tube and a leading is made The numbei of cubic centimeteis of 
water above the maik Y repiesents the quantity of CO^ absoibed fiom the 
sample of gas This is tiansciihed from milliliteis of CO„ in 58 ml of gas to 
percentage of CO„ in the incubatoi at the level and time tested 

As in woilnng with any Oisat gas appaiatiis, seveial precautions should 
be obseived When fiesh watei oi fiesh KOH is added, an is foieed thiough 
the appal atus several times so that all dissoluble an will he dissolved by the 
liquids befoie any test is made Periodically the absorption of the gas hv KOH 
is checked by foiciiig the gas being tested into the pipette seven to eight tunes 
and eompaimg that leading with the reading made aftei si\ absoiptioiis In 
no instance was this highei than the leading aftei six absoiptions 

ADDITION OF GO; 

The gas-measniing appaiatus was used to deteimme the amount of CO, 
lequired to give an atmosphere of appioximately 5 to 10 pei cent in the mcuha 
tor over the longest piactical peiiod One hnndied and thntv-nme readings 
weie made The fiist few detei mined what peicentage of CO, would be obtained 
by holding the meicuiy column at different heights for vaijing lengths of 
time Then several tests were made to detemine the appioximate drop in CO, 
duimg the fiist few hours These tests showed that if approximately 20 per 
eent is added there will he a drop to appioximately 12 per cent in three hours, 
and then the decrease will he maikedly less and moie constant With this ten 
tative information it was decided to add 1 in meicuiy of CO, foi foui and a 
fouith minutes Seveial senes of houily readings were made starting fifteen 
minutes after the addition of CO, and extending for twentv-foui hours The 
average percentages obtained are shown in Pig 3 In thiiteen senes the average 
initial peicentage of CO, was 19, and houily readings foi the next thiee hours 
were 14 6, 13 1, and 11 7 pei cent respectively At this point the late of decrease 
level to only 0 35 per cent pei horn for the next twenty one houis tested, leaving 
4 4 per cent CO, in the incubator at the end of twenty-foui horn's Variations 
fiom these averages were small In all the readings for the last twenty one 
hours, the highest deciease in CO, pci houi was 0 5 per cent and the lowest, 
0 2 pel cent Although there was consider able fluctuation of the meicni}^ column 
at vaiious times while adding the CO,, in no instance was there a variation of 
over 1 7 pei cent in the incuhatoi fifteen minutes after the addition, and at 
the end of three houis the variation was nevei over 0 5 per cent Piom these 
readings it may be concluded that aftei adding 1 in meieury of CO; foi 
foui and one-fouith minutes the incuhatoi tested will contain approximately 
117 to 4 4 per cent CO, foi twenty-one hours This concentration xange is 
apparently favorable to the growth of BruceUa aboihts and to most of the 
other oiganisms that leciuiie increased CO, tension 
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The readings, as lecorded in Fig 3, were of samples of an taken fiom the 
middle shelf ol the incubator Two senes iieie obseived houilj on samples fioiii 
the lowest shelf and thej shoiied approximately the same peicentage as the 
middle shelf An f i om the top shelf also was tested in the same maniiei , 
the initial readings, fifteen minutes aftei addition of CO , were approximate!) 
4 per cent lower than those of the middle and lowest shelves, but after one 
hour the percentages were the same Three series also were done on a candle 
jar, the initial leadings, five minutes aftei the candle stopped burning, weie 



3 — Rate of CO* decrease In the Incubator after adding 1 in mercury of CO* for 
four and a fourUi minutes (incubator kept closed) These are the a^erage3 from thirte n 
scries of hourly readings 


31, 31, and 2 8 per cent The pcrcciitngc of GO lu the jar showed a stedd> 
deciease to a fraction of 1 pei cent at the end of twentj four hours but woik 
was not done to show what the deciease m the jai would be in the piesencc of 
Brucella organisms or contaminants 

Routinely, CO is added at about 4 00 i ai and the incubator doors are 
kept closed until 2 00 p m the following daj, at which time the transplants and 
examinations aie made If for any reason the doors must be opened in the 
morning a small amount of CO may be added so that the incubator will not be 
Without CO foi the remainder of the daj Befoie each addition of CO the 
incubator doors sliould be opened to rcmo\e anj CO left from the pie\ious 
addition Addition of CO does not alter the incubation temperature 
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CULTURES 

Eight stidins ot Bi ahoitus weie used and tvienlv eight compaiisons made 
to show the difteience in giowth in candle jais and the CO, iiiciibatoi Some 
of these stiaiiis vveic lecenth isolated and otheis had been on aitificial media 
foi seveial months Bottles of Tivptosc bioth weie inoculated and incubated 
ioi foitv -eight to seventv-lwo houis, then tno sets ot decimal dilutions neie 
made thiough twentv tubes on each cultuic One set was incubated in the CO, 
ineiibatoi and the othei in candle jais Obseivations foi tuibiditv weie le- 
coicled at the end of toi tv -eight houis Attei that time, accuiate compaiisons 
could not be made because in most instances tubes in the incubatoi showed 
heavv giowth thiough the twentieth dilution In seventeen of the tvventv eight 
compaiisons the candle 301 s wcie used as in loutine Biucella cultiiiing, tliat is, 
the candles weie lighted when the tubes weie fiist placed in the jais and the 
3ais weie not opened until attci foitv eight houis ot incubation (Pig 4) A 
second gioup of eleven compaiisons was made 111 which the candles weie le 
lighted at tvventv -foil! houis (Fig 5) 

In both gioups the ineuhatoi appaicntlv gave bettei giowth than the candle 
3ais, but the difteieiiees weie much moie evident when the candles weie not 
lelighted The aveiage difteience in giowth 111 the incubatoi and the 301 as 
used loiitiiielv (Pig 4) was appioximatelv nine decimal dilutions moie 111 the 
incubatoi, with the gieatest difteience being nineteen tubes and the least foui 
tubes When the candles vveie lehghted at tvventv -ioui houis, tlie aveiage 
dilfeienee in eleven compaiisons was tom decimal dilutions moie in the incu- 
batoi In foul instances the compaiatne giowth did not cliffei moie than one 
tube, and 111 two instances the incubatoi piodiicecl giovvtli in ten decimal dilu- 
tions higliei than the candle 301 (Fig 5 ) 

Foi seventeen months all cultuies foi Biucella and then tiansplants have 
been giown 111 the CO_ inculiatoi Duiing this time Biucella organisms have 
been isolated fiom fiftv-six specimens Fiom one hundied and eight blood clots 
cultiiied fiom ninetv thiee jiaticnts liaving positive agglutination leactions 
with Biucella antigen tvventv positive cultuies weie obtained Ten ot these 
weie B> (ihoitus, nine, Bi sins, and 1, unclassified Pioni seventy six special 
bottles containing ciiltuie media® sent to plivsicians toi whole blood specimens, 
fifteen Bi ahoitus and tvventv -one B) cultuies weie isolated Dining this 
loutine use of the incubatoi, mold contaminants weie obseived veiy laiely 
These contaminants had been cpiite pievalent m cultuies kept m caudle 301 s foi 
seveial weeks 

Befoie using the CO_ incubatoi foi loiitinc cultivation of gonococci, sevcial 
senes of duplicate plantings weie made fiom eeivical specimens in oidei to 
compaie giowth (numbei and size of colonies) obtained 111 the CO. incubatoi 
with that m candle 3ais Ciowth was appioximatelv the same, and ui no m 
stance was a eultnic positive in the candle 3ai and negative 111 the CO. incubatoi 
Since these compaiisons ]iiovcd satisfactoiv the CO. incubatoi was put into 
loutine use foi gi owing all gonococcus cultuies and has been used satisfaetoiib 
I01 seven months Otbei miscellaneous cultuies (stieptococei, Ilemoplnlus 
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Jlucnzac, uui iitieptoh(«,illu}, moniUfoimt^) hive been „io\\u suteesslulh m the 
iiieubatoi Foi loutnie eultmc noil it his ino\t(l to be coii\cnieiit and inc\ 
pciisue to Opel ite 



10^.2 J ^ ^ .6 7 $ .9 JO ^ ^ > -17 ^9 .30 

D elul SU M«a Shoiief Irti act T Crortt 


Fiff 4 — Coiupirathe groutli of Bt aboUua in broth Incubated In the CO incubator and 
In candle jars (Jars not opened until iftei fort> eight hour*?) Croutli ia record 1 at fort> 
eight hours 



Blfb« t D olMl SlluClas Sl>0wl«f lrld«ao« t Crortii 


FJff 5 — Oonipiratlve growth of Br abortus in brotli incubated In tlie CO incubator and 
in candle j ir (candle*? lellghtel aft r tuent\ f mr houis) (jro\tli is iccoricl at foitj eight 
hours 
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REESE, AIOERIS, AND SUNKES 


SUMMARY 

The couveision ot an oidinaiy an mcubatoi to an incubatoi ^vith a meas- 
uied incieased CO, atmospheie has been deseiibed The conveision and stand 
aidizataon weie simple and lequiied only inateiials found in the usual baeteiio 
logic laboiatory Aftei adding 1 in ineicuij of CO^ foi foui and a fouith 
minutes, this incubatoi maintains an appio\imate peieentage of 117 to -14 
pel cent of COo for twenty one houi-s and has pioved to be moie efficient than 
candle jais foi giowing B) aboitus and othei oiganisms lequuing an incieased 
CO_ atmospheie It is efficient, easy to opeiate, and piactical toi daily use in 
diagnostic laboi atones 
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S Brim, A Methods of Isol itioii and Iiiculencc of BruccII i Tjpes in Georgia To he 
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A PH0T03IETEIC JIODIFICATION OP THE HyPOBRO’^IITE 
METHOD FOR NONPROTEIN NITROGEN 

D A Fee, M D , Dolores Crugek, B A , ivd H B Collier, Ph D 

&\SK/lTOON, S ISK VTCIIEU IV, ClNADl 

R APPAPOHT and Eicldioin* hne ifccntJy published i npid titiimetiic 
mierometliod for the determination of nonprotein nitrogen, based upon the 
lOTobroniite leaetion they eliini e\eellent agreement «ith the lesiilts of 
micro Kjeldalil analjses The application of the hj’pobiomite method to the 
dcterniinatioii of urea in blood and iiiiiie has been discussed bj Peters and Van 
Sljke,* wlio pointed out that uiea does not react quantitatively with the le- 
agent, and that imnionia uiie acid and cieatinine do react to some esteiit 
Tims good results in the determination of uica depended upon a balancing of 
errors 

In a pieliminary examination of the Rappapoit and Eiehhorn method foi 
nonpiotein nitiogon in blood filtrates, we found that urea reacted quaiititativ elj 
ammo acids gaxe consideiablj greatci than 100 per cent recoierj and cieatinine, 
uiic acid or adenine much less than tlieoietical recovery of total nitrogen 
Titration of actual blood filtrates gave values corresponding to 93 to 94 pei 
cent of the total nitrogen, as compared with micro-Kjeldahl analyses 

The present leport desciibes a modified proeeduie in which the libet ited 
lodiiie IS estimated photomotrieallj and in wluch reliable and pieoiso lesulls 
uc coiueiiieiitlj obtained 

METHOD 

The reagents were those descnbtd Kappiport ind Eiehhorn, unle’?t> modi/icd is 
iniiicuted below All reagent solutions were made up in redistilled uater or lacoliter 
nater in order to avoid tho povsihilit> of turbidity in the photometric anal\si» Vccurate 
volumetric flnsks and pipettes were used throughout 
Teagents — 

A Deprotetnt xng Solution Modified Vbraliaui on s reagent 

1 Deomxnatxng reagent Nineteen parts of boin, atid fluoride ini\tuie with 1 

p irt of bromine solution 

C reagents for Liberation of Iodine 
2 Pot i Slum iodide 10 per cent solution 

2 Hydrochloric acid, ON (18 per cent) equal volumea of concentrated hydrochloric 
iczd and distilled water 

Notes Potassium bromate was found most convenient for malcing up 
bromine solution B4, as suggested by Itappaport and Eiehhorn The deaminatmg 
reagent was found to keep for about tlireo Iiour<i after which it should be made 
up fresh The strength of this reagent should be adjusted by varying tlie pro 
portion of bromine solution B4 to borato fluoride solution Bo so tint the blank 
reading lies within tho most sensitive range of the photometer le, in the range 
do to 40 per cent transmittance 

From the Saskatctienan Cancer Commission the Saskatoon CU> Hospital and the Be 
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Received for publication Feb J/ 1349 


873 



874 


ITL, CKUGLK, VND LOLLIhH 


Pioceduie — 

1 Pipptte 0 100 nil ot tip oi \euou‘i blood into 5 00 ml of Abi ihiaiboii’s. depro 

temizing fluid Mi\ thoioughlj uid liltei (oi tentnluge) 

2 Into 1 25 ml volumotru fl'l'^k (outlining about 10 ml of iiator, pipette e\acth 3 00 
ml of the dear filtiate md 5 00 ml of deaiiiin iting reagent 

3 IV ut e\iifh ti\o minutcb uftei tlie iddition of the de imiiiating reigeiit ind then 
old 0 2 ml oi 10 pei i ent KI ind 3 ml of IS per cent HCl 



N P N, MG PER CENT 

hig 1 — Callbiation cui\c foi photoiiietric noninotein nitrogen estmmtlon The 'C'tlcal 
aivis lepipsentb diffeionces bttueen optic il deneit> of bienk and of unknonn Coleman Junioi 
spectiophotonietei at 475 miUimicions 

I Dilute to the maik with dibtilled water, imeit to mi\, ind re id at ome in the 
photometer 

5 Piepaie a u igent blink, substituting 3 mi of depiotemizing bolution for the blood 
tiltiate in (2), and pioteed is desiribed 

6 Subtract the optie il density reiding of the blood ftltrite from that of the reagent 
blank, and, using the diffeience, lead oft the eomentr ition of nonpiotein nitiogen from the 
e ibbration cuive 

Noils lii proeeduie (2) i tube i ilibi ited it 25 ml , such is the I'olin 
Malmros blooel sugvi tube, mae be substituted foi the \olumetne flask, a Poliii 
I\ u sug ir tube is not suitable 

(1^ In iddiiig the HCl, the tcdinieiin must uoid tiansfeiniig KI fioin the 
mouth of the flisk or tube b-<k into the HCl stock bottle on the tip of the pipetle 
This will turn the acid jellow 

(4) Filter photometers sueh as the Lumetron iiid Fishei hare been used, 
with the blue hltcis supplied We used a Coleniin Junior speetiophotometer, 
with 19 mm luiettes set it 475 nullumiroiis The w ive length setting is not 
critic ll, IS free lodme does not gi\e i sliaip absorption band 

(5) Is the c ilihi ition <ur\e is not lint ii abine 100 mg per cent, blood 
filtrates gi'iiig a e due iboee this must be diluted as iieecssare, and the deternimv 
tion repeated 
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( (ihbnition — A cilibiition iiu\l an is obtainul In usm^ a sciics of blood 
specimens witli nonpiotciii lutiOr^tu a dues up lo 100 ni^ pci cent Ite idin^^s 
A\cie made upon these as destiibcd and the ictual uonpiotein lutiOoeu uas 
accuiateh detennincd bA a mieio ICjcld dil pioceduie 1 oi the \aiious speci 
mens, the diffocnce m optical density betAAcen blank, and blood filtiatc aahs 
plotted agunst the nonprotein nitiOoCn of the Avholc blood ni milhoiams pei 
100 milhhteis 

The calibiatioii cuiie obtained uitli the Coleman Juriioi Spcctiophotometer 
lb illiistiated in Fio 1 The pioeision of the method is indicated b> the lesults 
of lephcate deteimmations ujion scpaiatc filtiates of the same blood, as pie 
stilted in Table I 


TABIV I PllOTOMFTtllC DETCRMIN VTIOV Ot NOVPItOTEIV NiTl OCEV IV HOI E BLOOD 
(Optic'll ilensitA reulin},-< m Coleman Tumor spectrojiliotonicter at 4(5 ni^) 


N P V U\ 
MICRO 
hJFLDAHI 
(MO PFP 
CFNT) 

BU\M 

rFADISO 

UEADINCS OP 
llbl LICVTB 
blOOI) 

FI LTK Ml S 

DirrrtiFsrE 

ilE-AN 

DIFFEKLSCl 

+ 

N P V 

.0 0 

0 lOS 

0 40J 





0 40o 





0 403 





0 400 





0 40 



4-5 



0 104 

0 002o4 




0108 





0130 





0110 





0 108 


53 0 

0 40S 

0 330 

0132 

0 00253 



0 330 

0 138 




0 33i 

0 131 




0 134 

0 134 




0 334 

0 134 


OS 

0 40S 

0 301 

0 107 

0 00247 



0 302 

0 1(36 




0 298 

0 170 




0 297 

0 171 




0 301 

0 167 


8^ 

I14G8 

0 Ju3 

0 -lu 

0 00-48 



0 2o9 

0 209 




0 25S 

0 210 




0 2oS 

0210 




0 239 

0 209 



Constant b\ mctlio] of lei t squares 0 00-49 


If a leliable inicio Kieldjhl method is not lAailablo the pioceduie mav be 
cahbiatcd Avith a staiidaid iiua solution although uiea giACs leadings about 
5 pci cent hi^^hci than blood ftltiatcs A\itli tquiAalent nitiogen tontents AYcir,!! 
out acciuatclj 200 nv chomicalh puie luea and dissohc in distilled A\atei 
lo 100 ml piAing a solution A\ith nonpiotein nitio^en loncentidtion of 93 3 mg 
pel 100 milhliteis Usin„ this solution taiiA out the slops of the pioceduie as 
AAith Avholc blood Picpaic i cdibiitiou (uiac b\ making sciiil dilutions ot 
this btandaid uioi solution 
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FEE, CRUGER, AND COLLIFR 


CONCLUSION 

The livpobioniite method foi iioiipiotem mtiogeii in whole blood has been 
modified m that the hbeiated iodine is estimated photometiieally, lathei than 
by titiation The method is standaidized by mieio-K^eldahl It affoids 
leadily lepiodneible lesults, and is much moie lapid and convenient than the 
conventional Folin-Wu deteimination 

RFFERENCnS 

1 Rappaport, F, and Eichhoin, F Rapid Titnmetnc Micromethod for Determination 

of Nonprotein Nitrogen, J Lab &Cli\ Med 32 1034 1030, 1047 

2 Peters, T P ind tan SUke, D D Quaiitit itive Cliiiit il Clieniiijtr^, lol 2, Jfethods, 

ed 1, Biltinioie, 1931, Williams L Wilkins Comp inj’', p 343 4 



ST^VNDAEDIZED REAGENT FOR THYjMOL TURBIDITY TEST 

J DL LA. HuIOIG \ M D , VND H VNS POPI ER, D , Ph D 
Chicvqo III 

T ut thj mol turbidity of Maclaj^aiP ^ lus been widely accepted as an hepatic 
test, howe\ei, the iioimal laiij^e iccoidcd bj diffeicnt investigators varies * ® 
The thjmol icagent is a supeisatuialcd solution Tins causes a \aiiation of the 
tliymol concentration in diffcient icagcnts piejiaied Tins is significant since 
the leagent becomes tuibid aftei a few da\s of standing at room tempeiatuie 
In tlie following, the enoi lesulting fiom the use of different thymol reagents 
IS evaluated and then thymol couccniiatioii is determined In addition, the 
prepaiation of a unifomi tin mol reagent is desciibed which is not subject to 
the mentioned eiioi 

METHODS 

Tho thymol turbiditj was deteriumtd following the original description,! 2 the cah 
bration bem^^ douo with barium sulfato according to Shank and Hoagbnd o The units re 
corded with this calibration are twice as high as those with the standard of Maclagan, since 
the barium sulfate suspcu^ion is wrongly ba:>cd on a 0 002 normal instead of molar barium 
chloride solution Inasmuch as tho values can be converted into each other by simple mul 
tiphcation or division by two tho units are easilj comparable if reference is made to the 
standard used 

For determination of the thjmol concentration in thymol reagents, the following 
method was adapted 
Scagents — 

1 Folm and Ciocalteq phenol reagent .11 
2 2 5N NaOH 

3 Thymol standard solution containing 60 mg of pure thjmol per liter 
StflTulord Curve — 

Exactlj 1, 2 3, 4 and 5 ml of the standard “olution. are transferred to 50 ml volu 
metric flasks Another flask is reserved for the blank Water is added to all flasks to make 
approximatelj a total volume of 25 milliliters Then 4 ml of 2 SN" NaOH solution, 
and slowlj, while shaking 3 ml of tho Folin Ciocalteu reagent are added The 
volume 13 made up to the mark with water and the readings are made after fifteen minutes, 
using a wave length of 620 millimicrons The blue color is stable for at lea t twenty five 
minutes 1 he curv e follow s Beer Lambert s law 
JlesiUts — 

For Determination of the Thymol Concenfrattort tn Maclagan s Heagent Tho reagent 
was diluted 5 ml to 100 ml and from this dilution. 5 ml were pipetted into a 50 ml volu 
metric flask and the color was developed as m the standard curve simultaneously with a 
blank and 5 ml of the standard solution In tweutj even thymol reagents prepared according 
to Maclagan on the same or different daja, the tlij^iol concentration varied from 89 5 to 117 

From the Hektoen Institute for Medical Research and the Department of Patholoey of 
Cook County Hospital and the Department of Pathology of Northwestern University Medical 
School 
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mg per 100 ml ot leigent The lueu) of tht thymol cone cutr'itioii «ub 102 mg pci 100 nil 
^Mtli a stand utl dcvntion ot ± 2 Thin tore, in the follmung experiments a eonceutration 
of 100 mg pel 100 ml ot leigcut \\ is stlci ted 

The influenie of the tin mol concentrition of the leigcnt upon turbnlity readings was 
deteinuned In meisunng the tuilndit} iisulting tiom using seicn diftcrcnt Macligm re 
igents of luring thxmol coiiiciitration toi four sera In geiieril, the tiirbidit) was pro 
portioiial to the eimientiation of the thymol in the reigent (Fig 1) In addition, the 
thjniol reagent with the highist tlnmol lomentrition \v is diluted with the birbitil buffer 
to produi e r om entr itmiis nf 05, 00 ind S5 pei icnt oE the reigent The turbidities were 
piopwtionate to the tlnmol i om entr ition 



Fig 1 — Relation between the tlnmol tuibiditv of four spi i and the thymol concentration of 

the leagcnts 


J Thymol Jleat/eitt TTith ( onstaut Thymol Concent} atioii JTas P}epar€d as Follows 
Because USB tlnmol nnv contain impurities whidi are not soluble m ethyl alcohol, a bulk 
imouut ot thjmol was dissolved m 95 pei cent ethjl alcohol, iml the insoluble material was 
removed bj ftltiation Cold water was added to the filtrite to precipitate the thjmol The 
eijstals were dnej on a desiccator under inlndrous calcium chloiide for two or thiee dns 
Then, an exactlj 10 pei cent solution of the dned thjmol in 95 per cent alcohol was prepared 
wluch serves as peimment stock solution The thvraol leagent is prepared bj transferring 
about 80 ml of the barbital buffer t prepared iciording to llnolagaui ^ but without thjnioi) 
to a 100 ml glass stoppcied volumetiic flask, and adding exactly 10 ml of the 10 pc*" 
aliobolic thvmol solution the thin oilv livei of thjmol is dissolved by sinking the 
MgoTDUslv for thirtv to si\tv seionds ind then more buffer is added to make to theinwl' ° 
oilj droplets must be seen in the neck of the flask In eighteen diffeicnt lots prepared from 
thiee different stock solutions on different davs, the concentration of thjmol was 100 mg 
1 If necessarj, a large volume of leagent mav be prepaied iccoulinglj 

Since in birbital buffers without thjmol an amoiphous precipitate maj eventually 
probablj because of tbo growth of mold or bactein, a stoik baibitil buffer solution with hi 
concentration of thymol which does not permit bacterial growth and winch is not super^ 
saturated was prepared as follows About SOO ml of the barbital buffei solution were 
transferred to a 1 litei volumetin flask, and 5 0 ml of the 10 per cent alcoholn tlivmo 
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solution ivcrc adJed The fla k u i then Imken an hefort and filled with buffer to tlie mark 
To prepare the tlnniol reagent Oo nil of the 10 per eent thymol stoek olution is diluted as 
described to 100 ml i\ith the buffer thymol solution The reagents prepare! bi either method 
can be kept at room temperiture and u cd until turbiditr dcTclop 

To ascertain whether the pre'^nce of 1 ml of eth\I alcohol per 100 ral interferes with 
the thymol turbidity test to ilifferent aliquots of ifaelagan s th\mol reagent 9o per cent 
ethjl alcohol wig added to produce an alcohol concentration of 1 2 and 3 per cent re 
peetneh The turbidity readings of different en. bj u e of the reagent mth 1 and 2 per 
cent alcohol did not differ from those obtaine«I with the original reagent, while in a few 
era a slight aberration was notice<l iiitli the 3 per cent alcohol reagent 

Using the alcoholic tJnmol lock solution a thymol reogent with thvmol concentration 
of 120 mg per 100 ml ms preparel which ig ibout 20 per cent more concentrated than 
mo t of ilaclagan s reagent Vs expected with tlics re'igent the turbiditv readings of 
normal and pathologic era uere lusher than with the original rcoigent Houever no ad 
ditional diagnostic benefit was ob erred from u iDo this modification 

DISCLSSION 

The thjmol tuihidit^ readings depend upon tlie thraiol concentration of 
the lea^ent uaed Since the latter \ines in ciew of the slight supci’satuiation 
of the reagent it naa not suipiising that diifeieiit lots produced diffeient 
leadings ivith the same seium Alcohol mcicases the solubilitc of themol in 
water and thus permits the piepaiation of iinifomih supersaturated thnnol 
leagents Since the tlmiiol reagent is not stable foi moie than two weeks and 
has to be prepared lepeatedh it appears adsantageoiis to use the presented 
modification bv usuig a stable alcohobe stock solution and a stable buffer with 
half concentration of thtmol which will gue a uniform thtinol coucentiation 
m anj batch prepared 

In addition to the neccssaiv staiidaidization of the calibiation (which 
takes into account the double unilagc rcadin„ if the published standaid oi 
Shank and Hoaglaud-’ is used) standardization of the thsmol reagent should 
assist 111 producing uuifonii results in the same laboiatoii and in different m 
stitutions 

SLUM IBS 

A modification m the piepaiation of the tin mol lea^cnt in Alaclagaii s 
thjinol turlndits test is proposed bv using a stable 10 pei cent alcoholic thvmol 
stock solution and a stable barbital buftci with one half thvmol concentration 
Lssiio this modified lea^ent the variations in the lesults due to diffeicnt thvmol 
concentiations in various batches ot the original thvmol reagent of llaelagan s 
aie avoided 
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VACUUJI SAilPLING TUBL FOB RBSPIBATOBY GAbCS 


G A ForSsSvuder, ^ID 

PmLVDELPIILV, Pa 

R apid repetitne sampling of respiiatorj gases is often necessan md in onr 
ONvn ease it has been needed foi estimation of cardnc output I or accmate 
eatmiatious a tube has been devised winch will m quick succession wash out the 
lustiumental dead space and collect the sample The tube was designed foi use 



He X 


With the Scholandei gas analysis appaiatus and has been found ^cry suitable, 
for the sample can be transfeircd dircctl> without the necessity of using the 
conventional transfer pipette thus elumiiiting a possible source of coutamma 
tion Bj inci easing the dimensions of the lube it is suitable for use with the 
Haldane gas analysis apparatus 

Prom the Department of PIij 1oIok> 'Unl\cr8lt> of P nii >l\anla MeCicnl School 
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Const) uchon — The tube is made ot glass and consists of two ban els, one of 
balt-mcb internal diainetei and 10 c e capacity to leceive the sample and the 
othei of qiiaitei-iiieh iiiteinal diametei and 5 cc capacity to leceiie the dead- 
space ail fiom the supply lines A twoway cock connects the lowei end of 
eithei banel to a lenath ot Tigon tiilnng (siipeiioi to lubhei since it does not 
leak iiiidei piessuie) yhicli leads to the meicuiy leseivoii Aiiothei cock at 
the iippei end connects eithei banel with the intake, which is fitted with a shoit 
length of stainless steel tubing, to which inaj’- be fitted the siiiall-boic polyyinyl 
tubing leading to the point tioiii which it is desiied to sample A piece of 
siiiiilai tubing, si\ inches long wuth conientional iiibbei tip fixed at the end of a 
shoit piece ot iiaiiow'-boie glass tubing, is used toi tiansfeiiing the sample to 
the Scholandei aiipaiatus The sampling tiilie, wuth its fellows, is siippoited 
111 a stand lathei like a laige test tube lack and is nine inches high 

Vode of Use — Befoie use, each banel is eyacuated sepaiatcly in the oidi- 
iiaij way, and the loliime ot the smallei band esaciiated can be waned with 
the length ot line to be cleaicd Sampling is then caiiicd out w'heii desiied b'v 
tuiiiiiig the uppei cock thiougii a complete lotation 

The \acuum sampling tube desciibcd has been devised foi opeiations in 
wliioli lapidly obtained uneoutaminated samples ot gas aie leciuiied, it also 
piovides a simplified and acciiiate method of tianstei ot gases to the Scholandei 
gas analysis appaiatus 

The tube was mide up in the Depaitmcut ot Plijsiologj, Uniiersitj of Peiiusjlvama, 
bj Mr J D Graham 



THE HEMATOLOGIC CHANGES INDUCED IN GUINEA PIGS BY 
THE PROLONGED ADMINISTRATION OP PTEROYL 
GLUTAMIC ACID ANTAGONISTS 


J \jiLS Innls, M D ,* Eliz \bftii JI Inni-s> M B ,t \nd C vbl V Moore, JI D 
St Louis, Mo 

A ntagonists of pterovl glutamic acid (fohc acid) are cuireiitly being 
eialuatcd as theiapoufic agents for the ticatment of leucemia and aic 
being u cd expciinientallj in attempts to studi tlie phjsiologic relationship be 
tween pteiojl glutamic acid (PGA) and the antipei melons anemia principle 
of In Cl Detailed information about the hematologie effects produced by PGA 
antagonists is needed as a Inckgiound foi these obseriations The espcrimcnts 
leported in this papei define the hematologic changes induced in guinea pigs 
by the prolonged admimstiation of foui diffeicnt antagonists An cailiei report 
desenbed the effects of lelatively laige doses of -i-amino pterojl glutamic acid 
(4 ammo PGA) and emphasized the stiiliing difference in the susceptibility of 
difteieut species of animals to the diug * In the present study, small doses of 
the \aiiou3 antagonists were used in ordei that clnonic lather tlnii acute 
changes might be induced Guinea pigs were selected because they occupy an 
intermediate position with respect to species susceptibility, and because the 
cytology of then peripheral blood and bone marrow is icmarkably similar to 
that of the human being 

I MATERIALS AND MLTHODS 

Except where otherwise specified idult guinea pigs ueiglimg about s^OO grams ^^e^o 
u'tcd Since the effects of PGA antagonists per se were being studied no attempt was made 
to influence the amount of PQ V available to tlie animals cither through diet or intestinal 
synthesis Lettuce and Purina Rabbit Chow were fed throughout the experiments An 
tagonists were administered by subcutaneous injection at intervals of twenty four hours 

Before injection of an antagonist was started each animal was observed during a 
control period of two to flvo days to cstabli li its normal range of weight and its peripheral 
blood values Throughout the time of drug administration, frequent determinations wero 
made of the red blood cell count, hemoglobin value reticulocjto percentage total and 
differential white blood cell counts and the platelet level For the roticulocjte and platelet 
estimations, Dameshek s platelet solution was used* Hemoglobin was estimated by the 
Eveljn method * 

Bone marrow was aspirated from the iliac crest of guinea pigs in quantities sufficient 
to allow the preparation of satisfactory marrow films V 20 gauge spinal puncture needle, 
comploto with stilette, was cut to a length of ono and one half inches The animals were 
firmly held, face down, with the hmd legs fully extended after shaving and cleansing the 
skin over the ihum, a small cut was made in the tough skin and the sterile needle introduced 

Investigation was supported by a research grant from the National Heart Institute 
United States Public Health Service 
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through the muscle until contact was made with the crest of the bone A boring moiement 
allowed the tip of the needle to enter the mirrow cn\it>, ao that on withdrawal of the atilette 
a small quantxtj of marrow blood and flecks could be aspirated into a 5 cc sjnnge The 
flecks were spread on •’lidea and <stained with Wright's stain In about 75 per cent of 
aspirations attempted in this maimer enough marrow was obtained for satisfactory exam 
inafion The operation appeared to cau^se little lasting di'^comfort to the animals and al 
tliough it was not felt desirable to repeat the procedure on the same side until at least ten 
dajs had elapsed, aspiration from the opposite ilium was carried out on the next daj in some 
animals where rapid changes in the marrow cvtologj were anticipated 

No guinea pigs were sacrificed during the investigation, though <«eTeral died from 
the effects of the drugs Autop \ was then performed as soon as possible and the weight and 
gross appearances of the organs were noted Fixed sections of liier, spleen, kidney, supra 
renal heart, and lung were made for microscopic examination 

(a.) The Penpheral Blootl and Bone Marrow of Normal Guinea F\gs — Normal values 
for the cellular elements in the peripheral blood of guinea pigs are summarized in Table I 
The tabulation includes data obtained bj other workers as well as tho'ie from the present 
im estigation. 

The marrow m health^ guinea ptgM is c> tologicall j similar to normal human marrow 
(tig 1) It has been described in detail Epstein and Tompkins^ figures given bj them 
for the differential counts agree essentiallv with those found for the normal animals in the 
present study Instead of reporting results m terms of differential counts however, it was 
decided to describe the alterations induced b) the PQV antagonists This was done for 
two reasons (1) careful descriptions of the appearance and distribution of the cell types 
probabl} convej a more accurate impression of any c>tologic change^, and (2) in the treated 
animals, primitive cells were often encountered which were difficult to classify with con 
Mption 

(b) The Pteroyl CJutamic tod -intagontsts Used — The chemical names of the four 
uitagomsts emplojeJ in this invcstig itioii and the svmbols wIiilIi will be used to identifj 
them arc tabulated below 

NAME SYiinOL 

I’tcrojl o-partic acid— ruoinip form Vnlolllt 

Ptcro>l ispirtic ntid— active foini Vn Fol At 

7 metlijl pteroic acid Met FolBt 

4 ammo pterojl glutamic acid \nunopterint 4 ammo PQ 

Eaili of the first three antngoiiisth was t,i\cu alone to some of the animals and m 
cunibiuatiou with 4 ammo PQA to others 

II KFSULTS 

Ptcloyl Afpaitic Acul — U — Tins compound was gueii to foui guinea 
pigs One inimal (Guim. i pi^ 1) leccivcd a daily dose of 20 mg anothci 
(Guinea pig 3) 10 mg and the othci two (Guinea pigs 2 and 4) 5 mg each 
Tlicse dosages weie continued for seventy foui seventy two sixty two, and 
fifty three days respectively No general ill effects were noted thioughout the 
cxpciiment the animals maintained their weight appetite and normal activity 
In all four animals a mild prolonged reticulocy tosis, langmg fiom 4 to 13 
per cent, developed after about ten days and continued for twenty to thirty 
days In thice annuals (Guinea pigs 1, 3, and 4) this reticulocy tosis was pre 

Supplied bj Uic Lcderle L-tbor itorles Division of the Vnicrlcan Cjanainid Company to 
whom the riutliors expre s their appreciation 

tNames u 0 I b> the Ledcrle L«iborulories to Identifj these compounds 
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ceded by a tail m the ei j tliiocytes to approximately 4 million per cubic milli- 
meter, followed by a spontaneous letuin to noimal levels Otherwise, no changes 



Fig 1 — Marrow of a normal guinea pig (X850) 



were noted in the peiipheial blood of any of the animals, the white blood cell, 
differential and platelet counts lemained within normal limits throughout 
Hematologic data for Guinea pig 3 are graphically recorded in Fig 2 
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Bone marroB aspiiatioii wai successful in tliice oi these animals (Guinea 
pigs 1, 2 iiul 4) at the completion of the evpciiment Apait fiom a slight in 
ciease in the orthochromatic and polj chromatic nomioblasts, no morphologic 
change was observed 

S Pteroyl Aspartic Acid — A — This opticalh active foiin of pteroyl as 
partic acid was administered to one animal (Guinea pig 5) in daily dosage of 
20 mg for sixty set en dajs No geneial ill elfects weie observed and the onh 
hematologic change obseiwcd in the peiiphcral blood was an intermittent polj 
morphomiclear leucocjtosis using to levels as high as 28,000 cells per cubic 
millimeter JIan-ow aspiration at the end of the evpeiinient showed no ah 
noimality othci than an increase in metamj eloet tes, band forms and polj 
morphonuclear iieutiophiles 

C 7 Methyl Pteroic Acid — Two animals (Guinea pigs 6 and 7) were given 
daily doses of 5 mg and 10 mg of this drug respectnelj Aftei fort} dajs 
the dosage was incieased to 10 mg and 20 mg dail) and continued foi an ad 
ditional twentj two da} s No geneial ill effects weic noted 

On the lower dosage both pigs sliowed a mild reticulocytosis, ranging from 
') to 8 per cent, winch appeared aftei seven da}s and continued for approvi 
inatel} twent} five da}s The led coipuscles remamed within normal limits 
duiing the expenmeut The total leucoc}te count in both animals rose within 
ten da}s fiom coutiol levels of 10 000 to 15,000 pet cubic millimeter to around 
20,000 per ouliie millmietoi and remained thus while the dnig was being given 
Tins slight increase affected both the gianular and nongranular forms The 
platelet v alues sliow ed no striking change 

Harrow aspnation was unsuccessful in these animals 
D i Aiimio Pteioyl Glutamic Acid — 1 ammo PGA was given to eight 
animals (Guinea pigs 8 to 15) in six of which (Guinea pigs 8 to 13) the effects 
of prolonged daily administration wcic obseivcd 

Thiee animals (Guinea pigs 8 to 10) received 0 25 mg daily for niuet} two 
sixt} five, and sixt} three davs respective!} Guinea pigs fl and 10 maintamed 
their weight and appetite tliioughout In Guinea pig 9 the red blood count 
had fallen giaduall} to 3 5 railiion per cubic milbmetei aftei sixty five da}s, 
but otherwise neither of these two animals showed any hematologic changes 
Guinea pi„ 8 maintamed its weight for sixt} foiii da}s on the 0 25 mg dose 
hut thereaftei lost weight steadilv and died on the ninety second dav During 
this whole period the led blood cells remained esseiitiall} normal About the 
fiftieth da} a leucoc}tosis of 23,000 cells per cubic millimeter developed because 
of an inciease m both neutrophilcs and l}mphocytes The elevated white blood 
cell count continued until the iimcticth da} though after the eightieth day 
It was accounted foi eiitiielv by a gianuloc}te increase, the ]}mphoc}tes fallmg 
shaipl} at this time In the teiniinal two da}S a diamatic fall occurred in the 
total white blood cells (from 24,250 to 2,350 cells per cubic miUimeter) and m 
the platelets (Pig 3) 

Harrow studies vveic made m the latter animal eight da}s before death and 
post mortem At the tune of the penpheial leiicocv tosis, the marrow showed a 
maiked inciease m metainv cloev tes band and seginented neutrophilcs (Pig 
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4, A) , although the led blood count at this time was normal, theie was a definite 
ineiease in pronoimoblasts and basophilic noimoblasts Megakaiyoeytes of 
noimal appeaiance weie seen Theie ivas also piesent a numbei of laige cells, 
of iiiegulai outlme mth nongianulai, pale blue-staming cytoplasm and large 
nuclei with an open ehioniatin netwoik and occasional nucleoli For leasons 
to be discussed latei, these cells weie consideied to be ‘‘letieulum cells ” 


QD Q Effects of ^ Ammo DGA on Penphoroi Qlood (Platelet counts not sho^n) 



In the post-moitem maiiow of the same animal (Guinea pig 8, Fig 4,5), 
mjeloeytes weie still piesent in consideiable numbei's but theie was an almost 
total absence of metamvelocytes and polymoi phonucleai gianulocytes The 
numbei of leticulum cells had definiteh iiici eased, then wide distiibution and 
the geneial cellulaiitj ot the maiiow could best be appieciated in fixed section 
(Fig 4,0 ) 

No abnoimalities of the visceia weie noted giossly at autopsy and no hemoi- 
ihages weie ohseived macioseopically On mieioscopic examination the Inei 
showed extieme fatty change aftecting the cential and mid-zonal cells of the 
lobules (Fig 4,D ) An aiea of lecent hemoiihage was seen in the medulla 
of one supiaienal In the splenic pulp the endothelial elements weie pioniinent, 
but apait fioni these findings the oigaiis showed no changes 

Thiee animals (Gumea pigs 11, 12, and 13) weie given piolonged daily 
dosage of 0 5 mg 4-aramo PGA 


Fig t — C\ilnca pig 8 I Bont' nmiTOW during peripheral leucoc>tosls (X8 0) C Bone 
marrow film after terminal Icucopenli (post mortem X8 0) 0 Bone marro\\ aectlon after 
terminal Icucopcnia (post mortem x8 0) D Liver (XI 0) 
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The fil-st of these lost weight and died m thiity-two days Dm mg this time 
its led blood cell count tell to 3 7 million pei cubic iiiillimetei and its leucocytes 
to 3,250 pel cubic milliiiietei, the difteiential count showed a reduction in both 
gianiilocytes and lymphocytes Theie was also a teniiinal diop in platelets 
At the time of death, the niaiiow ivas veiy cellulai and contained alaige niimbei 
ot leticiiliim cells The led cell piecuisois iveie decieased, and in the gianulo 
cytie senes there was an almost complete absence of segmented and band forms 
Myelocytes, howevei, iveie nuraeious, wntli basophile and eosmophile forms 
especially prominent Megakaiyocytes w'eie scanty Micioscopie study of tissue 
sections showed areas of leeeiit liemoiiliage and edema in the lungs and an in- 
crease m the endothelial cells in the spleen No fatty change was observed m 
the livei, and other organs examined showed no significant abnormalities 
The second animal (Guinea pig 12) was given 0 5 mg 4-aniino PGA foi 
foity-eight days, at the end ot which time it appeared to have suffered no general 
ill effects No changes were obseived m the peripheral blood other than a very 
gradual decline m the eiythioeyte level to 4 22 miUion per cubic niiilimetei 
The thud animal (Guinea pig 13 received the daily 0 5 mg dosage for 144 
days with no appaieut change in its geneial condition In the peripheral blood, 
a fall in erythrocytes to 3 03 million per cubic millimeter rn thiity-srx days was 
partly corrected by a subsequent reticuloeytosis which continued for thirty days 
and attained a maximum of 15 pei cent Tliereaftei, the red blood cell level 
remained between 3 5 million and 4 0 million per cubic millimetei until the 
one hundred sixteenth day While administration of 4-anriuo PGA was con- 
tinued, 10 mg PGA were then iniected daily foi fourteen day's, followed by 
5 U S P units of liver extract daily for an additional two weeks These sup 
plements caused no increase m reticulocytes, and the red blood cell count fell 
gradually to 2 9 million per cubic millimetei Up to this time (one hundred 
forty-fourth day) no change had occurred in the total or differential leucocyte 
count or in the number of platelets Marrow aspiration studies weie made on 
the one hundred sixteenth dav and one hundred forty -fourth day, le before 
and after the PGA and liver extract On the one hundred sixteenth day the 
mallow was very cellular and showed eiythioid hyperplasia with a laige 
numbei of pronoimoblasts and basophilic and polycliiomatic normoblasts The 
gianulocvtic precursors and megakaiyocytes appeared nomral A cousideiablc 
number of reticulum cells was piesent On the one hundred foity'-touith day, 
the marrow cytology was essentially unchanged (Fig 5,.i and B) 

In two animals (Guinea pigs 14 and 15) the effects of giving a large single 
dose of 4-amrno PGA were investigated 

Guinea pig 14, weighing 510 grams, received an injection of 20 mg of the 
compound No changes weie obseiwed nr its general condition oi in its pen- 
pheial blood during the succeeding fourteen days, aspirated marrow examined 
on the tenth day following the injection showed no abnormality A second 
injection of 20 mg produced the same negative result Doses of 2 mg were 
then administered daily for ten days, the white blood cell count fell to 5,500 
per cubic millimeter but there ivas little change in the red blood cell and hemo- 
globin lecels The dosage was next reduced to 1 mg daily toi thiitj'-two days 







Fig G — Guinea pig 14 4. Bone marrow before stopping 4 ammo PGA (xliOO) B Bone 

marrow twenty-four hours after stopping 4-amino PG4. (XlfOO) 


the nunibei of piouoimoblasts and basophilic and polycliioniatie noimohlasts, 
with no change in the white cell piecuisois oi megakaiyoeytes Reticulnm cells 
and plasma cells weie piominent (Fig 6, A) 

The second animal (Guinea pig 15, 830 giams) was given a single injection 
of -10 mg of 4-aniino PGA Obseivations ovei the next fourteen days levealed 
no general oi hematologic effects Doses of 4 mg daily weze then given foi ten 
days, and while no changes weie found in the peiipheial blood, the maiiow at 
the end of this time showed a decrease m the piopoition of eijdhroid precuisois 
with pionoimoblasts and basophilic noimohlasts oiitnnmbeiing the later foims 
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In the granuloeytit senes all stages of piecuisois Aseie piesent, though the pio 
portion of eailv myelocytes was mcieased Reticulum cells plasma cells, and 
lymphocytes weie numerous 

E i Ammo PGA and Pteroyl Asjmi he Acid — R — The combined effects 
of these two antagonists were studied m fise aninnls (Guinea pigs 16 to 20) 
Table II indicates the daily dosage of each diug, the diiiation ot administration, 


GP 16 Effects of Combined Dosea of 4 Ammo PQA ond 
Pteroyl Asportc Acd (Ci) on Per pherol Glood 



and the finding in the penpheial blood before iiid after the expeiimeuts In 
ill cases a general depression of ei\tluocjtes leucocytes, and platelets resulted 
A severe anemia developed in animals 16 and 19 and marked leucopenia in 
Guinea pigs 16 and 18 In both of the latter differential counts showed an 
almost equal reduction in giauuiocytes and lymphocytes Weight loss occuried 
ni Guinea pigs 16 and 18 thoUt,li animal 16 was the only animal in the seiits 
to die (Pig 7) 

^larrow examined at the end of dosage in Guinea pigs 16, 17, 19, and 20 
was cellulai in each instance There was an inciease in pronormoblasts and 
basophilic and polycluomatic noiTOoblasts with a diminution in oithochromatic 
normoblasts In the anemic Guinea pie, 16 the total erythroid elements weie 
leduced with pronormoblasts as the piedoininating type The granulocytic 
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l)recui-6or!j appeared normal e\cept for a maiked decicase in poljTiioiphonucle u 
leucocytes and band forms in Guinea pi^ 16 All four niairous showed mega 
kaiyocjtes of normal appearance Reticulum cells ucre nunieious in eiery 
instance 

Post mortem examination in animal 16 showed a laigc, pale li\er weighing 
24 grams and splenic enlaigement to about three times the normal size There 
were no signs of hemorrhage JIieroscopicalK there was a marked degree of 
fatty change in the li\er with vaeuolation of the cential and mid zonal cells 
of the lobules Endothelial elements m the spleen were prominent Othei 
organs show cd no significant changes 

F 1 Ammo PGA and Pteroyl Aspartic Acid — Active Form — Two animals 
(Guinea pigs 21 and 22) were gnen daily injections of 0 25 mg of 4 ammo 
PGA and 20 mg An Fol A 

Both lost weight, Guinea pig 21 died after twenty four days and Guinea 
pig 22, at the end of forty si\ days Peiipheral blood examinations showed a 
gradual decline in erythrocytes and in hemoglobin though at the time of death 
neither animal was severely aneniie (3 67 million and 3.39 million per cubic 
inilhmeter) The white blood coll count for Guinea pig 21 fell from an initial 
Mine of 18,000 per cubic millimeter to 7 500 two days before death the absolute 
numbei of lymphocytes decreased tiom 15 000 to 600 per cubic millimeter Un 
fortunately, no terminal white blood count was obtained Guinea pig 22 de 
y eloped a leucopenia (1450 per cubic millimeter) before death, the differential 
count shoyving a paiallcl fall in neutrophiles and lymphocytes Platelets re 
niamed virtually unchanged 

Marroiv examination at the tune of death showed in both guinea pigs a 
decided increase in tlie numbei of pionoimoblasts and early myelocytes The 
more mature granulocytic precursors yverc consideiably reduced and mega 
kaiyocytes yveie present though scanty Reticulum cells yyere numeious plasma 
tells and lymphocytes were found in more than normal numbers 

Necropsy reyealed no macroscopic signs of hemorrhage in either animal 
The liver was large in Guinea pig 21 (weight 23 grams), but slioyyed no liisto 
logic abnonnality Theie was increased endothelial activity in the splenic pulp 
of Guinea pig 22 No other abnormalities yyeie obsoned in either animal 

G i Alamo PGA and 7 Methyl Pteroic Acid — These two ant igoiiists yverc 
administered siinultaiicously to three animals (Guinea pigs 23, 24 and 25) 
Tile amounts, duration and effects on the peiiplioral blood aic sliowai in Tabic 
III 

All tliiee animals died Guinea pi„s 23 and 25 slioyviii„ marked loss of 
weight Leucopenia and tiironibocvtopcuia dcyeloped teiminally and theie 
yvas some depression of eiy tliiocytes in each pi„, tiie anemia in Guinea pig 24 
was severe Changes in the leucocytes followed a general pattern first there 
w as an increase m the neutrophiles and monoey tes wath no change in the ly mpho 
cy tes then a sharp fall occiiired in all three yvhite cell types (Pig 8) 

In Guinea pigs 23 and 25 the bone niarioyy became uniformly hypoplastic 
toi erythrocytic gianulocvtic md megakaryocy tic elements the most prominent 
cells w ere reticulum cells plasma cells, and ly mphocy tea Of the ery throid and 
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myeloid senes, the majoiity weie early forms pionoimoblasts and young myelo 
cytes The maiiow of the severely aneinie animal (Guinea pig 24) was actively 
cellulai and shoved an inciease in the pionoimoblasts and basophilic noirao 
blasts with lelatnely few more matuie forms Considerable numbers of very 
early myelocytes were seen together with bands and segmented neutiophiles, 

G P 23 Development of Leucopenia on Combined 


Dosage With 4 Ammo PGA and 
Methyl Pteroic Acid 



but the intermediate myelocyte and raetamveloevte stages were largely missing 
itlegakaiyocytes were of normal appearance In this marrow also, reticulum 
and plasma eeUs were numerous 

Macroscopic and microscopic exanrination of the tissues of these three 
animals shoived little of note except for endothelial pioliteiation in the splenic 
pulp and a moderate degiee of fatty change toward the center ot the liver 
lobules in Guinea pigs 24 and 25 

II Hematologic Recoveiy Fiom Fleets of Antagonists — The peiipheial 
blood and marrow changes which occurred when administration of the an- 
tagonist compounds was discontinued were obseived in six of the animals m 
Guinea pigs 13 and 14 after 4-amino PGA alone, and in Guinea pigs 17, IS, 
19, and 20 after combined dosage with 4-ammo PGA and An-Fol-R 

Hematologic recovery occurred with striking rapidity in each instance 
(Table IV) Pigs 9 and 10 show the detailed eoui-se of recovery fiom anemia 
and leucopenia in Guinea pigs 14 and 18 lespectivelj In every animal a re- 
ticiilocytosis was evident withm foitv-eight hours after the last injection and 
leached a maximum (amounting to over 40 pei cent in Giunea pigs 14 and 19) 
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G D 14 Spontoneous Recovery From Anemia After Stopping 
Ooeoqe With Fotic Acid Antoqomst 


Hb Qetics 
/ 



30 40 (Days) 


0 P 18 Spontaneoos Oecovery From Leucopenio After Stopping Dosoqe 
With Foiic Acid Antogonidts 


0 25 rnq 4 Ammo OG A ♦ 

50 mg Dteroyl AsDortic Acid (R) daily 



Lymphocytes 
» Polymorphs 


Monocytes | 
60 70 (Days) 
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TABLfc IV Periiheral Blood Findings Before and Aiter Stopping Dosagi oi Folic 
Acid Antagonists (Figures in Parenthesis Indicate Number op Days 
Following Cessation op Drugs) 


Gl INEA 

R B C 

(MILLIONS/C 
MM ) 

IIB (GM %) 

RETICULOCYTE 
PFRCENT \GE 

W B C /C MM 

puitelets 

(MILLIONS/C 
AIM ) 

PIG 

BEFORE 

AFTER 

BEFORE 

AFTER 

BEFORE 

AFTER 

BEFORE 

after 

BEFORE 

AFTER 

13 

2 9 

6 33 
(12) 

10 7 

14 6 
(12) 

02 

12 4 

(3) 

8,600 


145 

195 

(12) 

l-i 

2 68 

4 35 
(8) 

7 8 

12 7 
(8) 

00 

40 8 
(“1) 

8,700 

9,650 

1 0 


17 

4 23 

4 72 
(10) 

111 

13 4 
(10) 

1 0 

15 5 

(3) 

4,950 


1 75 

3 25 

(3) 

18 

4 73 

5 87 
(8) 

12 2 

15 2 
(15) 

H 

6 2 
W 

1,900 

Igg 

0 52 

15 

(8) 

19 

2 24 

5 10 
(6) 

64 

118 

(10) 

Hi 

43 1 
(5) 

S,300 


1 30 

1S5 

(3) 

20 

3 55 

4 83 
(10) 

10 1 

13 0 
(10) 

D 

14 1 
(3) 

10,450 


1 10 

»il 


within thiee to five davs Theie was a lapid letuin of the led blood cell count 
toward normal, with a noticeable lag in the late of hemoglobin lecovery in some 
instances In all the animals, cessation of the ding was followed also by a rise 
in leucocytes Ljanphocytes weie the fiist cells to inciease in numbei in eveiy 
instance (Pig 10) 

Mairow uas studied m three animals at diffeient stages of the lecoveiy 
pliase In Guinea pig 14, maiioiv was obtained twenty -foin houis after the 
last dose of 4-animo PGA Compaied ivith the maiiow of the pievious dav, 
theie were definite signs of mexeased matuiity of the eiythiocytic piecuisois, 
with polychioniatic and oithochiomatic noiinoblasts inoie numeious although 
laige numbeis of pionormoblasts still leinained (Fig 5,B and G) A complete 
leturn to normal eiythiopoiesis was evident in the maxiow of Guinea pig 19 
obtained ten days aftei the last administiation of 4-ainino PGA and An-Pol-K 

nr DISCUSSION 

The puipose of this discussion is to examine the expemnental lesults ob 
tamed and to deteimine whether they indicate the mode of action of the PGA 
antagonists 

4-Amino PGA — Of the foui compounds employed in this investigation, 
4-amino PGA ivas obviously the most active lieraatologically The smallest dose 
(0 25 mg daily) piodiiced leeognizable eftects only when given ovei a veiv 
long peiiod (nine to thiiteeii weeks), but when 0 5 mg was adinimsteied daily, 
mallow and blood changes appealed much eailiei 

In the bone maiiow the effects of 4-amino PGA weie chaiacteiized by an 
incieasmg number of eaily eiythiocytic and/oi gianulocytic piecuisois The 
geneial cellulaiity tended to be increased lathei than deci eased In all instances 
the change towaid immatuiity was accompanied by the appeaiance of a gieat 
many laige, piimitive-looking cells with pale, nongianulai cytoplasm and laige 
nuclei NVith an open chiomatin mesliwoik The cjdoplasm of these cells was 
sometimes vacuolated, then nuclei usually showed nucleoli and weie not m- 
iiequently divided These cells weie seen only occasionally in noimal guinea 
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pig mariow It was decided that tliej Mete most prohablj leticulum cells since 
then moiphologic chaiaeteiisties coitesponded with the description of the lattei 
guen bt Jaffe* and othei woileis The earlier ted blood cell ptecursots were 
studied with a view to ascertaiiimg whether dosage with a PGA antagonist 
would produce a inatutation arrest of the tjpe seen in peinicious anemia 
Whereas laige numbers of pionormoblasts were found no cells were seen which 
possessed all of the ej tologie featuies of the megaloblasts of pernicious anemia 

The changes in the peiipheial blood leflected those ui the bone marrow 
111 general, when the ei-jthioid elements in the marrow weie letardedin matura 
tion a slowl} developing anemia became evident Repeated evamination of 
blood films indicated this anemia to be noimocjtic and normoeliromie in type 
In two instances when the led cells appeared macrocytic, determination of 
absolute cellulai constants yielded normal values Leueopenia in the peripheral 
blood accompanied a diminution in the more mature granulocytic piecursoia 
m the marrow Thiombocj topeuia oceuiied as a terminal event in two animals, 
111 both of which evidence of tissue hemoiihage was found post mortem Al 
though the marrow of these lattei pigs contained a few megakaryocytes, it 
seemed possible that some of the large double nucleated reticulum cells, also 
piesent in considciable luimbei might lepiesent very early foims of platelet 
pieoursora 

In the animals which developed leueopenia theie was a maiked diminution 
in the number ot cuculatmg Ivmphocytes as well as neutioplules Tius finding, 
togethci with the histologic evidence of prolifeiation of the endothelial elements 
in the spleiuo pulp suggests that 4-amino PGA may e\eit a general effect on 
leticuloendothelial tissue The advanced degree of fatty change m the livei 
cells observed in one of the animals which died fiom the effects of the ding 
suggests that it also may hav e a systemic toxic action 

It was found in two aniinals (Guinea pigs 11 and 15) that a large single 
dose of as much as 20 to 40 mg could he administeied without producing any 
hematologic abnonnality in the penpheial blood Moreovei, in animals in 
wlneli piolonged daily dosage had biouglit about a marked letardation of hema 
topoietic output, signs of a letiirn towaid noimul blood foimatioii were evident 
in the marrow within twenlv foni hours aftei adinmistiation was stopped 
These two results suggest that in guinea pigs 4 amino PGA is excieted rapidlv 
and that its action is dependent upon the iiiamteiiance of a sufficient eoneentra 
tiou 111 the body tissues Puitheiiiioie unless the animals weie moribund 
heiiiatologie effects pioduced by the drug appeared to bo completely reversible 
meiely by stopping dosage In one animal a pievious attempt to leveise the 
changes by the administration of PGA and livci extract was uusueeessful 

All Fol R An Fol A, and 7 Methyl Pteioic Icid — These three compounds 
weie all given ovei prolonged periods m doses as large as 20 mg daily, with 
remarkably little hematologic effect Apart fiom a mild continued reticulo 
cytosis m all instances and a pcisistent elevation of the leucocyte count in the 
two animals given 7 methvl iiteioie acid and the one given An Pol A, no general 
01 hematologic changes were observed 
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Combined Dosage With 4-Amino PGA and Othei Antagonists — In the 
series ot animals in winch the effects of combined dosage weie investigated, the 
amount of 4-amino PGA given was chosen as 0 25 mg daily, a dose which had 
been shown pieviously to pioduce minimal changes over a long peiiod To this 
weie added the same amounts of An-Pol-R, An-Pol-A, and 7 methyl pteioic 
acid which had appealed lelatively inactive when given alone The object 
was to deteimine whethei these thiee compounds would have any potentiating 
effect on the action of I-amino PGA 

4-aniino PGA and An-F'ol-R, given simultaneously to five animals, pioduced 
anemia and leuoopenia in all of them, with one death 4-amino PGA and An 
Fol-A caused a model ate degiee of anemia and leucopeiiia in two animals, both 
of w'luch died 4 ammo PGA and 7 methyl pteioic aeid pioduced anemia with 
piofound leucopeiiia and teimiiial thiombocytopenia, killing all thiee animals 
obseived In geneial, these changes occiuied in a distinctly slioitei peiiod than 
was lequiied to pioduce demonstiable effects by the use of 4-amino PGA alone, 
but the lesulting maiiow changes w^eie m eveiy way similai to those obseived 
with the lattei ding While this senes of evpeiimeiits is too small to allow 
definite conclusions to be diawii, it does suggest that An-Fol-R, An-Fol-A, and 
7 methyl pteioic acid aie themselves tiue, though weak, depiessants of hema- 
topoiesis 

The natuie of this investigation does not peimit speculation as to the bio 
chemical action of the PGA antagonist compounds How'evei, on the basis of 
the cytologic effects, it seems peimissible to considei biiefiy the mechanism 
wdieiebj" the hematologic changes weie bi ought about The actions of the foui 
antagonists studied aie piobably similai, though 4-amino PGA is liy fai the 
most poweiful agent 

The action in guinea pigs would seem to be a geneialized slowing of matuia 
tioii of all blood cell piecuisois found in iioimal mariow The effects may be 
manifested mainly on one oi inoie of the senes of piecuisois and tend to lesult 
111 the pioduction of an ever-mci easing numbei of eaily foims and leticuliini 
cells Thus, wdiile the maiiow becomes inoie and nioie filled with piiraitive 
cells, anemia, leucopeiiia, oi thiombocjtopenia may deyelop in the peiipheial 
blood befoie a teiminal pancytopenia oeeuis These changes aie quicldj and 
spontaneoush leveisible unless dosage with the diugs is maintained 

IV SUMUAKV 

1 The hematologic effects of piolonged admmistiation of pteioyl aspaitic 
acid (R and A), 7 methyl pteioic acid, and 4-amino pteioyl glutamic acid to a 
gioup of twenty-five guinea pigs aie desciibed in detail 

2 4-ammo PGA w'as found to be the most active compound m depiessmg 
hematopoiesis with the pioduction of immatuie cell types m the bone maiiow, 
and anemia and/oi leucopenia m the peiipheial blood 

3 The othei antagonists studied pioduced little hematologic effect when 
admmisteied alone, but each appealed capable of potentiating the action of 
nimimal dosage of 4-ammo PGA when given simultaneously 
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4 The manow changes produced ueie found to be lapidly and spon 
taneously leveiNible unless dosage witli the compounds was maintained 
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THE EFFECTS OP NITROGEN MUSTARD ON INDUCED 
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INTBODHCTION 

T he successful theiapv of vaiious beuigu oi neoplastic disease pioeesses 
with ionizing ladiation oi chemicals depends to some extent on the selective 
sensitivity of ceitain oftending cell types Occasionally, as in the tieatment of 
Hodgkin’s disease with the nitiogen mustaids, no unusual sensitivity of the 
Hodgkin’s tissue appeals to obtain as eompaied with the iioimal hematopoietic 
niaiiow ^ It would appeal that a significant clinical effect is i elated to a com- 
paiable destiuction oi depiession of noiinal and neoplastic hematopoietic pio 
cesses but with a moie lapid lecoveiy in the foimei This pioblem of selective 
and sustained depiession ot one cell tjpe as opposed to otheis in the hemato- 
poietic SI stem IS well demoiistiated in polycythemia inbia veia wheie hema- 
tologic leniissions ot seveial veais may be induced by a single dose of ladio- 
phosphoiiis^ 01 a single coiiise ot nitiogen mustaids^ A seiious limitation ni 
the use of a diug such as the nitiogen mustaids (methyl-Zns-(/?-chloioethyl) 
amine hvdioehloiide) is i elated to the fact that in some instances the neoplastic 
piocess lecuis moie lepidly than the lecoieiy of the noimal hematopoietic 
tissue, thus making fuithei adequate tlieiapy dangeious oi impossible^ Like- 
wise the tailuie ot the skin oi otliei iioimal stiuctuies ot the body to lecovei 
lapidly enough it at all tioiii the absoiptioii ot ionizing ladiation piimaiilj 
diiected to iindei lying oi adjacent neoplasm imposes the same lestiiction 
These leniaiks onN sene to indicate the impoitance ot deteimining w'ays and 
means of leiideiing noimal cells of the body tempoiaiily iiioie lesistant to the 
theiapeutic agent than the cell population of the neoplasm It was lepoited 
leceiitly bi Jacobson and associates- “ ’’ that the eiythiocytopoietic tissue ot 
the labbit could be pioteeted iiom the destiuction of \-iiiadiatiou if the 
eiythiopoietic tissue w'cie pieviously stimulated by the withdiaw'al of blood oi 
the administiation ot phenylhvdiazme Since the biologic efteets ot ionizing 
ladiatioiis and methyl hn-(/3 chloioethyl) amine hydiocliloiidet aie so smiiiai, 
especially as they effect the hematopoietic systeni,^ ^ it was decided to deteimine 
whethei stimulation ot eiythiocytopoiesis w’ould similailj leduee the degiee oi 
destiuction pioduced by the lattei eliemicai agent This conimuiiicatioii lelates 
these studies Certain studies with x-iiiadiation earned on simultaneously aie 
included foi eompaiative pui poses 
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ai ^TPRULS VND METHODS 

Swift s snuffle free rabbits of umforai age and weiglit (2% to 3 kilograms) uero used 
exclusively m this studj The ribbits were divided into four groups (Table I) Group 1 
consisted of normal, untreated animals Group 2 received 3 mg of nitrogen mustard mtra 
vcnouslv per kilogram of bodj weight Group 3 consisted of rabbits with a phenjlhydrarmc 
induced anemia and Group 4 received 3 mg of nitrogen mustard intravenouslj after an 
anemia had been induced by phenj Ihj draiine 


Table I Number of Amiials am> Treatment op Various Groups Hematoukiio Studies 


GROUP 


NITROGEN MUSTARD { 

NUMBER OF 
ANIMALS 

1 

_ 


17 

2 

- 

3 mgAg 

19 

3 

40 mg 


10 

4 

40 mg 

3 nif, /l<g 

37 


In prcliminarj experiments it was found that 3 0 mg of nitrogen mustard per kilogram 
of bodj weight was approximately the U>«yi4day dose for rabbits This means that 3 
mg per kilogram were sufficient to kill 50 pet cent of the rabbits within fourteen days On 
tho other hand 800 r of x radiation is tUo LDm/SO day dose in our laboratory for this strain 
of rabbit » No adequate criterion exists on which to base the comparability of these totallj 
different agents Since the histologic damage in the morrow present at three days was more 
or less comparable after 3 mg per kilogram of nitrogen mustard or 800 r whole body x irradi 
atjon these doses wero arbitrarily chosen as equivalent doses for the purposes of this study 

Tcchnujue of Ntirc^ien ICustard Admtmslratton — Three mUligrams of nitrogen mustard 
per kilogram of body weight were slowly injected into the marginal ear vem of the rabbit 
immediately after the chemical iiad been dissolved m phjsiologie saline A concentration 
of 1 mg of the drug per 1 c c of saline was used since this concentration produced no slough 
mg at the site of injection and did not obliterate the car vem 

Technique of S Irradiation — ^Thc xrays administered in these experiments were gen 
crated on a 200 KVP machine operating at 15 milliamperea. A 0 5 mm. copper filter and a 
1 mm aluminum filter wero used The half value lajer in copper of the filtered beam was 
0 98 millimeter The exposure was measured with a Vicloreen condenser r meter equipped 
with a 100 r chamber Measurements were made m air unthm a treatment box at a position 
occupied by the center of tho animal s bodj The exposure distance was approximately 30 5 
laches Victorecn chambers of 250 r full scale readings were used as monitors 

ZTematoropio Studies — The studies on the peripheral blood taken from the rabbit, using 
standard techniques included the following 

(a) Erythroevtes per cubic millimeter 

(b) Hemoglobin m grams per 100 cubic ceutimelers 

(c) Keticulocvtea in per cent of erythrocytes 

(il) Total Icucocvtos per cubic nulluuetcr 

(0) Differential leucocytes 

Htudios on blood obtained by c vrdioceutesis (venous or arterial blood) included 

(f) Platelet counts 

(g) Wholo blood clotting time (LcetVhite) 

(h) Prothrombin determinations 

(1) Heparin tolerance test 

( 3 ) Pibnnogcn and calcium determinations 

Theso latter studies on the effect of nitrogen mustird on coagulation of blood havo 
been reported m detail elseuhereio and will therefore not be related here 

Histopathologic Studies — Histologic studies were made in order to study tlie blood 
fornung tissues for the proper correlation with the peripheral blood on control animals an 
imals given HN, oalj, animals given phenjlhjdrazino, and animals given phenylJiydrazino 
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follo\\cd bj nitrogen mustaid Animals weic saenfited vt frequent intenals tlie first nine 
dajs vnd at less frequent intervals thereafter, the tissues were fixed in Zenker formol, era 
bedded in nitrocellulose, cut at 8 or 6 /i, and stauied w ith hematoxylin eosin azure II 
(Table II ) 


Table II Histopathologic Stihils Sho\vi»ig Nlmbep op Animals Sacriucld at 

Various Intfrxais 


TIME VFIER 

NITROGEN MUSTARD 
INJECTIONS 

CONTROL 
RiVBBlTS 
( T NTREATED ) 

RABBITS GUEN 

MTROCfN 

MI STARD 
(3 MG /KG ) 

RABBITS TREATED 
MITH PHENYIIIY 

DRAZINt 

(40 Mr sc) 

RABBITS TREATED 
WITH I*HEN\LUV 
DRAZIM AND 
NITROGEN itUSTARi) 

■Uliwaiilill 


0 

1 

0 


0 

1 

0 

0 



I 

1 

2 


0 

1 

1 

0 


0 

1 

1 

2 


1 

o 

1 

2 

2 (Jajs 

0 

2 

1 

o 

■? (lavs 

1 

3 

1 


4 days 

0 

> 

1 

3 

5 days 

0 

2 

1 


b da\s 

0 

2 

0 


7 days 

1 

2 

1 

2 

S days 

1 

0 

0 

0 

9 dajs 

0 

2 

0 




0 

0 




1 

1 




1 

1 

0 



0 

0 

1 

2 !k 


0 

2 

2 


•Two da>s after phenj lb> drazlne withdrawal 


RESULTS 

Moitality Studies — The moitality late of the animals in Group 4 which 
leceived nitiogen mustaid and phenvlhvdiazine was slightly highei than that 
of the animals of Gioup 2 which receixed mustard alone The suivival data 
indicate that 3 mg of nitrogen mustaid injected intravenously kills appioxi 
mately 50 pei cent of the animals m fourteen days The most critical peiiod 
appears to be the fouith day Howevei, no expeiiments involving laige num- 
beis of animals weie undertaken to deteiniine the LD.o dose and, theiefoic, 
the 3 nig pei kilogiam dose can be consideied only a tentative and appioximate 
LD^o value 

Hematologic Findings — 

E) ythiocyte Values The erxthrocjte x allies of the animals m Gioups 3 
and 4 that leceived phenvlhvdiazine xveie i educed to 3 3 x 10“ and 3 5 x lO" le- 
spectively at time 0 (Fig 1) The animals iii Gioup 3 which leceived pheiiyl- 
hydiazine alone recoveied fiom the anemia in twelve days The erythiocytc 
values of the rabbits which leceived nitiogen mustaid aftei the anemia had been 
pioduced (Gioup 4) continued to fall, leaching a mean minimum value of 2 8 x 
10“ bv the thud day aftei the mustaid injection, they lemained thus depiessed 
thiough five days, then gradiialh’' i cached noimal values by the twelfth day 
and lemained xvithm noimal limits throughout the balance of the experimenta 
peiiod (thiity-five days) Between the sixth and twenty -second day a deciease 
(circa 15 pei cent) in the eiyThrocyte xalues occuiied in the Gioup 2 labbits 
uhicli leceived nitiogen mustaid alone 
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.0 .g -4 ^2 0 2 4 6 a to 12 14 16 18 20 22 24 26 28 

PHtNYLHTORAZINC 
administration 


TIME AFTER HNg (days) 

Fig 1 — The effect of nitrogen inuatard In single intravenous dose of 3 mg per kilogram 
on the erythrocyte values of control rabbits and rabbits injected with phenylliydrazine prior to 
the admlnlstratlin of nitrogen mustard 



PHENYLHYORAZINE 

ADMINISTRATION 

TIME AFTER HNg (doys) 


,, — Tlie effect of nitrogen mustard In a single inlra\enou3 dose of 3 me per kiiocrain 

on tlie lieinogiobln \alues of control rabbits and rabbits Injected with ph nylhidrazine orlor to 
the administration of nitrogen mustard 
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Hemoglobin The hemoglobm values (Fig 2) of the vaiions gioups fol 
lowed a pattern of lesponse compaiable with that described foi the eiytliio 
cvtes 

Reticulocytes The mean leticulocyte value in the contiol gxoup (Gioup 1) 
vaiied between 3 2 and 4 2 pei cent (Pig 3) The mean letieulocyte value of 
Gioups 3 and 4 lose as a lesiilt of the phenylhydiazine adnuiiistiatioii to 22 6 
and 25 4 pei cent lespectively The mean leticulocyte value of Gioup 3 tell 
lapidly aftei the phenvlhydiazine was diseontimied fiom a maNimum of 22 6 
to 4 3 pel cent and lemained essentially in the noimal lange theieaftei The 
leticulocyte values of Gioup 2 winch received nitiogen mustaid only fell to 
0 2 pel cent m three days, remained below these values through the filth day, 
then gradually rose to the normal range by the ninth day The reticulocytes 
of the Group 4 animals, on the other hand, which received mustard after the 
phenylhydiazine-induced anemia fell abruptly to a minimum ot 1 6 per cent 
by the thud day, lose rapidly to 15 6 per cent by the sixth day, then gradually 
fell to normal by the sixteenth day 

Leucocytes The mean leucocyte value of the rabbits which received nitro- 
gen mustard only (Group 2) and those that received mustaid after the pheinl- 
hydiazine-induced anemia (Group 4) fell to circa 600 per cubic millimeter by 
the thud day (Pig 4) The mean leucocyte value ot the aiimials that received 
mustard alone (Group 2) continued to fall, ledching a mininiiini by the sixth 
day, after which recovery occurred by the ninth day The leucocyte value ot 
the animals that received nitrogen mustaid after the phenylhydiazine-induced 
anemia (Group 4) gradually rose after the third day to an essentiallv normal 
value by the ninth day An initial use m the absolute heterophil value above 
the normal occur red in twenty-four hours in both Groups 2 and 4 In three 
daj’^s the heterophil value fell maximally in Group 4 animals which had received 
phenylhydiazme and nitrogen mustaid, whereas the heterophils in the Group 2 
rabbits that received mustaid alone reached a minimum value in five days 
(Pig 5) An abortive rise occurred in both gioups on the fifth and sixth days 
respectively Both gioups returned to normal values bj the niiith day and le- 
niained essentially nonnal thereafter 

The absolute iiumbei of lymphocytes per cubic niillimetei m Gioups 2 
and 4 paralleled the leucocyte curve closely (Pig 6) Partial lecoveiy had oc- 
curred by the ninth day, but complete recovery had not occurred m thirty-five 
days 

The leucocyte yalues, including the heterophil and lymphocyte values of 
the animals with the pheiiylhydiazine-indueed anemia only (Group 3), were 
slightly depressed by the fifth day, remained thus depressed tor circa six days, 
rose aboye noimal values by the sixteenth day, letiiiiied to normal values by 
the eighteenth day, and lemdined within noimal limits thereafter (Figs 
5, and 6) 

Histologic Studies — 

Genet al Obsei vation^ on Ectopic Blood Poimation in Lymphatic Tissue 
Scattered about the red pulp m the spleen of iioimal dirimdls a tew small islands 



FFFECTS Ot NlTKOCiEN JIUSTVRD ON ERVTHROBt, \STIC H\PERPU\SIA. 007 



Fig 3 — The efCect of nitrogen niusUrd In a single Intravenous dose of 3 mg per kilogram 
on the reticulocyte values of control rabbits and rabbits injected with phenylhydrazlne prior to 
the administration of nitrogen mustard 



Fig 4 — The effect of nitrogen mustard in a single intravenous dose of 3 mg per kilogram 
on the leucocyte values of control rabbits and rabbits Injected wlUi phenylhydrazlne prior to 
the administration of nitrogen mustard 
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PH£MTI.MT0B»UHE 

ADMINISTRATtOH 

TIME AFTER HNj Idoyj) 


Fig '5 — The effect of nitrogen niuatard in a single intravenous dose of 3 mg pel kilogiaiii 
on the heterophil values of control rabbits injected with phenylhv drazine puoi to the adniinlstra 
tion of nitrogen mustard 



PHENyLHVDRAZINE 

ADUIMSTRATIOH 


TIME AFTER (doys) 

F ig 6 — The effect of nitrogen mustard in a single intravenous dose of 3 mg per 
on tile hmphocvte values of control rabbits and rabbits injected with pheny lh> di azme prim 
the administration of nitrogen mustaid 
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of ectopic eijthiocjtopoiesis Tiid granulocytopoiesis and an occasional mega 
kaiyocjte can be found At the height of the hjTierphstic reaction m the bone 
mallow (two dajs after last dose of phenjlhj drazme) the amount of this ec 
topic blood formation in tlie spleen is increased b> at least 100 per cent These 
islands giaduallj decrease in extent o\er a period of three weeks following the 
last dose of phenjlh-^drazine leaving onl} the normal amount seen in most of 
the joung adult labbits Ectopic blood foimition in Ivmphatic tissue elsewhere 
111 the bod> was not increased appieciabl 3 b\ phen>lh>drazine 

Effect of ^it}Of/en Mustard on Lymphatic Tissue — The effect of HN in 
the dose employed on tlie hmphatic tissue of the thjmus, mesenteric node, and 
spleen will onlj be summarized An intense degeneration of l 3 Tnphocjtes was 
appaient within the firet twenty four horn peiiod In fact, six houis aftei in 
jection of HNa l>mphoc\tes were m all stages of disintegration in the lymph 
nodes, thymus and spleen the twelfth houi the degeneration phase w is 

\ei\ marked and man% macrophages within tlie nodules and sinuses weie filled 
with particulate debus i\Iitosis in Ijnnphocjtes was not seen at the twentj foui 
hour stage Twentj foui horns after injection the debris laden phagocjtes 
were almost entirely gone except in the nodules of the spleen, lymph nodes and 
thjmus, and onlj minimal evidence of continued cell death was evident At the 
twentj foui hour stage howevei, theie was a maiked heteiophil invasion of 
the IjTnph node led pulp of the spleen and of the thvnius to a lesser degiee 
Two dajs after HNj injection the lymphocytes of the spleen had practically 
disappeared except for a few small to medium lymphocjtes about the cential 
aitenoles of the nodules The Ijmphocjte population of the lymph nodes and 
thymus, though markedlj depleted was so to a lessei degiee than that of the 
spleens Onh a few j,iaiiulocNtes scattered thiou^hout the led pulp were found 
in these Ijmphatic stiuctuies at this stage The atrophic phase listed thiough 
the fifth da> in these hmplntic tissues Dmiiio thib peiiod little e\idence of 
legeneidtion was evident Oiilj occasional mitoses weie seen in the lymphocytes 
Prom the sixth daj stage on howcvei the amount of Ijniphatic tissue in the 
spleen Ijmph node and thvmus slowh iiitieased I^Iitoses v\eie again moie 
prominent Not until about the fouiteenth daj h id the histolOoic leconstitutioii 
of IjTnphatic tissue icached the state which made differentiation from the noi 
mal control difficult it not impossible 

The effect of a single injection of nitiogcn mustaid on ectopic erjthio 
poiesis and graniilocj topoitsis in tlie spleen was difficult to assess in teims of 
anj diffeieiitial seiisitivitj oi insensitiv itv because of the small amount of sucli 
tissue piesent in the spleen Theie was howcvei a definite deciease in amount 
ot ectopic civthiocvtopoicsis and t,ranulocv topoiesis following IINz injection 

Bone MarroiL — 

(a) Femojal Bone Marrow of Nonnal Babbit (Group 1) and Babbits With 
Uyperplastic Mat row (Two Days After Last Phenylhydra^ine Injection) The 
femoral marrow of the noimal control rabbits (Gioup 1) used m this studj was 
composed of roughlv 60 per cent fat The balance of the manow was composed 
of hematopoietic tissue The free cells were predominant! j granulo and 
eijlhiocjtopoietic but contained statteicd hemoev tobi isls meoakaijocjtes and 
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Fig 7 — The effect of nitrogen mustard on the femoral man on of normal rabbits and on 
rabbits -nhicli had previously received phenj Ihj drazine (X-t20) 

Aj Normal , j 

B, Four days after last injection of phenj Ihy drazine Note the general hjperplasia a 
reduction In size of fat spaces r,j|n 

G, Two dajs after Intravenous Injection of nitrogen mustard m a dose of 3 mg per 
gram The space normallj occupied by marrow cells is filled with a homogeneous basopi 
staining material and the general cellulantv is drastically reduced j f^ur 

D Two davs after intravenous injection of nitrogen mustard (3 mg per kilogram) , 

dajs after phenj Ihj drazine withdrawal Note that fat spaces are small the general ,„p„gr 
is greater than normal htmocj toblasts and basophilic ervthroblasts are abundant ana i a 
than normal 
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plasma cells Only iclativeh fe\\ pioei^tluoblasts (basophilic eij throblasU) 
weie iomid Mitoses weie seen m olanllloe^tcs ei\thioc}tes, and megakaijo 
cytes but iieie not piommeut In geneial this active hematopoietic tissue was 
laigelj concentrated in the metaphvsis and along the endosteum of the entire 
diaphysis, diminishing toward the centei of the diaphysis The vaiiation in 
tile activitv of the noimal mairow is shown in Figs 7 8, and 9 

The femoial manovs of labbits two dajs aftei the last dose of phenjl 
hydiazine (Group 3) was e\tiemelj h>peiplastic The hematopoietic mariow 
occupied fiom 85 to 95 pel cent oi the mariow space Pat was coriespondinglj 
decreased This hvpei plastic niaiiow consisted chieflv of an inciease in liemo 
cjtoblasts (Downej s myeloblast) and eivthi oblasts m all stages of maturation 
The increase in basophilic entiiioblasts was paiticulaily conspicuous Mitoses 
in these lattei cells wcie iiumcious A modest inciease of granuloc>te per 
cuisors and megakaijocvtes was also apparent The mairow was replete with 
all stages of transfoimation of leticulai cells to er} tin oblasts or bemocj toblasts 
The mallow hypeiplasia leachcd its mavimum two davs after withdiawal of 
phenjlliydrazine paralleling the ma\iinum leticulocvte lesponse in the peiiph 
eial blood of this gioup (Fig 3) Onlv gradually over a peiiod of approx 
iniately two weeks did the bone maiiow ictuin to a normal state of actwity aftei 
withdiawal of phenvlhvdrazuie I igs 7 8 9 and 10 lUustiate the mairow 
hyperplasia and the lessening of h>perplasid following plienjlhydiazine with 
drawai jVs the civthioblastic ii>peipiasia in the bone maiiow incieased the 
amount of pliagocv tized non increased but was evident also m the latei in 
teivals aftei phenjlhvdiazme wnthdiawal as the marrow letunied to a noimal 
state As indicated pieviouslv it was at the height of the hypeiplasia (two 
dajs after last injection of pheiivlhvdiazme) that HN^ was given to the rabbits 
ni Group 4 Animals ui Gioup 2 (noimal, pievioiisly untieated animals) weie 
given HN simultaneously 

(h) Effect of HN on Normal Animals (Oioup 2) and Animals ^V^th Hy 
perpJastic 1/anon* (Groui) f) Period of Degeneration (Zero to Twenty four 
Hours Folloning HN^ Injection) Pegeiieration (pjknosis kai^orihcxis, and 
pha^ocitosis) was appaient in both the giaiiulopoietic and erythi-opoietic cells 
IS carl> as six houis after the injection of HN in botli Group 2 (noimal animals 
which leceived HN ) and Group 4 (animals winch icccived HN after a pheii>l 
lijdiazme induced anemia), but the lutensitj of this degeiieiation was increased 
at the twelve houi stage Phagocytosis of debris in the mairow was marked at 
the twelve houi stage Destiuction of megakaijocvtea was not as obvious 
Some megakaiyocjtes wcie iii a stage of disnitcoiatioii ni twenty four houis 
The destiuction of the moie mature eijthioblasts was more rapid than the 
destruction of gianuloc>tes In twentv four houix the cells of the marrow of 
the noimal labbits which leccived HN (Group 2) were laigelj giaiiulopoietic 
witli a few scatteied cij thioblasts (iiiostlj basophilic) hemocytoblasts and 
meoakaijocytes 

The mairow of the animals vnIiosc mairow was hyperplastic when HN^ was 
given (Gioup 4) contained grauulocvtcs scattered megakanoevte^ and nu 
merous nemoev toblasts and basophilic eivthioblasts at this tweiitj four hour 
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stage Agam ti ansf oimation of leticulai cells to eiy tin oblasts and hemoeyto 
blasts was conspicuous j\Iitoses were absent in the niaiiow of the animals 
which leceived HN„ onlj'^ (Gioup 2) in si\ houis and none weie seen at sub 
sequent inteivals studied thiough twenty-foui houis Jlitoses weie pzesent ni 
all the inteivals studied duiing this destiuetive phase in the animals which had 
phenylhydiazine and HNo (Gioup -i) Mitoses weie laigely confined to the 
eiythi oblasts They weie fewei in mnnbei than in the animals that leceived 
phenylhjfdrazine only (Gioup 3) at a eoniiiaiable stage, but at least 200 pei 
cent higliei than in noinial untieated contiols (Gioup 1) Little basopliilic- 
staining “gelatinous” inaiiow was evident in animals which leceived HN„ 
only (Gioup 2) at the twenty -folii lioui inteival In the phenylhydiazine and 
HNo animals (Gioup 4), howevei, gelatinous niaiiow as well as dilated vessels 
weie pioininent, but the lesidiial cellulaiity of the lattei was much gieatei 

Peiiod of Attopliy (Tiventy-Foiu IIoius Tluough Foui Da>ys ) — The niai- 
iow ot animals vhich leeeived HN„ only (Gioup 2) was almost completely de 
void ot cells on the second, thud, and fourth day inteivals and consisted of 
chlated vessels, some gelatinous mateiial, scatteied leticiilai cells, unidentified 
inononucleai cells, occasional noimal oi giant erythi oblasts, liemocytoblasts, 
megakaijocjtes, noimal oi giant niveloejtes, plasma cells, and fat cells Oiilj 
laielj weie mitotic figuies obseived duiing this penod This extreme atiophj 
IS illustiated in Figs 7 and 8 

The niaiiow ot animals w'hich leceived iihenylhydiazine and HN, (Gioup 
4) contained a laige amoiuit of basophilic-staniing gelatmons mateiial, dilated 
vessels and phagocytized debus Laige islands of hjqieiplastie maiiow weie 
scatteied about and w'eie composed almost exclusively of hemocytoblasts and 
basophilic eij till oblasts tw'o days aftei HNj injection Othei aieas contained 
many of these piecuisoi-s as w'ell as moie niatuie eiythioblasts (Fig 7, D) 
The amount of lesidual gianulopoietic and megakaiyocytopoietic cells was 
gieatei than in the maiiow of animals at a coriesponding inteival which le 
ceived HN_ only (Gioup 2) Many giant myelocytes and eiythioblasts weie 
seen scatteied about as wmie clovei-leaf patterns in the eiythioblasts Theie 
was a questionable inciease in the number of plasma cells The surviving hemo- 
cytoblasts and basophilic eiythioblasts overwhelmed the other cell types m 
numbers and many parts of the maiiow were composed exclusively of one oi 
the other oi both The size of these cells as compared wnth similai cells m the 
maiiow of the other groups (1, 2, and 3) is illustiated in Figs 7, 8, and 9 
The amount ot eiythiocjtopoietic maiiow on the second day was estimated to 
be at least 200 per cent gieatei than normal maiiow (Group 1), 200 to 300 per 
cent greater on the thud day, and 300 to 400 per cent greater on the toiiith 
day IMitoses were very' prominent in the eiythioblasts at these intervals 
Gianulopoietic and megakaiyocytopoietic cells and the mitotic activity ot these 
cells inci eased slowdy at first but were xelatively^ quite piominent by the foiuth 
day^ As wms evident during the period of destruction (zeio to twenty-four 
hours), ti ansf 01 matron of leticiilai cells to eiydhioblasts and hemocytoblasts 
was piominent In fact, direct ti ansf oimation of reticular cells to giant myelo 
cy'tes was becoming decidedly moie prominent during the thud and toiiiti 
davs after HN_ in this gioup (Group 4) 



FhFFCTS Ot NITROOF^I AlUSTARD ON FR\THBOBLASTIC H\PFRPLASIA 


A. B 



Flff 8 — The effect of nitrogen mustard on the femoral marrow of normal rabbits and on 
rabbits which had previously receUed phcnilh>dru2ine (Xt 0 ) 

A Normal 

B Six dajs after last injection of phcn>lh>draalnc the geneial hjperplasia still exists 
C tour da\3 after lntra\cnous Injection of nitrogen mustard in a dose of 3 mg per kilo 
gram Cellular depletion marked 

D Four dajs after Intravenous injection of nitrogen mustard (3 mg per kilogram) and 
six du>3 after phen> lh>drazlne withdrawal Cell population largel> hemoc> toblasta and baao 
pnlllc erjthroblasts Note the size of these precursors as compared with cells In normal 
marrow 
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Fig 9 — The effect of nitrogen mustard on the femoral marrow of normal rabbits a 
on rabbits which had previouslj recei\ed phem Ihj drazlne (X-lttO) 


b’, Eight'^days after last injection of pheny Ihy di azme showing oersistance 


of hjperplas'a 


which is largely erythropoietic , ^ /■> oer kilogram) 

C Six days after intravenous injection of nitrogen mustard (a nio P 
Regeneration is progressing at this stage. ner kilogram) an*’ 

D Six days after intravenous injection of nltiogen mustard and crytliro 

eight days after phenylhydrazine withdrawal Hyperplasia involves granulopo 
poletlc series 
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Pcnod of Ucijeneiation (Five Days Ihrough Fourteen Days) — The mairow 
of anmialb which rccened HN onlj (Gioup 2) contained seatteied islands of 
hemocj toblasts and mielocitcs and eivthroblasts in lanous stages of matura 
tioii on the fifth daj after the HN injection and incieasinglj greatei niimbeis 
on the si\th and seienth daj inteiaals On the eighth and ninth daj interials 
granulocjtes and iiiegakarj ocytes beeanic more conspicuous This more or less 
oiderlj regeueiation continued b\ the fourteenth day the marrow was es 
sentiillj similai to that of the unticated controls of Gioup 1 This peiiod of 
actiie legeiieration is illustiated in Pi^s 9 and 10 In the niariow of animals 
which received plieinlhjdiazine prioi to the HN^ injection (Group 4), erjthio 
blastic hjpeiplasia continued to be actiie fai in e\eess of Group 2 (HN only) 
01 Gioup 1 (noniial) and only giadualU returned to a noimal state Whereas 
eiidence of giaiiulo and megakaijocjtopoictic regeneration was conspicuous 
on the eighth day in the animals that lecciied HN only (Group 2) active 
iCoeneratiQii of giaiiulo and mepakaryocytopoietic cells was evident beginning 
on the fouith daa and mcieastd thiough the ninth dai in the animals which 
lecened phomlhjdrazine ind HNj (Group 4) The intense eijthioblastic pro 
liferation seen at previous mtcnals coiitmucd witli onlj slight diminution dur 
mg this period 

Companson of \ ray and //iV on Phenylhydia.mc Induced Anenm and 
Hyperplastic Mairow — In a preiious sciics of papeis “ the effects of 800 r 
whole bod} \ iiiadiation on the peiipheral blood and bone niariow of normal 
labbits and labbits with a pheinlhvdiazme induced anemia have been described 
in detail The conditions of these evpeiniients weie identical with those of the 
expeiaments deseiibed in this papei e\cept that a phjsical agent (800 r x lay) 
was given instead of a ehemical agent (HN ) Although the main findings in 
the \ raj espeiinients are essentialh the same as m the HN experiment, certain 
gloss dilfeiences make a brief comparison worthwhile As was demonstrated 
111 Pigs 1 and 2 nitiogen mustaid alone piodueed an anemia which was on the 
boiderluie of significance some two weeks oi moie after the HN admuiistration 
\nimals which had a phena llndiazine induced regeiieiatiao anemia developed 
fiuthci anemia within the fiist fi\e da\s after HNj administration A dose of 
500 1 whole bod} Miiadiation piodueed m anemia in labbits which leachcd 
1 m ixinium on about the fouitccnth day (Fie, H) On the other hand, the 
udniinistration of 800 r to aniiiials with i plieii} Ihj drazine mduced ie„enerativc 
anemia piodueed ncithei an eailj iioi a latent anemia and recovery proceeded 
1 ipidlj but not IS lapidl} as oceuiied in the phenylhydiazine and HN animals 
dig 12) This diffeienee in the eiilj effect of phenyUij draziiic followed by 
HN on the one hand and pheiialhjdiaziiie followed b} x irradiation on the 
other was not appaicnt in the bone marrow since m neither iias erj throcyto- 
poicsis senoiisl V interi iiptcd 

Nitiogen mustaid alone and xia\ alone produced a comparable degree of 
ccllulai depletion in the maiiow of noimal labbits but bone marrow recovery 
was iiioic lapid in the HN sciics thin in the X i ly series (Compare Fig 9, 0 
witli Pig 13 1) Similaih the dcoiee of cellular depletion m the marrow 
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TIME AFTER TREATMENT (doys) 

Fie 12 — ComparatiNe eff ct of 800 r whole body x Irradiation and nitrogen mustard (3 
mg Per kilogram) on the erjihroole values of rabbiU nhich had previously been made anemic 
b> phenylhydrazlne administration 
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of animals aaIucIi received botii phenylliydrazuie and HN was comparable with 
the cellular depletion iii the bone marrow of animals winch received both phenyl 
hjdrazine and \ ray iii the early stages (one day after HN or \ ray lespec 
tuelj ) However, the marrow of flic plrcnjlhjdiazmc HNj animals rmderwent 
1 more rapid legeiieiatioii than that of the phenylliydrazuie \ raj animals 

DISCUSSION 

It IS iiiteiestin,, that the pioduetioii of a regenerative anemia y\ith pheirjl 
hydrazine or bleeding pioteofs aoainat the usual latent radiation induced anenm 
111 rabbits hj virtue of the suiynal of sufficient hematopoietic tissue to insure 
an almost immediate hjperplastic reaction ‘ ' Stimulation of erythiopoiesis 
likewise piotects the iiiaiiow from the dcstiuetion regularly produced in rabbits 
bj the chemical aoent methjl his (/3 ehloroethyl) amine lij drocliloiide The 
degree of destiuctioii of the maiioiy winch regularly follows the administration 
of a single intravenous dose of 3 mg of HNj or 800 r yvhole body v. iriadiatioii 
IS comparable fiom the histologic point of view thiough the fourth day after 
exposuie to either of tliese agents A significant anemia follows the latter 
(800 r) yvliioh reaches its masimum on the fourteenth day after exposure 
yvhereas an anemia of onlj borderline significance is apparent after the former 
(HN ) As is evident iii the data presented, the histologic recovery of the 
marrow from mtoMcation with HN, onlj is so rapid that the brief but complete 
cessation of erythropoiesis is essentially masked 

The further fall of the eijthiocyte values and hemoglobin, after HNj in 
jeetion in animals already made anemic with plienylhydrazme (Group d), is 
veiy likely due to continued hemolysis as a result of the combination of phenjl 
hjdiozine and HN No evidence of significant hemolysis yvas appaient during 
this initial period in animals yvhicli received HNj only (Group 2), nor did 
further significant anemia deyclop in animals yvbicli had received only phenjl 
hydiazine (Group 3) In previous experiments in yvhich plienj Ihydrazine ad 
iiiniistratioii was followed by 800 i wliole body x irradiation, no further anemia 
developed immediately following x lay (one to five days) It is therefoie sug 
oCsted that plicnylhydiaziiie plus HN exerts a syiieigestie hemolytic effect on 
circulating ei-j throcj tes Aftei reaching a minimum of less than 2 8 x 10® pci 
cubic millimetei the eijdhiocjtes of tlie animals winch had phenj Ihj drazine 
and HNj lose so rapidlj that a normal value was evident as rapidly as in the 
animals yvliich received phenj Ihydrazine only (Group 3) and before the yaliie 
of the group which received HN only had fallen to its loyyest point The lusto 
logic findings indicate that a sufficient uunibci of eij tin oblasts and hemocjto 
blasts suivive the insult of the HNj in the latter group to immediately carrj 
on noimal cijthiopoietic activity and subsequently proceed to an intense lij-pei 
plasia and lapid recovery In the gioup yvhieli leceiyed HN_ onlj (Group 2) 
on the other hand ciwthiopoietie tissue yvas essentially destroyed and coin 
pensatoiy hyperplasia and lecoveij were compaiatively slow In previous re 
polls' " " it was pointed out that yvheicas mitotic activity stopped in the bone 
mallow of normal labbits diiinig the first twenty foui hours after 800 r yvhole 
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body N-uiadiation, mitotic activity in the maiioii o± ammalb with an eivthio 
blastic h3'peiplasia continued at a noimal oi gieatei than noimal late aftei 
this dose of x-iiiadiation The findings in the piesent study with HN_ aie 
identical m this lespect with the \-iav studies The fiee cells of tlie liemato 
poietie maiiow which suivive the insult of HNj aie laigely heniocidoblasts and 
basophilic ei3 till oblasts This fact is good evidence foi suppoit ot the concept 
that the less matin e cells aie moie lesistant than more matuie cells of the 
erythioblast senes If the moie matuie foims weie less sensitive oi of equal 
sensitiiity to then piecuisois, one would expect to find a piopoitionate niimbei 
of vaiious matuiation phases suiviving at the eaily inteivals aftei HN; pai 
ticularlv In othei woids, one would expect suiviving enthi oblasts in each 
matuiation phase to be m a piopoitioii oi latio to one anotliei moie iieaily like 
that of the hjpei plastic man on at the tune of HN^ admimstiation if the seiisi 
tivity weie equal If the sensitivity of vaiious matuiation phases diffeis, then a 
piedominance ot the moie lesistaiit foims would be found in the eaily mteivals 
attei exposme to the noxious agent Siuce the suiviving fiee cells weie pie 
dominantly basophilic eiythi oblasts and hemocvtoblasts, one must conclude that 
undei the conditions of this expeiiment these imniatnie cells aie less sensitive 
to HN, than the moie matuie foims lu the manow It is luithei appaient that 
leticulai cells not onlj'' letam then function of tiansfoimation to the fiee pie 
cuisois of the maiiow but also that the stimulation piovided bj" the phenyl 
hvdiazine administxatiou has piobably inueased this tiansfoimation to an ex- 
tent which IS significant in the development of the lapid hypeiplasia and le 
coi eiy 

Of mteiest is the fact that after HN, only (Gioup 2), gianulocytopoietie, 
megakai 1 oeytopoietic, and eiythiocytopoietic tissue m the maiiow is nioie 
eompletelx destioyed than lymphatic tissue in the spleen, lymph node, and 
thymus Reeoieiy^ of the hone maiioxv and letuiii of the cuculatiiig gianiilo 
eytes, ei ytlii ocytes, and platelets to noimal values, howevei piecede the com 
plete histologic lecoveiy of lymphatic tissue and the letnin of lyonphoevte 
1 allies of the peiipheial blood to noimal 

It IS of even gi eater mteiest that recovciy of the bone maiioiv fioiii tbe 
insult of HN, (3 mg pei kilogiam) is moie lapid than the lecoveiv fiom x-iai 
(800 i) even though the degiee of destiiietion and atiophy is eiitiiely com 
parable duimg the eaity phases (one to font days) If one assumes that tin'> 
diffeience in recovery late is on the basis of the fact that HN, has a moie selec 
tive action than total body x-ii radiation, then one is assuming that iiiadiation 
can pioduee an mduect suppression of manow hematopoiesis oi that a radiation 
produces gieatei effects on leticulai cells which letaid heteioplastie blood foi- 
mation than does HN, The lattei possibility seems moie likely 

Significant legeneiation of gianulocylopoiesis and megakarjmcytopoiesis 
in the maiioM of animals which leceived phenylhydiazine and HN, (Gioup ■1) 
occuired at a distinctly eailiei stage than in the animals which received Hi 2 
only (Gioup 2) This legeneiatiou oecuis homopiastically fioni a few suiviving 
myelocytes and iieteioplastieally fiom leticulai cells and henioeytoblasts Tns 



I'KKi.l.'rS OF NiaROGEN M(JST\RO 0\ Ftt\THHOBL.lSTir H\ pmi L, ib! \ 


'121 


liistolo^ic evidenet of m eiilici lejeneration of graiiulooj tes m the auimaU 
which xcLcived both phenjlhvdiazme and HN (Gioup i) conelates well witli 
the studieb on the pcnphcial blood as illusttatcd m Pig 5 

The degree of destruction and tune lequirtd for recoiery of Ijmphatie 
tissue after the admiiiistiatioii of HN only (Gtoiip 2) appeal to be entirely 
comparable iiith the destiiiction and lecovery of Ivniphatic tissue aftei phenjl 
hi drazine and HN (Group 4) 

These observations suggest that the production of a hyperplastic marrow 
pi 101 to the use of x irradiatiou oi HN might be useful as a means of protecting 
the normal hematopoietic tissue when these agents are used in therapj of such 
neoplastic disorders as the Ij niphomas The fact that the persistent hyperplasia 
aftei HNj or \ ray is dependent in pait on heteroplastic formation of the free 
mairoii precursors fiom reticular cells suggests that venesection almost im 
niedmteh before HN oi \ administration might elfeet a more rapid le 
generation of the niariow from the destructiie action of these agents Plieiiyl 
Indiaziiic administration would not seem paiticularl) desiiable under these 
eonditions but peihaps adequate and controlled stimulation could he achieved 
hv e\po3uie to a low atmospheie of owgen or venesection 

SUilJl VBV 

The effect of intiavenous administration of a nitiogen inustaid (nietbjl 
ins C/3 diloioethvl) amine livdiochloridcl in a dose of 3 mg poi kilogram was 
studied in noimal rabbits and in rabbits with an anemia and erjthioblastie 
hvpeiplasia pioducod by plienvtbjdiazme hv droehloridc Controls consisted 
of normal untieated niilnts and rabbits given phenvHij drazme alone Histo 
pathologic studies were made of animals from each group which were saerifieed 
at frequent intervals Hematologic ohsciwations likewise were made at frequent 
intervals 

A single intravenous injection of HN produced only a modest anemia of 
question ible significance in normal labhits which was maximal at approximate! j 
tiiiec weeks Leucopcnia and a maikcd reduction in the number of circulating 
rcticulocjtes also were produced A lapid destruction of hematopoietic tissue 
in the spleen thjmus Ivmph nodes and hone mairovv occurred within twenty 
foui hoiii’S The vntual abseiiec of mitoses during the (list twentj four horns 
iftei the inieotion of HN xvis striking iii stages up to the fifth dav mitoses 
wcie seen oiilj laitl) Dunlin the cooiid thud and fourth dujs atlei HN 
the bone nmiow was piaiticillx devoid of cells Onlv a tew scatfeied hemo 
citoblasts eiv tluoblasts plasms cells and „i uit mi clot v tes were seen Lrjthio 
cvtopoietie gi anulopoietic and inegakaivocvtopoietic iccoveij m the gioup oc 
curred moie oi less simultaiuoiisly Regeneration evidence of which was fiixt 
apparent on the fitth dav piogicsstd to an csscntiallv normal mariow by the 
tenth dav Lvmphatic tissue though severelj dam iged bv HN^ was less atiophie 
than the hone marrow hut legciiciation was slower and reconstruction was not 
apparent until aftei the fourteenth dav The ippearancc of leucopcnia and 
reticulocvtopenia coiiclated olosclv with the hematopoietic destruction atrophv, 
uicl eventual rccoustitutioii The ancmii which developed was modest prohahh 
because of the i ipid icconstitutioii of civthioev lopoiesis lu the maiiow 
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Phenjdhydiazme alone in a close totaling 40 mg pioduced an appio\imate 
50 pel cent leduetion in erythiocyte and hemoglobin values with a simultaneoub 
leticulocjdosis and eiythioblastic hypeiplasia in the bone mariow These henu 
tologic values of the peiipheial blood letuined to noimal by the twelfth day 
dftei phenylhydiazme withdrawal, but increased eiytluocytopoiesis m tlie 
maiiow persisted foi about two weeks 

Animals to which 3 mg pei kilogram of HN^ were given aftei an anemia 
and an erythroblastic hypeiplasia of the bone maiiow had been pioduced bv 
phenylhydrazme developed fuither anemia within the first five days attei tlie 
HNj administiation, but lecovery was complete by the twelfth day In fact, 
the hemoglohin and eiythiocyte values of this gioup letuined to noimal as 
quickly as in animals which weie given phenylhydi azine only The leticulocytc 
value of the animals which received phenylhydiazme piioi to the HN, fell fiom 
a value of circa 25 pei cent to 2 per cent by the thud day after HN™ but lose 
lapidly to 15 pei cent by the sixth day and slowly fell to noimal by about the 
fouiteenth day The mairow of these animals was extiemely hypeiplastic at 
the tune at which the HN„ was given The usual evidence of destiuction fol 
lowed the HNj administiation, but laige numbeis of cells in the bone maiiow 
survived as compared with animals which weie given HN, only The suivmng 
cells weie pi edominantly basophilic ei ythi oblasts and hemocytoblasts and were 
piesent in an appieciably laigei numbei than noimally piesent in contiols 
Hetei oplastic regeneiation fiom leticulai cells was conspicuous thioughout the 
fiist SIX days aftei HN^ administiation Mitoses weie present in large numbeis 
even m the eaily stages aftei the HN„ administiation and inei eased lapidly to 
a maximum by about the fouith day The moie matuie forms of the eiytluo 
blast senes weie piogiessively mci eased in the second, thud, fouith, fifth, and 
sixth day stages aftei A significant recovery of gianulopoiesis and mega 

kaiyoeytopoiesis in the maiiow was apparent beginning on the fouith and fitth 
day aftei HN, in these animals Hypeiplasia in the maiiow of these animals 
continued foi about two weeks 

The fact that further anemia followed immediately after HNn administia 
tion in the group of animals which leceived phenylhydi azine and HN_ cannot 
be interpreted as related to bone maiiow destruction since a normal oi gieatei 
than normal amount of eiytluocytopoiesis was piesent dm mg this peiiod as 
evidenced by the histologic studies and the increased numbei of reticulocytes 
111 the peiipheial blood It seems likely that this was a hemolytic effect due to 
a sjmeigistic action of phenylhydi azure and HN, under the conditions ot this 
expel imeiit 

The mitral effects of 800 i whole body x-iiiadiation on the hematopoietic 
system of normal animals and animals with a legenerative anemia and hypei 
plastic bone maiiow aie largely comparable with the initial effects pioduced 
by HNo insofar as the destruction of the bone maiiow is concerned The latter 
agent (HN^), however, apparently mtensifies the hemolytic action of phenj - 
hydi azure on circulating eiytluocytes, whereas x-iay does not Regeneration 
ot the bone maiiow after HN_ alone oi phenylhydiazme plus HN„ is iiioic 
rapid than after x-iay alone or aftei phenylhydi azine plus x-iay 
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It is> suggested that stimuhtioii of the hematopoietic system of the human 
being with disoiders such as Ijmphomata might be feasible as a means of partial 
protection of oi hastening the ieco\er> ot noimal hematopoiesis fiom such 
destiuctne therapeutic agents as \ laj oi HN 

CONCLUSIONS 

1 In noimal ralibits the intia\enous injection of nitiogen mustard (metlijl 
hi\ (/? cliloiocthjl) amine hj diochloiide) m a dose of 3 mg pei kilogiam bod} 
ucijit produces a modest anemia and a se\cic Icucopenia and leticulocj topeni i 

2 Nitrogen mustaid in a dose of 3 pei kilogiam when gi\en to animals 
in which ‘in anemia, icticulocytosis and hjperplastic mariow aie ahead} 
piesent b} \iitue of piioi phen>lh}diazine h>dioehloiide administiation pio 
duces 

(a) Fuithei anemia within the fiist five da}s aftei the HN administiation 
which IS piesumed to be due to an appaient syneigistic hemolytic action of 
plien}lh}diazine and HN on the ciiculating eiythiocjtes No latent anemia 
is produced undei these circumstances such as is produced b} HN^ alone Re 
covci} iioiu the anemia induced by phcnvlh>drazme and HN is as rapid as 
from the anemia produced b} phen>lhvdiazine alone and fastei than the le 
cover} fiom the modest anemia produced by HN alone 

(b) A leucopenia comparable with that produced b} HN onl} RecoNei} 
from the leucopenia induced by phcn}lhydraznic and HN is more rapid than 
the ieco\er} after HN onl} 

(c) A reduction of the reticulocyte \alue from circa 25 per cent to the 
normal value b} the third da} followed b} immediate recurrence of the le 
ticulocytosis HNj alone, on the other hand, produces a marked leductron below 
noimal values with a gradual return to a normal value 

3 In tire normal rabbit HNj alone produces a maiked depletion of l}m 
phatic tissue reco\ei} from which icquiies moie than two weeks Bouemaiiow 
becomes extremely atrophic but regcneiation begins b} the fifth day IMitotic 
activity which is virtually absent in these tissues foi the first twent} foui to 
fort} eight hours after HN administration is only graduall} resumed 

In rabbits with an anemia ieticuloc}tosis and h}peiplastic marrow in 
duced b} plien}lh}diazine hydiochloiide the intia\enous injection of 3 mg 
of nitiogeu mustard per kilogram of bod} weight pioduees the usual eMdcnce 
of destructive effects m the hematapoietic tissue but large number’s of hemo 
eytoblasts and er}throblasts in the bone marrow especially sur\ive which are 
immcdiatel} capable of proliferation Mitotic activit} continues at a normal 
or gi eater than noimal rate under these conditions 

4 The production of a hyperplastic (cr}throbIastic) marrow protects the 
marrow from the destructive effects of HN by virtue of increasing the popula 
tion of hemocytoblasts and basophilic ci}thioblasts which are less sensitive to 
tins cliemical agent than the more mature derivatives of these cells Hetero 
plastic regeneration from reticuHi cells hlewise piobably pla}s a significant 
role ill the rapidity of recover} 
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5 Moie immatuie foims ot the eiythioblast &eues and hemocytoblasts aie 
less sensitive to eithei a physical agent (x-iay) oi a chemical agent (HN„) 
than aie the inoie matuie foims o± the same matuiatioii senes 

6 Pi 101 stimulation ot hematopoiesis in the human being as a means of 
paitialiy piotecting the hematopoietic tissue fiom such theiapeutic agents as 
mtiogen mustaid oi iiiadiation may be feasible 

Tlie authors wish to thank Lorena Allen, Jessie Brown, and Eobert Hardy for ther 
technical assistance Tlie photomicrographs were made by Jean M Crunelle of t)ie PJio 
togrdpli> Department of Billuigs Hospital of the Universitj of Chicago 
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DIETARY AND HORMON.VL INFLUENCES IN EXPERIMENTAL 
UREMIA 


Georges Masson, 31 D , A C Corcoran 31 D , and Irvine H Page, 31 D 
Clevel,and, Ohio 

T he mechanism of uienna has not been defined in piecise chemical teims 
Still, on geneial grounds tieatment is diiccted toivaid control of azotemia 
and hypeipotassemia The most ohMoiis means to these ends aie dietaiy and 
consist 111 lestiiction of exogenous piotein and potassiiiui and in the adimn 
istiation of high cdoiic diets consisting of caibohj drate and fat Such diets 
slow the late of endogenous pioteni catahohsni and also inhibit the lelease 
of potassium fioni the cell stoics The advantages of such a legiine supple 
mented with blood ti aiisfiisioii and by antibiotics has been demonstrated 
lecently by Boist ' 

In addition theoietieal and expeiimental considei atioiis suggest that 
advantage might he taken of the actions of eeitain hoimones Thus desoxj 
coitioosteione acetate {DC A) pioloiigs life when given to animals piioi to 
lilateiil nephrectomy, ^ ' * and an antniiemic piopeity piohahly dependent 
on inci eased pioteiu anabolism' has been asenbed to testosterone' Lastly, 
mauliii since it deoieases potasseiiua and tends to slow tlie ooiueisioii of 
piotem to glucose, im„ht he of some value ' 

'While the geneial considei ations iiiideiljnig the tieatment of iiienin 
by high talouo iionpiotein diets aie entiiely cleai and xalul a suivej of the 
field indicated a deaith of ciitically eoiiti oiled expeiimental eompaiisoiis in 
sigmflcantly laige „ioups of animals The piosent study Mas theiefoie de 
signed foi the evaluation of the compaiative effects of isucaloiic diets of pto 
tein fat and caihohydiate on the siUAiial time of lats subjected to bilateial 
uephieetomy and of the effect of hoimones nndei contiolled conditions of 
diet iiid fluid intake 

The fiist senes of ohsoivations iveie made in noimal animals and the 
second in aminals in which infection Mas simulated bv foimation of tiiipentnie 
ihscesses The distinction is impoitant since infection Mitli its acceleration 
of piotein eataholism and dischaige of pioteni metal oUtes and iintassium into 
the blood is a fi eqiieiit complication in iiiemic patients 

series I NORMAL ANIM ALS, DlLATERALLV NEPHRFOTOMIZFn 
EIFECTS OF DIPT AND HORMONES 

(a) Method — The animals used were male ulbmo rats weighing 200 to 350 grams 
The experimental groups were selected for equal weights in each because age is a dcternimaut 
of surviial after nephrectomy e lo Nephrectomy was done in two stages at intervals of 

Prom the Research Division and the Prank E. Bunts Institute of the Cleveland Clinic 
Foundation 

This InvestSpatlon was supported fn part b) a le earch grrint from the Division of Re 
search Cranta and Fellowships National Institutes of Health U S Public Health Service 
Receive I for publication llarch 3 1343 
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sevea days Treatment was began immediately after remoial of the second kidnej Effects 
of each of the diets and of concurrent hormonal treatments were tested separately and, in 
each of the comparative senes, a reference group gi\en either protein or carbohydrate was 
used The carbohydrate and fat diets i\ere prepared in the manner of Eemecke, Ball, and 
Samnelsii but without salt mixture and vitamins, the protein diet used was isoealoric and 
consisted of egg albumin, casein, and a pro tern digest The diets were given tnice daily 
by gavage m a daily volume of 3 c c per 100 sq cm of body surface In each of the diets, 
this volume contained 10 calories Body surface was calculated from the formula S = KAVo oi 
where S is body surface in square centimeters, K a constant of 9 1, and AV the weight in 
grams The potassium contents of the diets weie measuied by the method of Shohl and 
Beiinettm and found to be 1 1, 0 29, and 0 SI mg per cubic ccntinietei respectively foi protein, 
fat, and carbohydrate rations 

Steroid hormones were given subcutaneously in daily doses of 10 mg of 01 cc hydro 
alcoholic suspension Blood samples of 0 2 cc were taken from the till at tliiity and forty 
eight hours after nephrectomy for determination of uiea nitrogen by the method ot Aichi 
b lid 13 

(h) Results — The efteets of tieatment on suivival time and on the level 
of hlood uiea nitiogen aie summaiized in Table I 

Inspection of the data shows fiist that suivival deci eases as azotemia m- 
cieases Second, compaiisoii of Gioiips 1 (fasting) and 2 (pioteiii-fed) shows 
that fasting, contiaiy to some impiessions, is as deleteiioiis as pioteiii feeding 
Thud, conipaiisous of Gioups 3 and 7, 8 and 12, and 13 and 17 indicate that 
suivival IS longei and azotenua less in caibohydiate- and fat-fed than ni 
pioteni-fed animals Last, suivival is somewhat shoitei and azotemia gieatei 
111 ammals given fat instead of caibohydiate, a difteience which can be at- 
tiibuted to the diaiihea caused by a pine fat diet 

Tieatment with hoimones, singly oi in combination, had no significant 
eftect on suivival and azotemia in animals fed eithei piotein oi fat How 
evei. 111 animals fed only caibohydiate, blood uiea nitiogen levels at thntv 
liouis aftei iiephieetomy weie somewhat lowei diiinig tieatment with DCA 
(Gioiip 9) and testosteioiie (Gioup 10) than in the contiols The difteience 
was even gieatei in animals given combined tieatment of the two steioids 
(Gioup 11) Mean suivival time was somewhat piolouged by hornional tieat 
iiieiit To coiifiim this obseivatioii, the expeiiments weie lepeated on foiu 
gioups (8a, 9a, 10a, and 11a) of ten animals each, which weie tieated exactly 
as weie ammals in Gioups 8, 9, 10, and 11 In these gioups blood uiea nitio 
geii concentiations at thnty houis aftei iiephieetomy were as follows gioup 
8a, 129 (lange, 94 to 150) mg pei 100 cc , gioup 9a, 92 (71 to 100), gioup 
10a, 112 (78 to 150) , and gioup 11a, 70 (57 to 87) Thus, these obseivations 
establish the facts that testosteione and, cuiiousljA DCA both tend to sup 
pi ess azotemia in caibohydiate-fed, iiepliiectoniized animals 

SERIES n ANTUALS WITH SIJIULVTED INFECTION (TURPENTINE ABSCESS) 

The piiipose of this senes of expeiiments was to test tlie effects of caibo 
hydiate feeding as such and of the same diet when combined with steioid hoi- 
mones and insulin iiiidei conditions of catabolic stiess 





928 


JIAS&ON, CORCORAN, AND PAW" 


(tt) Method — Tlurtj rits \\ere dnided into five group^^ l"ollov,mg i. twoUage 
nephrectomj, all the animals were fed a high caibohydrate diet bj stomach tube Supple 
mentarv treatment was started as indicated m Table II and turpentine was injected once 
subcutaneouslv into the prepectoral region in a dose of 0 5 c c in four of the groups Pro 
tamiiie zinc insulin was given in a dose of 1 unit daily in two groups and the steroid lior 
mones were given in doses of 5 mg twice a day m another two groups Blood urea nitrogen 
was determined thirtj and foitv eight hours after nephrectomy At forty eight hours the 
animals were anesthetized and blood was collected for potassium determmatiou is Dita 
are collected m Table II 

'lABLfc II INFLUENCE OF INSULIN AND STEROID HORMONES ON THE MORTALITY AND BloOD 
Urea Nitrogen of Nephrectomized Rats Injected With Tcrfentine and 

Fed Carbohydrate 


1 

TREATMENT 

BIOOD urea NITROGFN 
(MCr lER 100 CC ) 

AT 30 HR 1 AT 48 HR 

SERUM 1 
POTASSIUM 
(MO PER 
100 CC) 

NUMBER 

OP DEATHS 
AT 48 HR 



111 1 74 142) 

156 (125 186) 

35 

0 

Turppntine 

156 (127 172) 

242 (202 275) 

45 

1 

Turpentine and insulin 

182 (157 204) 

241 (210 280) 

42 

1 

Turpentine and insulin and 
DCA and testosterone 

179 (167 215) 

252 (217 277) 

43 

3 

Turpentine and DC V and 
testosterone 

174 (147 202) 

238 (210 272) 

4b 

I 


(b) ResuUb — The lueieased azotemu and moitality at foitv-eight houib 
miisequent on tuipentine abscesses tveie not influenced by hormonal tieatmeut 
1 mtheimote, animals which weie not given tuipentine (gioup 1) lemained 
in good condition (tempeiatuie, uiiisculai tone, leactivity), while those with 
till pent me abscesses weie apathetic, asthenic, cold, and bad buccal hemoi- 
liiages Moibidity and moitality coiiespondecl xoiiglily with the seiura potas 
Slum contents Tlieiefore, uiidei the pieseiit expeiimental conditions, neitliei 
steioid hoi mones iioi insulin piovecl to be of any advantage over feeding a 
high eai iiohydiate high ealoiic diet alone, and the diet did not pi event the 
deleti nous effects of simulated infection 


DISCUSSION 

In eailiei studies, Lyoid and Lyon, Shaftou, and Ivy’® showed that the 
mean sunival time ol iiephi ectoim/ecl dogs fed on bieacl, milk, and lactose 
was J >7 6 horns as conipaied with 105 6 hours foi clogs fed on a meat diet 
In contiast AVinteinitz, hlyloii, Wateis, and Katzenstend’ lepoitecl no bene 
ficial effects of a eaiboliydiate feeding to iiephiectomized clogs, taking as 
eiiteiia ot benefit blood luea and suivival time Then animals, howevei, weie 
tieated with fluids and alkalis, m oidei to maintain noimal blood volume and 
alkaline leseive Theie is no ptoof that such pioceclutes aie of leal benefit, 
while it IS well lecogmzecl that anuiie animals do not withstand excess fluid 
01 eleetiolytes Such tieatmeut might theiefoie obsciiie any effect of diet 
The hainifiii eftects of watei have been demonstiated by Beigman and Diuiy 
and by Biime Eveisole, and Gaunt’® Beigman and Diiiiy® also showed that 
pieopeiative fasting does not influence significantly the sutvival time, and 
that meat is definitely toxic while glucose impioves the condition of the lats 
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Thej obtained a defimtc piolonj^atioii of sui\i\al time by clailj admiiubtiation 
of 'IS little as 5 c c of a 20 pei cent glucose solution &ince this lepieseiits 
only 4 5 calories in contrast to the a\eiage dail^ intake of about 50 calories 
^iven 111 oui evpeiiments it seems cailohvdiate is beneficial e'len though it 
does not meet the caloiic lequuements Mylon and Goldstein^® found also 
that pieoperatiie feeding of a c nbohydiate diet to dogs subjected to nephiec 
tomy 01 lenal arteiy ligation piolongs the siuM\al time and delays the blood 
nonprotein nitiogeii use uliich occurs with pieopciatue meat feeding The 
toMC effects of piotein in e\peiimental uieima pioduced bj ligation of the 
\ena ca^a abose the lenal \eins have also been demonstiated by Addis ind 
Moie lecentlj Addis ® showed that piotcin diet has a deleteiious m 
fluence in animals subjected to sudden loss of three fouiths of tlie renal tissue 

These lesults and our own confitm the well established principles that 
high caloiie carbohydrate and fat diets have an inhibitoiy effect on piotein 
catabolism which in turn delays or diminishes uiemia 

DCA given preopeiatively has been shown to piolong the siuvival time 
of nephrectomized lats and mice* * * Howevei WmUei Smith and 
were unable to demonstrate any beneficial effect from DCA oi ndienocoitical 
e\tiact given postopeiatively to dogs made anuiic by uieteial ligation They 
suggested that the piobable piotective mechanism of DCA pretieatment lies 
in its depletion of the body stoies of potassium That this may be so is shown 
by the increased suivival of nepluectomized animals pieoperatively depleted 
of potassium by diet alone * ^ Rodbaul’ has confiimed the fact that the life 
of nephrectomized dogs can be piolonged by pieopeiatne tieatment with 
DCA He also observed some beneficial effect fiom DCA gn en postoperativ ely 
which was um elated to the level of seiiim potassium Oui data also indicate 
a slight effect on suivnal and a moie definite deciease in azotemia fiom post 
operative treatment with DCA and testostcione in lats fed only on carbo 
hydiate and thus coiifiim Selyc and Nielsen^ as concerns DCA Selyc*' has 
also observed a beneficial effect of tcstosteionc given pie and postopeiatively 
to nephiectomized mice &iiKe the effect cannot be iseiibed to lenal potas 
smm depletion ^ it must depend on the piotein anibolie propeity of the 
steioid 

Oui data emphasize the impoitancc of diet iii expeiiments on inunc 
animals They also suggest that some of the contr'idictoiy lesults of post 
opeiative tieatment with hoimoius as to suivival time and blood nonpiotein 
mtiogeu can be attiibuted to diffeiences in the diets on which the different 
groups of animals weie iiiaintuned in the seveial liboiatoiies While flit 
dietary data form a basis foi clinical tieitmcnt the hoimonnl effects obtained 
duiing tieatment with massive doses can haully seive is leeommendations 
foi a clinical tiial 

Finally although high caibohjdiate and fat diets can piolong suivival 
and diminish the late of inciease of azotemia in nephiectomized animals they 
aie ineffective in conntenng the piotein catibolic impulse caused by tin pen 
tme abscess This is a confiimation of Boist s obsen itioW that the effective 
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ness of dietaij tieatment depends on the contiol of infection These and 
otliei aspects of the tieatment of iiiemia have been leviewed editoiially' 
and the leconimendation has been made that Boist’s piotien-fiee legime has 
uioie theoietical nieiit than the low pioteiu latioii of Black and Stanbmy” 

SUMMARY 

Btfects of fasting and vaiious high isocaloiic diets consisting of caibo 
hydiate, fat, oi piotein weie tested in bilateially nephiectomwed lats 

Fasting IS not inoie advantageous than protein feeding Caibohycliatc 
and fat aie definitely nioie beneficial in teims of siiivival and azotenua than 
piotein diet and, of the two, caibohydiate feeding is bettei toleiated 

Desoxy^coiticosteione acetate and testosteione alone oi in combination 
weie somewhat effective only in lats ted a caiboh'^ diate diet, the most sig 
nificant change was a cleciease of azotemia following combined tieatment with 
both St ei Olds 

High caibohydiate diet alone oi in combination with DCA, testosteione, 
01 insulin did not influence the course of uiemia in iiephreetomized lats sub 
Oected to tuipentine abscess 

The authors are indebted to Dr E Henderson of the Schering Corporation, Bloomfield, 
K J, for the steroids used in this iniestigition The viluable teohnital assistmco of Lucdle 
Hunter is gratefully acknowledged 
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EFFECT OF AN ACID AND ALKALINE SALT ON THE 
URINARY EXCRETION OF IRON 


Adelaide P Barer, Ph D , and WiLLi-t, II Fowler, M D 
Iowa Ciiy, Iow\ 

M uch woik has been done on the absoiption, utilization, and excietion of 
non, and although new mfoimation is aeeumulating theie is still eon 
fusion in lespect to many of the metalolic pioeesses conceined The amount 
of non oidinaiily excieted in the uiine is small,’ - ® although a study on 100 
men and 100 womeiP showed a gieatei excietion than had many of the pie- 
vious investigations and also levealed a liighei uiinaiy non excietion in 
women than in men, 0 489 mg pei day as compaied with 0 395 milligiani The 
uiinaiy non exeietion was found to be taiilj constant in the same individual 
fiom day to day Theie is a maiked and piompt inciease in the uiinaiy non 
excietion following intiavenuous admiiiisti ation of iioiP ” although no ap 
pieciable iiieiease occuis in the non content of the feces undei these ciieiim- 
stances Little, Powei, and \YakeftekP thought that this was due to the 
niaiked and lapid ineiease in the seiuiii non concenti ation, and that it piob 
ably did not oecui with noinial non absoiption tiom the intestine Oui pie 
vious investigatioiP did not show an ineiease in the uiinaiy non evcietion 
when laige amounts of non weie given by mouth oi with niti amiiseiilai non 
injections given to the point ot toleiaiice Although pievious extensive studies 
have failed to claiify all phases of non metabolism, it appeals that non is 
absoibed iiioie leadilv when in a tenons state than as a feme salt, that an 
acid leaetion in the stomach favois the absoiption of dietaiy non, and that 
absoiption is legulated by the body need ’ ® ’ 

The pieseiit study was undei taken m oidei to asceitain the effects of an 
acid and an alkaline salt on the uiinai> excietion of non It has been deni 
onstiated that an acid media in the stomach favois absoiption of dietaij non, 
but fuithei effects ot alkalinizatioii, such as is commonly employed in the 
tieatment of peptic iikei, on non metabolism have not been studied ade 
quately 

procedure 

This studc was carried out ou twent\ oue persons (11 men and 10 women) Ten of 
the subjects had peptic ulcers The remainder weie patients on tlie medical wards who 
hid no diseise which would interfere with intestinal absorption and who were not passing 
blood from the unnurj or gastiouitestinal tract The subjects continued with their ordinar) 
routine and with their hospital diets — the iron contents of which were calculated from 
the table of Waller m No patients were receiving or had receiied iron medication so that 
no abnormal or sudden increase in the serum iron was induced No medications wore given 
aside from the alkaline or acid salts Fluids were allowed as desired at all times 

Prom the Department ot Aledicine State Unlversit> ot Iowa Medical School 
Receiied tor publication April 29 19-19 
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Dunng^ the control period, tuent> four hour urine <?peeimens were collected for three 
da>8 m glass containers %\hich irere especially cleaned to present iron contamination 
Creatinine determinations uero done each da\ to check the completeness of collection 
Iron determinations irere done in triplicate on aliquots of the pooled three day specimens 
using tho method of Reia and Chakmakjian u 

FolJoinng a control period of three da%i the patient was given 1 Gm of sodium 
bicarbonate six times a dav, and tweutv four hour unne specimens were collected for a 
three dav period and handled in the same manner as in the control period After an inter 
val of one day during which the specimens uore discarded eleven of the subjects received 
1 Gm. of ammonium chloride four times a dav for a three day period Specimens were 
handled as before 

Hemoglobin determinations were made at the beginning of each three day period 
by the acid hematin method using a photoelectric colorimeter A hematocrit was done 
at the same time by the Van Alien method' All values were well vrithin the range of 
normal, and the periods of observation were of too short duration to note auv significant 
changes in hemoglobin or hematocrit values 

RESULTS 

A sumnnrj of the '.it.'uficant findiii'.s is presentee) in Table I in nhieh the 
(lata for the male and female patients aie piesented sepai atelj 

TiatE I Effect of in tcio iio Aekaline Salt on the Uriv\r\ Eacbetiov of Ikon* 
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, . On subjecting these ilata to analjsls tho rcaults are fount to be atatlstfcallj alftnlficant 

Appljing tlie t test to the relationship bctvvten the contrcl period and the period In which soda 
bicarbonate was administered ue find that t = 3 07 with 40 degrees of freedom which indicates 
a hiRhly signlflcant difference Simnarl> In comparing the difference between the control 
period and the period of ammonium chloride administration wc find t = 1 A with id legrees 
of frtedom aeain a atattstlculb signiflcant difference 
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Administ) ution of Sodium Bicaihonate — ^It will be noted m the table that 
without exception, aftei the admmi&tiatiou of this alkaline salt theie was a 
diop in the daily urinaiy non excietion vaiymg fioni 04 mg (Patient 8) to 
28 mg (Patient 18) pei day, oi from 15 pei cent (Patient 8) to 54 pei cent 
(Patient 12) Analysis of these figiues levealed the changes to be statistically 
significant The soda bicaihonate piodueed no consistent oi significant change 
in the amount oi specific giavity of the uiine The aveiage daily iiimaiy 
non excietion foi men dining the contiol penod was 35 mg and duiing the 
peiiod of alkalinization was 22 mg oi a deciease of 37 pei cent In the 
women the aveiage excietion fell fioin 38 to 23 mg pei day oi a deciease of 
39 pel cent 

Admimst} ahon of Ammonium Clilonde — This medication was not given to 
those patients with peptic iilcei but was subsequently admniisteied to the 
eleven othei patients The ininaiy non excietion was inci eased in eveiy 
case, not only above the peiiod dining which soda bieaibonate was given but 
above the contiol peiiod as well In two cases the inciease was slight, being 
01 and 02 mg lespeetively, wheieas in Patient 18 the inciease was 60 nulh 
giam Analysis again levealed these changes to be of statistical significance 
In the men the aveiage inciease above the contiol level was 40 pei cent, and 
in the women, 86 pei cent The peiiod of ammonium chloiide admimstia 
tion was associated with an inci eased uiine volume in all female patients but 
in only tliiee of the men 

DISCUSSION 

These data show that the adnunistiation of an alkaline salt diminishes 
the amount of non excieted in the mine, ivheieas the administiatioii of an 
acid salt causes a maiked inciease when given to patients on a noinial dietaiv 
non intake Pievious woik” has shown that achloihydiia deci eases the le 
tention of non fiom a iioinial dietaiy non intake, and Mettiei and MmoP 
have shown that a bettei utilization is obtained fiom small amounts of non 
when gnen in an acid niediura LintzeP'’ states that non is absoibed only 
in an ionized foini and that an acid leaetion is necessaiy foi this ionization 
These data on the uiinaiy non excietion aie in keeping with the foiegomg 
obseivations on the absoiption of non fiom an acid media 

CONCLUSIONS 

The in mail non excietion fiom a iioimal dietaiy non intake is inci eased 
when an acid salt is admiinsteied bv mouth and deci eased when an alkaline 
salt IS gii en 
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Advwmtnition of Sodium Biuuhonate — will be noted m the table that 
without exception, aftei the administiation of this alkaline salt theie was a 
diop in the daily uiinaiy non excietion vaiymg tioin 04 mg (Patient 8) to 
28 mg (Patient 18) pel day, oi fiom 15 per cent (Patient 8) to 54 pei cent 
(Patient 12) Analysis of these figuies levealed the changes to be statistically 
significant The soda bicaibonate piodueed no consistent oi significant change 
in the amount oi specific giavity of the uiine The aveiage daily lumaiv 
lion excietion foi men duiiiig the contiol peiiod was 35 mg and duuiig the 
peiiod of alkalinization was 22 mg oi a deciease of 37 pei cent In the 
women the aveiage excietion fell fiom 38 to 23 mg pei day oi a deciease of 
39 pel cent 

Administi ation of Ammonium CMoiide — This medication was not given to 
those patients with peptic uleei but was subsequently administeied to the 
eleien othei patients The uiinaiy non excietion was inci eased in even 
case, not only above the peiiod duiing winch soda bicaibonate was given but 
aboie the contiol peiiod as well In two cases the inciease was slight, being 
01 and 02 mg lespectively, wlieieas in Patient 18 the mciease was 60 niilli 
giam Analysis again levealed these changes to be of statistical significance 
In the men the aveiage ineiease above the contiol level was 40 pei cent, and 
in the women, 86 pei cent The peiiod of ammonium chloiide administia 
tion was associated with an inci eased lume volume in all female patients but 
in only thiee of the men 

DISCUSSION 

These data show that the administiation of an alkaline salt diminishes 
the amount of non excieted in the uiine, wheieas the administiation of an 
acid salt causes a maiked inciease when given to patients on a noimal dietaiv 
lion intake Pievious woik'® has shown that achloihydiia deeieases the le 
tention of non fiom a iioimal dietaiy non intake, and Mettiei and Mmot 
have shown that a bettei utilization is obtained fiom small amounts of non 
when given in an acid medium LintzeP® states that non is absoibed only 
in ail ionized foim and that an acid leaction is necessaiy foi this ionization 
These data on the uiinaiy non excietion aie in keeping with the foiegomg 
obseivations on the absoiption of non fiom an acid media 

CONCLUSIONS 

The uiinaiy non excietion fiom a noimal dietaiy non intake is itiei eased 
when an acid salt is administeied by mouth and decieased when an alkaline 
salt IS given 
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Factors in urine cause irecipit\tion ot hemoglobin 937 


and Dodd«>, glacial acetic acid ^\a3 added to the urine hemoglobin mixtures m winch turbiditj 
or precipitation had not occurred m fortj minutes 'sufficient glacial acetic acid was used 
to depre s the pH from the original levels to a range such as might be encountered during 
acidosis, approximate!) a pll of 5 Depending on the combined bulTonng capacity of urine 
and the hemoglobin, 1 to 2 drops (OOo to 01 ml ) were necci^arj for each tube Lowering 
the pH to 4 8 to 5 2 with acetic acid cau'^ed turbiditj and precipitation lu approximate!) half 
of the urine samples In order to obsenc the effect of chlorides on hemoglobin «olubiUt\ 
in, acid urine as well as to determine whether othci ions exert an) mtluence, the following 
tests were earned out (1) urine samples were aual)zcd for their ash content by Neumann s 
methods (2) chlorides were determined b) Whitchorn s modiflcatiou^, (3) inorganic phos 
phorus was determined b) the method of \ouugburgic (4) inorganic sulfate b) Fohu's 
methodii (5) urinary ammonia was determined b\ Conwa) s microdiffusiou technique i 
These detenuinations wrere done on urine •samples which caused the precipitation of hemo 
globin without acidification and on mnet) three samples following, the addition of acid In 
the Utter group approximately oO per cent of the urine samples showed precipitation Such 
studies permitted an anal)sis of the relationship between the concentration of chloride, sulfate, 
and phosphate anions and the prestnie or absence of precipitation 

To test the effect of \arious eUctrolvtes on the solubiht) of normal and modifieJ htmo 
globiu experiments were done with volutions consisting of mixtuie of n gnen salt and hemo 
globin at pH levels of 4 5 to 5 2 Tlie influence of acidification of hemoglobin prenous to 
mixing with the "alts was dotermmed 1>) spettrophotometne absorption at diifirent wa^e 
lengths m a Coleman spectrophotomotor 


RESULTS 

"When uiine leiuleis lionioglobin oi its cleiUTtnes insoluble, one iinj ol) 
seive a uumbei of phjsioal changes Red hemoglobin is coiweitcd to a de 
natuied piotein, biowii m coloi The soluble lieinoglobin becomes tmbid 
either befoic oi aftei the coloi change ocems The Uubidit) ma\ peraist or 
111 tuin, be followed by the foimation of Msible aggitgdtes nhicli eientually 
piecipitate Some unue samples will piecipitatc mimmal quantities wheieas 
otheis CTU effect t complete piecipitation of hemoglobin deuvatives Since 
the quantity which pieoipitated was not mensuied the lesults aie eNpi^'^sed 
eithei as positiie oi negatne Human hemoglobin when added to distilled 
witei and acidified slowly foinis a few light coloi ed Tggiegates without any 
eiulence of tuibidity A compiiTble leaction was ohsened mely in uiine 
and commonly in salt solutions Hemoglobin in distilled watei at a pII of aji 
piOMuiately 5 0 was used as a contiol to asceitain if the test sample caused 
pi ecipitation 

Following the filtiation of mint and mining with a solution of hemoglobin 
se\en of 302 samples caused piecipitation at loom tempeiatuie within foil) 
minutes Tuibidity without piecipitation which we considei as eMdence of 
minimal leaction occun ed foiu times Theiefoie eleven of 302 ui me samples 
caused precipitation of hemoglobin deinatues The pH \ allies m these eleien 
samples \aued fiom 5 1 to 58 In the lemuning 291 samples the pH was 
higliei than 5 5 o\ ei 00 pei cent falling between 5 5 to G 8 

Diuang these studies it becime appaieut that tempeiature exerts a de 
cided influence on the lapiditj with which piecipitation occuis To cialuate 
the influence of tempei ituie sixts six unue samples wei( tested simultane 
oiisly at loom Umpiiatuie (25 to 31® C ) and at 37 5® C In fifty nine of 
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sixty-siN saniples neithei tmbidity noi pieeipitation occuiied In this gioup 
the tempeiatuie did not exeit any appaient influence In the lemaining seven 
mine samples pieeipitation occmied once, fom levealed tiubidity, wheieas 
two weie negative at loom tempeiatuie aftei foity minutes Samples of 
the same iiiine, when mixed ivith hemoglobin and placed in the ineubatoi at 
37 1 ° C , all caused pieeipitation within foity minutes 

The anioii coiiceiitiations in seven iiiine samples which caused pieeipita- 
tion at 37 5° C aie shown in Table I 


T\bii I Ei 1 CTRoi 1 TL CoNctN rnvTioss IN Urine AVhich Prfciiitvtfd Hemogiobiv With 

01 T Acidii-ication 
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The anion and ash coneentiations weie high in six of seven samples which 
weie analyzed The pH values vaiied fiom 5 1 to 5 8, in six samples the pH 
was 5 4 01 less Why pieeipitation oceuiied m the last mine sample is not 
appaient, smee neithei the pH noi the anion concenti ation is coinpaiable to 
that of the othei six samples The findings show that hemoglobin is lendeiecl 
insoluble by mine and suggest that the pH, eleetiolyte concenti ation, and 
tempeiatuie exeit an effect on hemoglobin solubility 

It seemed desiiable at this point to estabbsh whether any of us could 
exciete mine uhicli was capable of pieeipitating hemoglobin in vitio Watei 
was lestiictecl to help inciease the mine specific giavity Acid-pioduciiig 
diets, augmented by the oial ingestion of inandelic acid and sodium sulfate 
sepaiately at spaced inteivals, weie also taken It was difficult to depiess 
the 111 me pH, and the thiist became oppiessive Howevei, aftei foiii days on 
this legime two ot five weie successful m excieting a niuie which did piecipi- 
tate hemoglobin deinatiies wutliin foitj minutes at 37 5° C 

Obseivations on the i elationship of mine anion concenti ation and lu vitio 
hemoglobin pi eciintation following acidification Aveie made in niuety-thi ee 
samples of mine The anion coneentiations aie expiessed iii milhequivaleiits 
pel litei of mine Since the pH was loiveied in each case by the addition of 
acetic acid to a lange of 4 8 to 5 2, the latio of HoPOw to HPOw ivould be, as 
IS diagiammatieaUy illustiated by Gamble,” appioximately 50 to 1 Foi 
leasoii the phosphates aie calculated in milheqmvaleiits of H 2 P 04 " The lela 
tionship ot pieeipitation with lespect to the vaiious anions at vaiying eon 
lentiations is shown iii sepaiate columns m Table IT The lange of total 
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meibuied anioii coiicentiitiou in uiine samples is also sho-wn The fic 

quency of piecipitatiou is expiessed in fiactioiis, eg 3/8 indicates that 
piecipitation occiuied in thiee of eight lume simples at the specified anion 
Loncenti ation 


1\B1E II PEIATlONSmi OP IK \ ITRO IIFMOOIOBIK P11CJUT\TI0\ FoIU)\MNG VciblMCMlON 
TO THE \\IO\ COKCC TRVTION 


cl 1 

1 so 

1 n po 

roTu 

IMOKSt 


1 PBECIPITA 1 


1 PRFCIJ JTV 


j J RPUPITV 


1 PPECniT\ 

SIEQ /U 1 

TIOV 

iiEQ /r 

1 TION 1 

MEQ /U 

. I TlOV 

MEQ /in 

! TION 

0 20 

5/13 

0 20 

-/38 

0 10 

7/36 

0 2j 

0/1 

21-40 

2/14 

21 40 

16/26 

11 20 

10/33 

26 50 

1/0 

41 60 

5/10 

41 60 

U/21 

21 30 

10/18 

•jl 7o 

0/18 

bl 80 

7/14 

61 80 

5/5 

31 40 

4/4 

76 100 

4/13 

81 100 

0/15 

81 100 

3/3 

41 oO 

•1/2 

1 101 12o 

4/17 

101 120 

7/9 





126 150 

12/13 

121 140 

6/7 





1 151 175 

14/15 

141 60 

1/1 





1 176 200 

8/8 

161 180 

1/1 





201 225 

2/2 


Data of the \arlous aniona in the flr t tl>rcc column la tabulated on the basis of con 
ccutratton and not separate urtne samples 

tThe sum of Cl SO and H FO In a gl\en urine sample Is shown in the last column 


The lelationship of precipitation to indnidual anion concentxatiou is 
shown in the fii’st three columns The chloiide concenti ation was the gieat 
est in most of the samples Not eiident from the table howe\ei is the fact 
that the sepaiate anions fluctuated ovei a wide lange independently of each 
othei This fact e\plains the piescnce of piecipitation at some of the lowest 
Cl“, SOr, and H POr concenti atioiis In such uiiiie samples the conceiitra 
tion of the othei two amons was iLSually elevated above aveiage aalues The 
pieseiice of piecipitation at the lowest anion concentration in all tiuec col 
uiiuis indicated that this phenomenon is not due solel> to the action of a single 
anion As the milliequn alent concenti ation of the diffeient anions inci eases 
icspocti\el> the ratio of hemoglobui precipitation also rises 

Examination of the total anion concenti ation in single urine siiecinicns 
shows a consideiable aaiiation The lange fiom 51 to 175 meq pei litei in 
chides the nnjouty of the nunc samples Piecipitation occuiied ni nine of 
lift\ file samples in which the total anion concentiation was 125 mcq pel 
htei oi less In a nnjontj of these which cuised pi ecipitation the chloiidc 
concentiations tended to he low whcicas the SO* inlues weie iho\e avenge 
In thiity eight simples with a total concentiation of 12C meq pei liter oi 
moic, hemoglobin piecipitation occuiicd in thiitv six samples It is ippaient 
that when the total anion concentiation exceeds 126 meq pei Iitei hemoglobin 
piecipitation almost alwavs oecuis at pll values close to 5 0 

A compaiison of results in Tables I and II indicates the following The 
total concentiation of the anions measuied in urine samples which caused 
precipitation without the addition of salts oi acids is in agieement with but 
one exception with the values observed in uiiiie samples following acidifica 
tion Intel estmglj the concentiations weie higher in the unmodified 
sanqiUs In some of the uiiiu simples the lumoglohin solul)ilit\ w is not af 
fcclcd as inticipntcd Thit is piecipit itioii occuiicd at unusinll^ low total 


940 


'\ILL0UN, HUSION, HUSION, CLKAIAIONfe, AND LALICH 


tinioii coiiceiitiatiojis oi m the mteimeclidte laiige (76 to 125 lueq pei litei) 
The cause foi hemoglobin pi ecipitation in the unusually low concenti ations 
IS not evident Howeiei, ivhen pi ecipitation was obseived at concenti ations 
ol 76 to 125 meq pei litei it was customaiy to ha\e low Cl" and high SO/ 
\ allies 

To deteiinine the influence of clifteient electiolytes on pi ecipitation in a 
pll lange ol 4 5 to 5 2, a senes of expeiimeiits was peifoiiiied with pine salt 
solutions and heiiioglobiii (Solutions of noinial and modified hemoglobin weie 
used The hemoglobin was changed by cliiect acidification with N/10 HCl 
until the ])H was depi essed to 4 92 This acidified hemoglobin was then men 
iiated at 37 5° C toi sixty minutes Piioi to mixing ivith puie salt solutions, 
the noimal and acidified hemoglobin weie diluted 1 200 in 01 pei cent 
N’a.t'O-i and analyzed spectiophotoinetiically I’he absoiption ciiii'e of the 
acidified hemoglobin was slightly modified, it eiossed the cuive of iioinial 
hemoglobin at 585 and 512 mp, indicating that acidification and incubation 
had caused a change in the hemoglobin molecule Solutions of pine salts at 
difteient molai concenti ations in 5 ml quantities weie mixed with 05 ml of 
hemoglobin, and the pH was adjusted to appioximately 5 0, ivheii necessaiy, 
with N/10 HCl The lesiilts of some ot the studies with mixtuies of puie salts 
and solutions of noimal and paitially denatuied hemoglobin aie shown in 
Table IH 


TiBit III Tin IsiLUEvcb OP Dippeeest Salt Concentrations and the Puriti oi Hemo 
GLOB ix ON Precipitation in the Specified pH Ringfs 


SlIT ] 

1 Noun M hemoglobin 

1 ACIDIFIED HEMOGLOBIN 


Molar concentratioa 

HBi 

04 

03 

02 

04 

■Bi 

KM 

Kia 

NaCI 

pH 

52 

52 

52 

52 

52 

52 

53 

51 

1 

Heaction 

- 

- 

- 

- 

+ 

+ 

- 

- 


Molar concentration 

Kill 

0 30 

IBliM 


02 

mrnm 

0 05 


(NHP SO, 

pH ' 

54 ‘ 

50 



52 

52 

53 

49 


Beaction ] 

_ 

- 

- 

mm 

+ . J 

+ 

- 

“■ 


Molar concentration 

0 5 

04 

0 3 

02 


BBi 

Kna 

0 025 

NujSO, 

pH 

51 

51 

52 

51 


1 52 

52 

52 


Reaction 

- 

- 

- 


1 + 

; + 




Molar concentration 


0 05 



1 02 

01 

WligM 

nnijg 

Ha HPO, 

pH 


49 

1 51 

51 


52 

51 

49 


Reaction 

+ 

+ 

j _ 

. - 


+ 

- 

- 


i Molar concentration 

i 05 

04 

03 

02 

05 

KE9 


KEGI 

HtH PO, 

pH 

i 4 7 

4S 

49 

50 

45 


46 

•1 0 


1 Re iction 

t - 

- 

- 

- 

+ 

+ i 


— • 


Reactions followed for twentj minutes Hemoglobin acldifted and the pH of salt mixtures 
adjusted b\ X/10 HCl acid 


"When noimal hemoglobin was mixed with solutions of NaCl, (NH4).S04, 
NacS 04 , and NaH.POr in winch the molai concenti ations vaiied fioni 0 5 to 
0 1 pi ecipitation did not occui in tiventy minutes Addition of hemoglobin 
to Na.HPOj solutions in molai concenti ations of 0 1 to 0 05 piodiieed minimal 
in ecipitation following the adjustment of pH to 4 9 to 5 1 The diffeience ob 
seiied nhen using Na-HPOi instead of NaH 2 P 04 solutions is piohably lelatec 

to the initial high pH Amlue of NajHPOi, since the final latio ot jjpo^= 
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would lie oriiuil ittei (lu pH w in idjustid The pH Nilues foi NHljPO, lie 
lowei tliaii foi tilt lest of the silts liecniise of the difficulty encounteied iii 
adjusting the pH to 5 0 The jiartli modified hemoglobin, on the othei hand, 
wns nlmost completelj pieeipitsted ivithin twenty niiniitcs li\ the highei con 
centiations of all the cleetioljtcs used 

DISC UShlON 

Pioteiiis have been shouii to he least soluble in the neighboihood of then 
isoeleetiie points In this stueh hemoglohiu was not piecipitated by mine 
it 01 neai its isoeleetiie iioint of 6 4 It ls felt therefoie that the in iitio 
influeiiee of iniiie on heiiioglol in soluliilitj is not due to this fnctoi Hemo 
plobiii IS known to be aniplioteiie it acts is iii acid on the alkaline side of its 
isoeleetiie point and as i liase heloii a pH of 6 4 when it has a net positne 
ehaige ” In iieiv of this one would e\pect the hemoglohiu to bind the amous 
1 1' SO, and HjPO, moie stiongly at i pH of 5 0 than at its isoeleetiie point 
liirthernioie it is well known that ions of highei laleiice aie inoie effectiae 
pieoipitating agents In this lespeet the SO, anion would he quite effective 
since at a pH of 5 0 it exists almost cntirelj in the bnalent foim 

Green has shown that eleetioljte conceiitiatioii eseits a decided influence 
on hemoglobin solubiiitj at diffeieiit pH lei els “ Gieen s e\penmcnts, how 
e\ei wore conducted at pH levels higher than 5 8 Likewise hei studies weie 
done with unmodified hemoglobin wheieas the piesent studies aie complicated 
l)j changes iii hemoglobin and the presence in nnne of othei solutes which 
might eithei augment oi inhibit the effect of electroljtes It is appaient 
that hemoglobin pieeipitation in uiinc in iitio is a comples phenomenon in 
which multiple e aiiahles aie operating At the piesent time the in vitio 
hemogloliui pieeipitation can he attributed to pH and anion altciations How 
caer, an esplaiiation foi the mechamsin of pieeipitation will leqiuie fuithei 
study and avould appeal to entail iiidiMdiiai studj of the aaiiahles known to 
exist in this sjsteni 

Baker and Dodds* originalh suagested that tavo entirely independent f.ie 
tors are lequned foi the pieeipitation of hcmoglohin in mine Fust a pH of 
5 to 6 is leqnired to conveit hemoglobin to methemoglobin and possiblj aeid 
hematin Second the mine must haae a minniial concentration of about 1 
pel cent NaCl Oui studies aie in agi cement aaith the fiiist suggestion that 
acid mine which conaeits hemoglobin to othei deiiaatiaes is conduciae to 
pieeipitation Howcaei oui findings do not suppoit the hypothesis that a 
NaCl coneentiation in excess of 1 pei cent is leqmied In oni studj the nnne 
samples which caused in aitio pieeipitation of hemoglohiu ncaei had a calcu 
lated NaCl coneentiation of 1 pci cent We did howeaei find a close rela 
tionsliip between the total anion coneentiation and pieeipitation iii mine 
samples in which the pH is 5 4 oi less 

It became eeident tint tliiee fittois aic necessaij before mine causes 
precipitation of hemoglobin an acid uiine of propei pH anions in sufficient 
coneentiation and Inst, a modified hemoglobin Initialh we were not aware 
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that hemoglobin modification maikedly accelerates piecipitation until a study 
of the mfliienee of pine salts on hemoglobin solubility was iindei taken Bakei 
and Dodds do mention denatuiation as a factoi in. conounction with acid mine 
Ilowevei, one is not apt to considei hemoglobin changes of significant impoi 
tance because a pH of 5 0 to 5 4 is desiiable in mine before the ions begm to 
e\ei t significant activity In view of this, one is likely to assume that hemo 
globin modification is meiely an associated change rathei than a factoi which 
exeits a decided influence on the lapidity and quantity of piecipitation 

Whether the ability of in me to piecipitate deiivatives of hemoglobin is 
of any impoi tance in the piodiietion of hemoglobiniiiic nephrosis lemams to 
be established We aie able to coiifiim that acidification of human luine 
ivithm the physiologic lange causes piecipitation of modified hemoglobin 
It was possible to show that unmodified human iiiiiie ivith the piopei aeiditj 
and amon concentiation also pieeipitates hemoglobin derivatives It is 
ha/iaidous to conclude fiom in vitio expeiiments whethei precipitation will 
occiii 111 vivo iiiidei similai conditions Howevei, one cannot help but wondei 
whethei the mechanisms lesponsible foi hemoglobin piecipitation in vitio aie 
not also 111 pait lesponsible foi intiatubular hemoglobin east formation 

CONCLUSIONS 

It has been possible to confiim the obseivations that acidification of unnc 
within the physiologic laiige will effect a precipitation of hemoglobin by some 
of the 111 me samples 

L'line which is not modified by the addition of eithei salts oi acids and 
which is capable of piecipitatmg modified hemoglobin can be obtained fiom 
some patients Healthy individuals existing oilman acid-pi odiicmg diet which 
IS augmented bj the oial ingestion of maiidelic acid and a limitation of w'atei 
intake aie able to exciete uiine capable of effecting piecipitation of henio 
globm 

Uime which pieeipitates hemoglobin in most instances would appeal to 
possess seveial vaiiables In addition to pH and anion concentration studied 
in this woik it would seem that the knowm and unknown factoi s, which aie 
lesponsible loi modification of hemoglobin, play an impoi tant lole m thi'’ 
ss stem 
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Tyiode solution containing 20 pei cent sucio&e by volume e\tiacted an 
aveiage 52 1 mg pei cent nonpiotein nitiogen in three to foiii liouis by isolated 
loop pel fusion, oi moie than six times the quantity recovexed in any otliei 
hypeitonic peifusion expeiiment and ten times the amount lecoveied ivith an 
isotonic solution (Pig 1) The quantity of nonpiotein nitiogen extiacted m 
the peifusate was loughly diieetly pioportional to the hypeitonicity of the 

NPN 

mgr 



Fis 1 — i^onprotein nitrogen reco\ered in perfusate using Tyrodehypertomc solutions unto 

standard conditions 

peifusion solution (Pig 1) Enteiic peifusion using Tyrode’s isotonic solution 
piodiiced the gieatest leductioii of plasma nonpiotein nitiogen (Pig 2) No 
con elation between the degiee of plasma nonprotein nitiogen i eduction and the 
amount of nonpiotein nitiogen extiacted in the peifusate could be established 
(Pigs 1 and 2) Individual vaiiations of piotein metabolism, state of hydra 
tion, and nonpiotein nitiogen-cellulai -interstitial space-vasculai equihbimm 
may account foi these discrepancies 

Tjnode solution containing 20 pel cent MgSO^ leduced plasma nonpiotein 
nitiogen lapidly Dehydiation, salivation, vomiting, appaient disonentation, 
and exhaustion prompted peifusion discontinuance aftei one and one-half houi 
lespectn ely Eight hours latei, both dogs had fuUy lecoveied 

Isotonic and hypeitonic Tyrode suciose solutions containing 0 OOlil 
as a piotoplasmic poison extracted nonpiotein nitiogen in comparable quaii i ' 
to Tjmode suciose solutions vnthout the piotoplasmic poison (Pig 3) 
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Fiff 9 — 1 lasma nonprotein nitrogen lo«t3 following isolated loop perfusion nith hipertonlc 
T>rode solution under standard conditions 

^ Tyrodei tiotonle 

(|[[|] Ty ad<t lielo le Sol « ih ool HgClz 
I 20X S «ro>« •> Ty otfo* Sol 

20% S e o«« — Tyrodot SoL « th 001 HgCIs 



3 — The effect of perfusion fluids containing a protoplasmic poison on the Quantity of 
nonprotcin nitrogen recovered (standard conditions) 
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\o constant clianycs weie obseived m weight, hematociit chloiide, oi total 
Ddse \alues foUoMnng isolated loop peitusion with hypeitome siiciose'Tjiode 
solut’ons i\o geneial edema noi evidence ot Iiyperchloiemic acidosis was en 
counteied dining the lepoited expeiiments 

Peitusate collected fiom dogs migated with Tyiode hypeitome suciosc 
1 luds ga\e a negative benzidine occult blood leaction Microscopic examination 
showed no significant cellulai structmes aftei three to font houis of peitiisiou 

Inci eased mine coneentiation was obseived in the inajoiity of expenraeiits, 
althoiigh conesponding weight changes and hematoent values failed to lefleet 
dehydiation Uiine qiialitatii e i eduction tests yielded a ++ to + + + leactioii 
111 animals pei fused with a Tyiodc 20 pci cent suciose solution 

DISCUSSION 

Twenty per cent hi pei tonic suciose-Tyiode solution was the most effeetne 
peifusion fluid in lemoung nonpiotem nitrogen iicm the expeiimental amnial 
e s and Johnson-® have suggested that hypeitome solutions ineiease the ex 
cietion through the bowml w'all by pioduemg a chemical oi physical nutation 
lathei than h\ a piuelv osmotic process In oidei that the clectiolytic balance 
0 the expeiimental animal be pieservcd, and since the piocess of dialysis is 
leiersible, an n ligating fluid (Tjiocle solution) closely lesembling the electro 
ite pattern of the blood was chosen Distilled watei alone as a perfusion fluid 
estioxs bowel mucosa'^ Eleetioljte balance, particnlaily with lefeienee to 
t le coneentiation of the monovalent ions, is not entiicly dependent on the action 
ot diahsis alone Visschei’®® has shown that monovalent clilonde ions may pass 
lom the bowel lumen bv seleetne action of the mucosa into the ciiculatmg blood 
btieam against highei coneentiation giadients Compaiable clinical obseiva 
tions have been noted hi Daugheity and co-woikeis ® Apparent alterations 
in the elect! oh te patterns mai be caused by changes m hydiation of the ex 
peiimental animal as well Theie w'as no significant constant change in lieno 
coneentiation as measuied hi hematociit values, flu’cl balance, oi electrolyte 
equilibiiiim during the peitusion peiiod 

MgfeO, in coneentiations gieatei than 10 pei cent is not satisfactouh 
toleiated for piolonged periods of peifusion Gieatci moleciilai coneentiations 
of relativch nontoxie molecules in an electiolytieally isotonic solution appeared 
to us to offei a solution foi a raoie eftective peifusion finid Suciose was chosen 
because of its (1) low^ moleculai weight, (2) low' toxicity to living tissue, (3) 
potential caloiic value it liydiol>zecl and absoibed, (4) availability, and (5) 
low cost 

With coneentiations of suciose of 50 pei cent, vomiting and other tovic 
manifestations occm Sucrose in hv'pei tonic solution is damaging to cell stiuc 
tme It IS leasonable to expect that W'lth piolonged iriigation the effect of m 
testinal peifusion, as measuied bv' the leeoveij ot nonpiotem nitio"eii might 
deciease Howevei, bj damaging the action of the mucous mcminane with a 
meicuiie ehlonde 0 001 molai solution^’® m Tyiode solution foi peifusion pii>' 
poses, compaiable amounts of nonpiotem nitiogen weic leeoveied as coinpai'^‘ 
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A\ith those cNpeiiments ulieic isotonic T\rode solution or 20 per cent suciose 
T\rode solution "was used alone This suggests that the state of ph^slologle 
integrity of a boird uall uill not gieatlj affect dialjsis 

Dogs perfused -with 20 per cent MgSO^TMode solution and other high 
concentrations of hypertonic fluids were able to cstiaet water fioiii the perfusion 
fluid 111 both e\periments in ivliich 20 per cent iIgS 04 T\rode solution was 
cmplojed as a perfusion fluid, the reeoycred \ohinie of irrigating solution was 
less than the lolume introduced Comparable obsenations ha\c been made bv 
White and Harkins ® 

P\RT II 

M ITERLVLS \ND METHODS 

Tlje animals utilized in Part I were bilaterally nephrectomized under sodium pentotbal 
anesthesia Twenty four hours after operation, continuous irrigation of tlie Thiery 'N ella 
loop Mas instituted with 20 per cent <iucrose Tyrode solution modified after the methods em 
ployed m Part I Water but no food was offered during the continuous perfusion period 
Intramuscular dmded doses of sodium pentothal were admimstered as a edatire Parenteral 
fields and salts were given intravenouslv ns required based on plasma studies as outlined 
in Part I 

The following determinations were earned out before nephrectomy and every twenty 
four hours thereafter until the animal expired hematocrit plasma chloride total protein 
nonprotem nitrogen and total base The recovered perfusate uas volumctncally measured 
and examined for urea nonprotem nitrogen chlorides total protein total base, occult blood, 
and fragments of tissue The period of survival was mca ured from the conclusion of the 
nephrectomy operation until the animals expired 

RESULTS 

Ayerage sui\iyal time of ncphrectomized dogs treated by coutmiioiis hypci 
tonic (20 per cent sucrose Ty rode solution) Lsolatcd loop irrigation y\as 801 
hours In spite of 4 38 to 612 Gm urea lecoyered in the tyventy four hour 
penods, the plasma nonprotem nitrogen piogiessnely increased (Fig 4) The 
typical clinical picture of uremia chaiactenzed by anorexia vomitmg, excitatory 
phase, spasmodic muscular contractions apparent irrationality letliargy and 
death was obsened There yvas no eyndence of edema All animals lost from 
3 to 5 pounds of yreight accounted for by (1) vomitmg (2) salnation (3) in 
sensible yvater loss (4) fecal incontinence Tyvo Imndred to fiye hundred 
milliliters mtra\enous fluids per animal per tyventy four hours were sufficient 
to maintam normal hematocrit yalues Total plasma proteins and chlonde 
^aIues remamed relatiyely constant except as temporarily affected by the 
diurnal's state of hydration 

Perfusion fluid recovered (244 liters per tyyeaty four hours ayerage 
yolurae) yielded 0 2 Cm urea per liter or 4 87 Gm per tyventy four hours 
(Fig 4) Occult blood yvas detected after forty eight hours of continuous 
lay age, and fragments of tissue y\ere seen in the perfusate after seyenty tyvo 
hours. 

Postmortem studies reyealed no pleural but slight (15 to 20 ml ) pen 
toneal effusion Tlie Thiery Vella loops (ayerage length 82 cm ) contained 
multiple mucosal ulcerations from 1 mm to 4 cm m diameter In tyvo speci 
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mens, the isolated loop walls weie thickened two to thiee times noinial size b} 
edema and hypeiemia Subseiosal hypeiemia was pionounced The amount 
of bowel damage was diiectly propoitioual to the duiation of pei fusion 



Fig 4 — Relationship of plasma nonprotein nitrogen to recovered urea bj 
hypertonic lavage (20 per cent sucrose-Tyrode solution) in nephrectoniized dogs in-'c 
\alues, five experiments ) 

DISCUSSION 

Survival time (eighty houis) of nephrectomized dogs tieated by continuous 
hypertonic (20 per cent suciose-Tyrode solution) perfusion was insignificantl) 
longei than that of the contiols of Bliss and eo-woikeis* (tluee days) an 
White and Harkins*® (seventy-thiee hours) and was comparable to that o 
the controls of Abbott and Shea^ (thiee to five days) Suivival tune of un 
tieated nephiectomized dogs is variable Ivy, Barry, and co-workeis had con 
trol animals suivive foi more than one hundred hours average 

On the basis of comparative suivival times of the untieated nephrectoniized 
dogs, any claim of therapeutic success by the method studied must be legai 
as invalid 

Hypei tonic isolated loop enteiie lavage yielded significant quantities 
urea m spite of extensive mucosal damage, a fact foreshadowed (Pait I) by 
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lelatively lai{,e uonprotem nitiogeu jTeld thiougli the isolated boiiel wall, the 
Riucosa of which was damaged by a protoplasmic poison (Fig 3) 

It was not within tlie scope of this work to obseive, ui great detail, the 
effect of hypertonic isolated loop lavage upon the chemical structure of the 
plasma or evtracellular fluid Howcier, from our data, little deleterious effect 
was observed upon the noimal values of proteins, chlorides, total base, and 
hematocrit Prolonged continuous irrigation produced mdd dehydration readily 
corrected by intravenous fluid replacement 

We are in accord with Gamble’s behef’^ that “in uremia, the defense of 
the chemical structure of evtracellular fluid is of much more importance from 
the point of view of suivival than the reduction of azotemia ’’ Recent work“‘ 
has strengthened this beUef 

Therefore, it would seem reasonable that a more promising approach to the 
therapy of uremia uould be a combination of azotemic reduction and proper 
administration of a balanced solution of electrolj tes 


SUJIMAEl AND CONCLUSIONS, PARTS I AND H 

1 Hypertonic (20 per cent sucrose Tyrodc) perfusion fluid was ten times 
more effective than isotonic fluid (Tyrode) m extracting nonprotein nitrogen 
fiom a dog’s isolated enteric loop 

2 The amount of nonprotem nitrogen extracted by isolated enteric lavage 
tv as roughly proportional to the hypcrtonicity of the perfusion fluid 

3 Hypertonic (20 per cent suciose Tyrode) solution for isolated enteric 
loop lavage produced no appreciable changes of plasma acid base or water 
eqmbbnum ov er three to four hour periods 

i Continuous hjpertouic (20 per cent sucrose Tj rode) isolated enteric 
lavage did not pioloiig the survival period of nephrectomized dogs 

5 Coutmuous hypei tonic (20 per cent sucrose Tj rode) enteric lavage 
eventually produces mucosal ulceiations and bowel damage 

The authora are indebted to Dr D A ilacFadjen for hia man^ helpful suggeations 
and to ilisa Helen Ellis for her technical assistance in this studj 
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PROGRESSIVE CHANGES IN LIVER COMPOSITION, FUNCTION BOD\ 
FLUIDS AND LIVER C\TOLO&\ DURING PROTEIN 
DEPLETION IN THE RAT AND THE EFFECT OP 
CHOLINE UPON THESE CHANGES 

Cheng Pv W \Na MB Ch B D Maiik Hegsteo, Ph D , Angelo Lapi M D , 
Norm vn Zamcheok M D and Melvin B Black, M D 
Boston, JiLass 

I T IS known that the Iner is the first organ to suffer a serious loss of pioteiu 
durmg stai’vation or tlie development of protein deficiencj Addis, Poo, and 
Lew' ^ found for example that 20 per cent of the protein of the liver of well 
fed rats was lost during a two daj fast and that iO per cent was lost after a week 
of fasting Kosterlitz' * lepoits that rats fed a protein free diet lost 15 per 
cent of the liver cjtoplasm during the fiist daj It thus appears that a con 
siderahlo amount of the livei piotem is easilj mobilized After the first few 
days the liver losses become much less and according to Campbell and Koster 
litz follow an exponential cui v e as protein starvation continues 

Cytologic tvidencc has sliowm that the iibonucleic acids also aie rapidly lost 
from the liver during protein defieienev Elman and associates*' ' Kosteilitz’ ‘ 
and AVang and Hegsted* observed simultaneous clearing and vacuolization of the 
cytoplasm togethei with losses of the basophilic staining material which was 
appaieutly ribonucleic acid ” *' It is not clear vvhcthei or not these losses 

represent seiious functional changes of the livei 

An accumulation of fat in the livei has been observed dunn„ the develop 
incut of piotein defieienev ‘ In view of the diets which have been used it 
mav be expected that this inav be paitially lelated at least to a simultaneous 
deficiency of choline Hough and co vvoikcrs'’ observed that the idniinistiation 
of oholino to piotem depleted do„s lai^ely pievented the changes in hepatic dye 
vlcaianct and the rise m seium phosphatase which occuired on the piotem 
deficient diet thov weie usm„ It nivy be expected that the development of pio 
tern deficiency m man niav also be complicated bv low choline intakes 

This papoi leports the results of studies of piotem deficiency m rats which 
itveived diets cithci pool or iich m choline Changes in the composition of 
the livei blood and plasma volumes thiocyanate space biomsulfalcui clearance 
and plasma nitiogen were determined and histologic exammations of the liyers 
were made in an attempt to corielatc moiphology with the analytic data obtained 
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EXPERIMENTAL 

The study was made Yith young adult female lats which weighed appioxi 
mately 200 giams at the time they weie given the pioteiii-liee diet The diets 
weie of the puiified t>pe pieviousl> deseiibed® and contained glucose, 89 pel 
cent, com oil, 5 pei cent, salt mixtuie,^^ 4 pei cent, cod-livei oil, 2 pei cent, and 
supposedly adequate levels of all of the B complex; vitamins except cholme m the 
low choline diet This diet contained 30 mg of cholme chloiide pei 100 Gni , 
vhile the high cholme diet contained 500 mg pei 100 giams The animals weie 
housed m indindual cages m a lOom of appioximately constant teniperatiue, 
78° to 80° P The diets weie fed ad libitum but food intake was lecoided at 
tw'o- 01 thiee-day mteivals by weighing the amount of food not eaten Amnials 
w'eie killed at niteiwals of thiee, twelve, twenty-five, oi moie days as mdicated 
below' A total of thiity animals was started upon each diet but it w'as not pos 
sible to make all measurements on each anmial The figuies piesented below 
show' the number of animals from winch data weie obtained at each peiiod of 
deficiency 

At the time of sacrifice, the blood and plasma volumes, thiocyanate space, 
and biomsulfalem cleaianee w'eie deteimined as pieviously desciibed*' The 
livei was immediately lemoved, samples were taken fiom both the light and 
left lobes foi histologic study, and the lemaindei was prepared for chemical 
analysis Watei content was determined by dijnng at 95° C , glycogen and fatti 
acids plus the unsaponifiable fi action as pieviously described,® and total iiitio 
gen by the macio-Kyeldahl method Total plasma nitiogen w’as meas iied colon 
meti really by the Nesslei method aftei digestion 


RESULTS 


Biochemical Analysis — Fig 1 summarizes the changes observed m the hvcr 
w'eight On the high cholme-low' piotem diet there was an immediate fall dinm" 
the fust three days from appioxmiately 8 giams to about 5 5 grams This weight 
was maintained approximately constant for about two weeks and then giadualh 
fell When expressed as pei cent of body w'eight the original deciement is still 
apparent, but after a period of depletion it again legained the oiigmal relation 
to body w eight and w'as maintained at this level throughout the depletion These 
thaiiges are interpreted as an original loss of livei substance w'hicli is muci 
greater than the relative loss of body substances, but during the follow'iiig two 
weeks the relative loss of body weight exceeded that of the livei During 
latter stages of depletion the percentage losses from livei and the lemamdei o 


the body aie approximately equal 

Animals which leceived the low cholme diet failed to show' the oiigmal 
Inei weight loss because of the accumulation of fat as shown below Diiimn 
later periods most, but not all, of the fat was lost so that the Iivei w'eight change'’ 
were appioximateh the same as in the high cholme group This was also shown 
by the similarity of the two groups when fat and glycogen weie subtiacted fio'” 
the dry livei weight to gue nonfat, iionglyeogen li\ei weight, presumably' piotem 
weight This fell gradually' and appioximately' to the same extent in both gioup® 
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The loss of nitiogen fiom the livei was smiilai legaidless of the choline content 
ot the diet (Fig 2) Bodv weight loss was also similai in the two gioiips (Pig 2, 
inseit) In the lattei stages of deficiency the late of body iveight loss evceeded 
that ot livei nitiogen loss Some fat accumulated in the livei duiiiig the eailv 
stages ot deficiencj e\en though choline uas supplied Consistently laigei 
amounts of glycogen weie found in the liveis of animals which leceived the 
lowei level ot choline 
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Fig 3 — Scatter diagram showing the relation of blood bromsulfalein coiic^tratlon fl'C 
minutes after injection to total Iivei nitiogen as compared with total livei fat 
correlation with liter nitrogen is mainlj due to a simple deciease in liter size with loss <a 
weight 

The absolute amoimt of biomsulfalem cleaied fiom the blood fell iiiaikediv 
duiing the depletion peiiod This may be infeiied fiom Pig 3 since the lilood 
coneenti ation of biomsultalein five minutes attei the injection of a 5 mg dose 
IS much Iiighei in those animals with less total nitiogen pei livei, that is, the 
animals subjected to piotein deficiency foi the longest peiiod of time It is aho 
deal fioin the iight-hand side of the same figuie that the blood level is not mcH 
coil elated nith the degiee of fatty infilti ation which developed in these animals 
Tims as pioteni deficiency developed, the animals weie able to iemo\e sniallei 
amounts of a standaid dose of biomsulfalem fiom the blood in a given time 
peiiod Honevei, the deficiency is not only associated with a deciease in Inei 
size but with a fall m bodA Aveight and blood Aolume as aa'cII, and an adequate 
lepiesentation of the situation must take these changes into account Results 
piesented eailiei'-' shoAsed that the biomsulfalem eleaianee of iioiniai lats m the 
fiist fisc inmutes attei injections yielded a stiaight-line lelationship AVith dosage 
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uhen both cleaiancc and dosage weie eNp^esstd in teims of millioiams per 100 
5 ,ranis of bod} n eight TJie values obtained with the protein depleted animals 
ue e theiefoie (.ompaiod with the values cvpccted fiom normal rats of the same 
weight The deviations fiom iioiinal (negative deviation equals incieased biom 
sulfalcin rttenuon) aie shown in Table I In none of the animals was tlic 
deviation fiom the expected value great and none of the mean values piescutcd 
111 Table I weie significanth diffeicnt tiom the e\pected value vvlicn tested 
statistically b> the ‘ t” test Thus it is concluded that esscntiallj ail the dcciease 
in biomsullalein cleaiance is accounted for bv the loss of body and livei weight, 
uid there is no pioof of malfunction of the remainiiio livei tissue It is tiue 
tint the deviations fiom noimal tend to become greatei as the deficiency is pro 
longed, and additional data might piove these deviations significant statistieallv 


TiBir I Buomsdifmein Cievrakce iv Protein Deficient Amsiai.s Compvred With 
Values for Normai Rats 


DIET 

time on 

DEFICIENT 

DIET 

NUMDEP 

01' 

VNIMAI S 

1 MEAN DEVIATION OF 

BROMSULFVrCIN CLZARANCF 

1 IBOif NORMAI 

(MO /1 00 OM BODV WFIGHT) 

High choliDe 

3 

9 


protein free 

22 


- 149 ± 096 


2*5 


1 -1S7 ± 095 


40 




50 

2 ' 

-370 ± 122 

I ow choline 

3 

7 

-076 ± 157 

pro em free 

u 

0 ! 

- 181 ± 137 


24 

7 

-0')2 ± 296 


so 

1 

-40 


Staudaril error of the mean 


The changes iii the body fluid volumes aic indicated in Pig 4 The thio 
cyanate space fell graduallv and neaily parallel to the fall in body weight so 
that the latio ol thiocyanate space to total body weight icmamed constant foi 
approximately foity davs Aftei this peiiod there appeared to be a slight 
tendency for the thiocyanate space pci unit liody weight to incioase TIils 
mciease it significant would icpicscnt a tendenev toward edema The changes 
m plasma volume showed the same trend as those of the thiocyanate space 
ECFV 

so that the latio — remained esseiitnllv constant even aftei prolonged 
depletion 

The total plasma iiit Of,cn eoncentiation showed an carlv marked diop at 
the same time that tlic plasma volume was slirinkuio This itsultcd in a con 
siderable decicasc m the total ciiculatin„ plasma nitrogen (TCPN) Tlie loss 
m body weight was also large (Pio 2 inseit) and the total circulating plasma 
nitiogcn pel 100 grams of bodv weight showed only a slight and appaientlv 
insignificant diop Duiing the latter stages of tlie deficicncv the plasma nitro 
gen concentiatjon incicased coiisidcrablv so that the total ciiculiting nitrogen 
pel 100 gianis of bodv weight lose This occuiied simuitancoush with the rise 
m thiocvanatc space It is deal that Iheie was no consistent iclatioii between 
the plasma nitrogen and the thiocyanate space Since the formation of edema 
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IS expected to be i elated to a fall in plasma piotein concentiation, the changes 
obseived aie the opposite of those expected The total plasma nitiogeu figuies 
lefieet changes in both plasma pioteins and nonpiotem nitiogen Since tlie 


if 


PLASMA 

VOLUME 

CC 


EOFV 


P V 


13 


IS '» 

CD ~ 




DURATION OF PROTEIN DEPLETION (DAYS) 


Fig I — Variations in the distribution of bodj fluid \0lume3 and plasma nltrofeen during protein 
depletion Numbers at the various points indicate Uie number of animals useu 

nonpiotem nitiogen of tj-pical animals at vanoiis stages of depletion leniamed 
essentially constant, and less than 30 mg pei cent, it is appaient that an lucieasc 
in plasma nitiogen lepiesents an mciease m the total plasma proteins 

None of the data m Pig -I mdicates that cholme deficiency and the resultant 
iati^i In eis aie of importance m the changes in fluid volumes observed 

Gloss Pathology — As early as the thud day, some of the livers appeaie 
jiaki than those of normal animals As the deficiency period increased, 

In eis> became successively paler and y ellowei mrtil at tn enty days of deficiency 
they neie definitely and uniformly yellowish-brown rather than the norma 
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purplish red coloi After t^velve dajs on tlie deficient diet, some annuals shoued 
marked involution of tlie tJivmus Fiom fins time on, subcutaneous edema 
appeared in a few of the animals Although difficult to evaluate because of the 
gieat loss of tissue and fat this appeared more severe and inoie luiifoira aftei 
long periods of deficiency 

Mtcroscopic Pathology — Blocks of tissue i\ere fi\ed lu 4 per cent aqueous 
foimaldehyde Zenker acetic solution and absolute alcoliol Eosm methj lene 
blue, hematoxjlm and eosni Best carmine, and Sudan IV stains were made 

The histologic changes obseiied were similar to those desciibed by Elman, 
Smith and Sachar Waehsteni Kosterhlz,* and Kosterbtz and Campbell “ and 
ivith the exceptions noted beloiv, they were essentially the same in both the high 
and low choline diets (Pig The eai best change consisted of enlargement 
of the h\ei cells at tlie expense of the sinusoids especiallv in the peiiplieial zones 
of the lobules The suiusoids were compressed and laigeh obliteiated aftei a 
few da^s on the deficient diet Simiiltanconslv tlie c>toplasJU became less dense 
(“cytoplasmic clearing ) and was repicsentcd a few coarse eosinophilic or 
basophilic strands There was an apparent decrease in basophilic gianiiles in the 
cytoplasm which have been demonstrated to be composed of ribonucleic acid b> 
Caspersson and Scliultz and others® “ TJie lemaiiung basophilic granules ep 
peared to have been displaced towaid the cell membnne which stained deeph 
and conspicuously ( ‘cytoplasmic rimming^’) 

Whereas in noimal animals the nuclei of Iner cells weie lound vesiculai, 
and uniform in size with finch gianulai and evenh distributed chromatin the 
nuclei of some of the livei ceils of lats on the deficient diets weie \ariable m 
size and shape and tended to be h-ypereliromatie These thanges were not neces 
sanly more pronounced in those cells sho'ving the cytoplasmic changes desciibed 
Also as early a* the third da\, fat in tiic foi-m of large oi small droplets appealed 
in the Iner cells of the peripoital aicas This was moie marked in the annuals 
receiving the low choline diet Best canniiic stains also indicated an increase 
in glycogen, mainly in the penpoital cells but the zonal distiibution was not 
as marked as that of fat 

These changes, typical of all the animals on the low protein diets, weie 
moie marked in the low choline than in the high choline gioup In Table II 
the various clianges ha\e been graded and are listed at different stages of the 
cxpeiiment In gGiicial the most sinking changes were consistently obser\ed 
m animals depleted for twehe to twenti six days In a few of the low choline 
anunals however cytoplasmic clearing and rimming of equal intensitv was 
found as early as three days Typically these Ineis appeared as a mosaic of 
polygonal cleai cells with cential nuclei In the few animals that vrere saciificed 
as late as fifty days it was noted that in the low choline protein fiee group tiic 
findings of maikedly increased cell size cytoplasmic dealing and iimmmg were 
the same as ni the twelve and fwentv six day groups A moderate amount of 
fat was found centrally in the lobiil&s diffcimg from the peiiportnl distnhution 
noted earlier Theie was also considerable xariation in the size ind stainjiq 
quality of the nuclei Jlanv cells weie multiiiucleatcd In the ammals icccivm^ 
the high choline low piotem diet, the changes were similar except that they 
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C ]) 

^..,,,^‘5 — Li\er chmges with protein depletion I NornnI rat (>-0^'" ,"’®^**^fS?iAletioii 

Xi-Hi) a three di\s of depletion (eo<sin-meth\lene blue X3i0) C twent>-siv da\s oi o 

(eosin-meth>leno blue Xl-iO) D se\ ent> -six da\=, of depletion (sud in IV frozen section a 

Vs earl% as three da\s there is marked rarefaction of the c> topi ism with the t^niainius j 
philic material chicHv at the edges of the cells The sinusoids have been largelv obuiera 
Vt twenty-six da>s the h\er appears as a mosaic of rarefied pobgonal cells but b' ,.gii 

ciajs (hlj;h chol ne protein-frce aninidl) the appearance approaches thit found *ri tn 
nourished animal with slight to moderate fattj Infiltratiou chieflj central in location 

became less marked as the depletion was piolonged A tew animals suivi'e<J 
as long as se\eutv-sr\ dajs and in these the cell size was essentialh noimal ai« 
there ivas no cttoplasmie dealing oi rimming The fat whidi peisistcd ten(C‘ 
to be centialh oi vaiiabh dtspcised in the lobules Nuclei wcie vaiuhlc i" 
Size and shape 
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DISCUSSION 

In general the lesnlts of these studies agiee with previous investigations “ 
The cytologic evidence and the chemical findings both show maiked changes m 
the livei duiing early protein deficiency Eaily in the peiiod of deficiency the 
laige losses of pioteui aie accompanied by a consideiable accumulation of fat 
The fatty infiltration is apparently not completely preventable by choline in 
the amounts used, although laigei amounts might piove moie effective Glycogen 
accumulates at the same time and to a gieatei degiee in the liveis of the choline 
deficient animals 

During later periods, when the deficiency is greater, the nitiogen losses 
from the livei are less and a laige piopoition of the loss is from the other hods 
tissues The ratio livei weight/total body weight actually iiici eases at this time 
It may be significant that the food intake of the animals is fairly well iiiaintamed 
for three or four weelcs upon the diet, but then begins to diminish Dining the 
latter stages of the deficiency there may be a caloiic as well as a piotem defi 
eiency The present data aie insufficient to evaluate this aspect of the piobleni, 
howevei, since nothing is knoivn of the metabolic lates oi ealoiic requirements 
of severely deficient animals It may be expected that the metabolic rate ims 
declined if the animals behave as in staivation, and this togethei with a raaiked 
loss in body weight should lower the calorie needs Howevei this may be, the 
evidence is clear that aftei severe depletion there is a letuin toward noiniahti 
in liver stnictuie both chemically and histologically, and this is aided and m 
creased by the presence of choline There is apparently no basis for deciding 
whether this is advantageous for the animal, at least from this study Chohiie 
obviously cannot leplaee piotein in the diet, and the animals, regardless of the 
presence oi absence of choline, lose weight, become emaciated, and eventually die 
There also does not appear to be any gieat change in ovei-all nitiogen metabolism 
as the result of the degiee of fatty infiltiation of the liver which occniied on 
the diets used 

The absolute clearance of biomsulfalein per lat falls maikedly dining d'® 
depletion period, but the clearance per unit body weight is not signifiean ' 
less than noinial It therefore appears that the total ability of the hvci to 
remove biomsulfalein is gieatly changed by tlie decrease in size, but the function 
per gram of liver tissue lemains nearly normal This finding is sonieuhat a^ 
laiiance with the results of previous studies with dogs In the experience o 
Hough and Freeman and co-i\oikeis,^- dogs fed a low piotem diet soon 
sliowed high seiuin phosphatase values and deci eased lates of clearance ot losc 
bengal Houevei, then basal diet piobably contained less choline than ° 
choline diet ilost of the changes observed by these authois weie pievente 
the feeding of choline and therefoie weie due primarily to cliolme defimenc' 
^IcKibbin and associates'’ found loweied biomsulfalein cleaiance m cho in^ 
deficient puppies Siniilai lesults also neie obseived in clioline-deficieiit 
bv ^Maclean, Ridoiit, and Best,'® but onh in those animals with len 
amounts of Inei fat One may conclude that changes in dve cleaiance pei 
bod} 01 hvei weight due to piotem deficiency are lelatuclj slight an 
detectable oiilj attei lelatively sevexe depletion On the other hand, mi 
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choline is specificallj added most low protein diets mil also be low in choline 
and this may be the primary factor in lowering the rate of dje removal The 
accumulation of fat, however, must be relativelj great before it is cftective in 
changing the bromstilfalein clearance in rats 

The modifications in the volumes of the body fluids will receive more atten 
tion in a following paper in which the effect of low temperatures has been 
studied in conjunction with piotcin deficiencv It maj be noted however, that 
(a) the tendency toward edema as indicated by an increase in thiocyanate space 
relative to body weight occurred only after verv severe protein depletion and 
was then only slight (b) the plasma volume decreased approNimatelj equally 
with bod} weight and the ratio of tlnocvanatc space to plasma volume remained 
nearly constant during the depletion and (c) although there was a marked 
decrease in the plasma nitiogen on the deficient diet, this not onl} showed no 
relation to the tendency tow ard edema but aetuall} w as higher at the time when 
the thioe}anate space tended to increase This Sack of correlation between plasma 
proteins and edema has been described bv Keys and associates in human volun 
tcers subjected to starvation’* and in several reports of starvation edema fiom 
various parts of the world 

It IS of sonic interest that the data, chemical as well as cjAelogio suggest a 
return of the Uver toward ‘normal ’ as the animal becomes severe!} depleted 
The animal apparently attempts to conserve liver tissue after the first primar} 
loss and as body weight falls the liver weight finally regains its onginal relation 
to body weight Pat is lost from the liver and the composition vnth regard to 
the constituents determined in this study becomes nearly normal Histologically 
this loss of bver fat is also suggested, as well as an merease in the density of tlie 
cytoplasm and an approach toward normal of the appearance of the nuclei cell 
size, and distribution of the basophilic materia! in the cy toplasm It is of course 
not possible to deduce from these data that the liver has improved functionally 

SUMM VRY 

The progressive changes m bver composition bromsulfalein clearance, blood 
and plasma volumes thioey ana te space total plasma nitrogen and livei cytologv 
have been followed in lats subjected to severe piotein depletion The effect of 
low and large supplies of choline upon those changes has been studied 

In agreement with the findings of previous investigators the bver shows a 
vety rapid loss of nitrogen while fat and glycogen accuiiuilate The fat ae 
cumulation is only partially pieventable with choline in the amounts used 
Cy tologieally the bvers show a rapid loss of basophilic material the cytoplasm 
becomes less dense and the sinusoids are largely obliterated These changes arc 
progressive for approNimately one month After more prolonged depletion the 
bvoi size approaches its original i elation to bodv weight the amount of fat and 
glycogen decrease and the bv er approaches the original cy tologic state 

The fall in plasma volume and thiocyanate space during the first month of 
depletion was approvimatelv pioportional to the decrease in body weioht jVftei 
prolonged depletion the volume occupied bv these fluids per unit body wei„ht 
increased slightlv and proportionately The total circulating plasma nitrogen 
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pel 100 giaiiis of body weight wab also esseiitiall> constant foi appioxiniateh 
one month and then inci eased slightly 

Although the biomsulfalem cleaiauee pei lat decieased niaikedly duiing 
protein depletion, this change was accounted toi by the loss m weight which 
occuiied No pioof of malfunction of the lenidining livei tissue was obtained 
by this test 

We are indebted to ^tcrck iL Co , Inc , ttahwa^ , N J , Corn Industries Eesearcli 
Foundation, Ncn York, N Y, Gaines Division of General I oods Corporation, Hoboken, 
N J, Slieflield Farms Compam, Inc, New York, N Y, Eh Lillj ik Companj, Indianapolis, 
Ind , Abbott Laboratories, North Lhicigo, 111, Wilson Laboratories, Chicago, 111, and 
William R Warner Conipan\, New York, N Y , for generous supplies ot materials used in 
these studies 
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T he conventional biomeulfalem teat has been widely lecognwed as one of 
the bettei dctemmatioiis of hvei function ’ “ although it does not detect 
minor degiees of impannient riirtheimoie it has been noted that in some 
instances the results of this method do not coincide either with cluneal e% aluation 
01 with otliei tests It was hoped that bj determining the rate of eleaianee of 
bromsulfalein from the blood stream rather than bj measuiing retention alone 
a more sensitive inde\ of In er funetion could he obtained 

This leport deals with an impioied bromsulfalein test and an evaluation 
of liver damage in patients nith cliionic gall bladder disease as measmed bj 
this test 


METHOD 


The subjeefi uaetl m the studj conswteJ of a control group of fort\ two patients 
With no Xnown h\er putholot,\ submitted to elective herniorrhaphy another group of 
thirty eight patient-* submitted to elecUve cholecystectomy and a third misceUanemis 
|,roup of eighteen subjects with known severe liver damage including patients with 
hepatitis cirrhosis and niahgnant nietastases to the hver 

The standard 3 per cent bromsulfalein solution was used ond all tests were run by 
multiple determinatioas with the patients under basal conditions lor this purpose an 
ladwrelling needle attached to a glass adapter and a rubber capr was inserted into an 
arm vem and left in place V sample of blood waa drawn as a control before the layectioii 
of the dye and others were obtained at intervals during the teat btaall amouata of 
diluted hepann solution (1000 lU per cubic centimeter diluted to I in 50 with normal 
saline) were injected through the rubber cap between samples to keep the needle open 
The dye was administered jntravenousJv into the other arm at a slow rate in order to 
pccvent the irritating etfect of the concentrated material from producing a phlebitis or 
if extravascular a severe coUuhtis bare was alao necessary in the sampling to prevent 
liemolysis All samples were imraediateh centrifuged without anticoagulant with a 
portable centrifuge 

The serum was treated by a procedure modified for use with the Coleman Tumor 
spectrophotometer Afodel 0 A One half cubic centimeter of serum was mixed with 2 ce 
of 1 per cent Haline and the mixture wus divided into two equal parts One portion was 
acidified b\ the addition of OOd cc of acidified I per cent HCl made bv adding c c of 
concentrated, HCl to 100 cc of i per cent NaCl The other portion was alkalinized by 
the addition of 0 05 c c of D per cent NaOH 

tor each blood sample including the control the spectrophotometer was set at 100 
(no dye) at wave length 5S0 with the aeidifietl portion then the ulKahnized portion was 
read In this way a correction was made for any homolyaia in each specimen and for any 
substances in the control serum other than bromsulfalein winch might affect the reading 


From the Departments oC MtdicJRc and &urger> UntNcrsUj of Illinois College of iledlcJne 
This work waa aided bj a cooperathe contract between the Othce of Isaval Research and 
the univeraUy of Illinois Contract # KSorl 71 Task 13 Office of 'vnval Research Department 
of the Nav> 

Received for publication April 1519 

OrlelnaU> the re-vdlngs were made on a photolometet but lat r the more accurate 
specirophotofucler was used excluBl\el> The block comparator method of cstlmatlne retention 
wa* found too gross 
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Spectropliotometric readings were converted to plasma concentration m milligrams per 
cent from a scale made previously with known dilutions of the dye 

With regard to dosage, subjects were divided into three groups, multiple samples 
being obtained in all In one, single tests were performed, in another, different doses of 
dye were used on the same individual, and in the third, repeated teats were run on the 
same patient before and after surgery, using the same quantity in each instance The 
dose used in this last group was determined preoperatively by giving variable amounts 
on successive days, in order to obtain a dose w Inch would give levels high enough to be 
read accurately 

All results were graphed on semiloganthmic paper, using the abscissa for time and 
the ordinate for dye concentration In this way the rate of removal of the dye was readily 
visualized The clearance coefficient,* which represents the slope of such a graph, was 
used to express a numerical result of the test The coefficients used in this study were 
for the ten minute period from twenty to thirty minutes following injection of dye The 
reasons for using this period are given in the discussion 

RESULTS 

Types of Clemance Obtained With Multiple Samples — Twenty leliable tests 
weie obtained by this method With a noiinal ciiciilation tune, theie is a rapid 
iise 111 coneentiation to a peak at one to thiee niinutes after injection, because 
of mixing (Pig 1) Thereaftci theie is a lapid fall which, in patients ivitli 
good livei function, may continue until disappeaiance of the dye In the pres 
ence of poor livei function, theie is a slowing m the late 6f lemoval staituig 
at appioxunately fifteen to twenty minutes and continuing until all the dye 
has disappeaied (Fig 2) 

Noi mal Value foi Cleat ance Coefficient — It was found that theie was gieat 
vaiiation in the values of cleaiance coefficient in the diffeient gioups 
detectable change in plasma dye level in the ten-nunute peiiod fiom twenty to 
tliiity minutes following dye injection gives a coefficient of zeio This lesiilt 
IS obtained m cases of obstiuctive jaundice and the test is theiefore not used 
111 them The group of patients with knoivn liver damage all showed very slow 
exeietion and coefficients less than 0 037 The gall bladder group showed bettei 
livei function, aveiage coefficient foi this gioup was 0 063 But a few m tins 
gioup had iseveie hvei damage, as shown by the lowest readmg obtained 
(Table I), 0 003 The contiol gioup (hernias) had repeated preopeiative tests 
A clearance coefficient of 0 037 was established on the contiols as the lower linut 
of normal (90 pei cent of the group had values higher than this) Because the 
aveiage foi this group was 0 082, values ranging from 0 08 to 0 03 should be 
considered as border line and below 0 03 as definite evidence of hvei damage 

Effect of Vaiiation in Dosage — This group of tests was made m oidei to 
determine the lole of dosage in the rate of clearance in the same patient Alto 
gethei twenty-five reliable compaiisons weie ob tamed m this group, whici 

♦The clearance coefficient for any time interval during dye removal was appro^inlate 
by the following formula 

k = log« [Bl] - lOge [Bl] 
ta — ti 

where k = the first approximation of tlie clearance coefficient B, = bromsulfaleln of 

at (tj) time of collecting first sample and Bi =: bromsulfaleln concentration at l!--! 
collecting second sample 
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FIs' 1 — Bronisulfalein clearance in patient with good U\er function Mixing shown Jn early 
part of graplj ( iil graphs on semllogarJthmlc paper ) 



Included patients uith noimal and abnounal Ji\er function These tests tvoie 
obtained under basal conditions and at such times m the clinical course tliat 
significant changes in Iner function would not be expected In most cases a 5 
mg per kilogram dose was gi\cn first then depending on tlic concentrations 
attained, the next dose was increased oi decreased 
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Table I Results oi pRLOPnRATi\E BROMSOLPAr lin Test Expressed as Clevraece 
Coefficient in Period Prom 20 to 30 Minutes After Injection 


OPERATION 

( number OF CASES | 

RANGE 1 

AVEIhVGh 

— 

Ckolecystectotny 

38 

0 140 0 003 

0 063 


Hermorrhapliy 

42 

0 168 0 023 

0 082 




Difference 

0 010* 



•Difference is statistic ilh blgnlftcanl 



Fig J — Patient with gooil liver function Same clearance In spite of cliange in ilje dose on 

consecutive days 



MINUTES AFTER INJECTION 

tig 4 — Patient with cirrhosis Identical clearance in spite of change in J 

consecutive dajs 
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iigs 3 -md 4: illustiAte iht latc ot deaiaiice lu two patients lullown.g dif 
feient dobaj,e giieii on difteient da>s The coiiceutiatioii of dje following a 
dose of 7 01 7 0 mg was gieatei than that toUoivmg a 5 mg dose, hut the rate 
of cleaiance was essentially the same This is tiue in the patient with ciirhosis 
(Pig 4), as Mell as m the one with a noiiiial livci (Fig 3) This paiallelism 
111 the rate ot excretion was noted in all such tests conducted on otliei patients 



Fig 5 —Duplication of excretion graplL Same Uye dose on consecutlte days 


Changes xn the Clearance CoeSlexent Piodxiced hy Operative Load— In pa 
tieiits on a fixed legimcii and in a stable physiologic state repetition of the test 
on consecutive da^s levealed identical cur\es for rate of clearance (Fig 5) 
However, following lieimoirliaphy or pholeeystectomy (undei gas ether aiies 
thesu) changes were obseiwed In eight iiiduiduals the rate of clearance was 
followed preoperati\cly and every daj aftei the suioical procedure until the 
preoperative clearance was reestablished In most instances a test also was 
done on the afternoon of the day of suigery 

Following operation in e\cr\ instance there was a lowering of the clearance 
coefficient The gieatest depression of clearance appealed on the afternoon of 
the daj of surgeiv The letuin to normal in most instances took four to five 
da>s Hioli fcvei wound hematomata and othei complications were immedi 
atelj leflected b^ a slowing in the rate of cleaiance of the dje The patients 
showing the best cleaiance befoie surgcij demonstrated the least slowing as a 
lesult of the operation and reco\eicd eailiest 

Value of Clearance Coefficient xn Detenninxng the Minimal Live) Damage in 
Patients With Chionic Cholecystitis — ^Thc icsults of the clearance coefficient of 
biomsulfalein in patients admitted foi clcctue cholecvstectomv were compared 
with those obtained fioiu a gioup of iioiniil subjects (hcrnioiihaplij ) Tins 
was done to deteiminc it the test would demonstrate Inei damn^c in patients 
with gall bladdei disease As shown iii Table I, the oall bladdei ^loup had a 
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lowei coefficient of cleaiance as tompaiecl with the contiol gioup The difiei 
ence is statistically significant (P = 0 015) Since the gall bladdei gioup con 
sisted of oldei uidividiials than the contiol gioup, it was thought desiiable to 
deteimine whethei the diffeience between the two was not ineiely due to age 


Table II Age Distribution 


OI ERATIO'^ 

1 CASES 

1 AVERAGE AGE | 

UNDER 40 

1 o\er40 

Cholecjsteetomj 

38 

42 63 

13 (34 21%) 

23 (63 79%) 

Hermorrhaphy 

42 

36 40 

26 (61 90%) 

16 (3810%) 


It can be seen fiom Tables II and III that when grouped accoiding to age alone 
no difteience was appaient, but that a difteience still existed between the gall 
bladdei and the control groups The contiol patients undei 40 jears of age 
levealed a highei coefficient than those in the same age gioup with gall bladdei 
disease, the same is true foi those ovei 40 


Table III Rel moNSHip op Clearance Coepucient op Bromsulfalein to Age 
(Results Are the Average Score ior the Group) 


OPERATIOV 

j UNDER 40 

1 OVER 40 ( 


Cholecystectomy 

0 059 

0 066 


Hermorrhaphi 

0 080 

0 085 



DISCUSSION 

The customary method of peifoiming the bionisulfalein test is dependent 
upon the assumptions that the patient’s blood volume is 10 pei cent of the body 
weight and that further more plasma volume is piopoitional to body weight 
It has been considered that patients leceiving the same dose of dye per kilogram 
body weight have the same plasma concentiation of dye at the start of the test 
This assumption appears to be a basic source of inaccuracy It is obvious that, 
111 persons of asthenic habitus oi with changing fluid balance because of disease 
01 othei cause, plasma volume may be fai fiom constant mth i elation to body 
weight Patients with eiiihosis of the livei best typify tins erioi A laige part 
of then body weight may be ascitic fluid and in them the dose of dye wiU be 
abnormally great pei unit of plasma volume Because of such obseivations, this 
woik was designed to investigate the manner of removal of the dye fiom tiie 
blood and, if possible, to find abetter way of measuimg its removal 

As noted earlier, in patients with poor liver function, a flattening in the 
slope of dye excretion was noted fifteen to twenty minutes aftei injection This 
phenomenon has been refer led to by others and has led to speculation as to^i^ 
meaning The livei is the mam site of lemoval of this dye from the blood, ’ 
while othei tissues account for small amounts, especially the extrahepatic leticu o 
endothelial system mcludmg the spleen * Kosenthal, some years ago, aenion 
strated that the dye was adsorbed to piotein and suggested that the size of t is 
combination molecule accounted for its nonappeaiance in the urine of noiro 
patients After certain in vitro expeiiineiits,'^ he also pioposed that the action 
of bile salts on surface tension allowed liberation of the dye from plasma pi ot®*” 
m the liver Moie lecent woik of Biauei and Pessotti- is in Ime with Kosen 
tlial’s tlieoiy and assigns to the true albumm fraction of human plasma tlie lo e 






DBOMSUL.I VLEIN CLE VRANOE 


971 


oE bmdmg bioinsulfaleni Tlie latter woikers piopobe au excliange of protein 
liound dje between plasma and hepatic cells as the basic mechanism This 
tlieorj of removal from plasma seems acceptable Eetention of dje following 
India ink injection* * " maj be just a mechanical blocking of the Kupffer cells 
with resulting decreased suiface aiea for this phjsical reaction to occur 

With the usual dose of 2 oi 5 mg per kilogram of body weight, the blood 
IS cleared of the dye in from thirty to fortj five minutes but it keeps appear 
ing in the bde for at least two liouis and in some instances for as long as five 
or si\ hours ^ Excretion from the liver into bile is therefore obviously a 
separate mechanism In patients with liver disease appearance m the bile is 
delayed and disappearance from the bile is slow It seems reasonable then to 
assume that in these cases slow removal from the blood after fifteen or twenty 
minutes is a reflection of exei etioii from the liver into the bile This is in con 
trast to the first fifteen oi twenty minutes which measures mainly transfer from 
plasma to livei and so lepresents only one phase of the mechanism This 
assumption would eiqilain the fact that in neaily every patient, normal or ab 
normal early fall in blood levels is relatively rapid, but the slow removal in liver 
disease is the most noticeable in the later stage of the test If the liver can 
dispose of the dye rapidly it may continue to remove it from the blood at its 
maximum rate of acquisition and so in the normal subject no flattening of the 
graph occurs However, if excretion into the bile is slow, then the liver becomes 
blocked and hence can low er the blood level later only at this Teduced rate of 
clearance into the bile This bipliasic mechanism then, is one reason vvhv the 
rate of excretion aftoi twenty minutes can be considered more indicative of 
actual liver function than the response before tins tune 

The choice of thirty mmutes as the late limit of the determmations is based 
on the principle of decreasing reliability of readings with high dilutions At 
forty minutes there is often little oi no dye left with the 5 mg dose Theiefore 
accurately tmicd samples at twenty and thirty minutes have been taken and 
the cleaiance coefRcient obtained for this time interval has been considered as 
an index of the efficiency of the removal mechanism (mainly liver) If greater 
accuracy were required three samples could be taken at twenty, twenty five, and 
tliirty minutes after mjection the coefficient from twenty to twenty five and 
from twenty five to thiity minutes calculated and the average determined 
Thus without prolonging the test any ei ror m one specimen could be minimized 

It may not be amiss to call attention to the work of Blumberg and Schloss' 
who have shown that circulatory inadequacy will slow dye excretion Thus poor 
clearance in a cardiac patient with congestive failure may be evidence of poor 
circulation alone or combined with livei damage 

SUVIMVRV AlvD COXCHJSIONS 

The results obtained with a modification of the bromsulfalein test, utilizing 
the clearance coefficient aie picseiited Foi practical pui poses, the coefficient 
duiing the inteival fiom twenty to thirty minutes after dye uijeotion was found 
to be most useful, a lower limit of normal for this period being deteniiincd 
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This pioceduie ineasuies the actual mauiiei ot leuioval ot the cl>e and is a 
bettei index of livei function than piesent methods oi studying d^e letention 
With it a compaiison was made between a gioiip ot subjects with noimal h\ci 
function and patients -who weie candidates loi elective cholecystectomy and 
hence expected to show livei damage, and a significant difteience was demon 
stiated between the two types of subjects 

The authors wish to think Miss Ethel Carter, Mi Edw ird Eckoit, lud Mr Toliru 
Iiiouj e for technical assistance in this work 


REFERENCES 

1 Blumberg, N , and Sehloss, E Effeet of Cireulatorj Factors on Bromsulphalem Test 

HI Liver Disease, Am J ;M Sc 213 470 474, 1947 

2 Brauei, R W , and Pessotti, R L The Mechanism of the Extraction of Bromsulphaiein 

From Blood Plasma by the Liver, Federation Proc 7 207, 1948 

3 Cantarow, A , and Wirts, C W Excretion of Bromsulphalem in Bile, Proc Soc Exper 

Biol A, Med 47 252 254, 1941 

4 Cantarow, A , and Wirts, C W , Jr Effect of Dog’s Bile, Certain Bile Acids and India 

Ink on Bilirubinemia and Excretion of Bromsulfaleiii, Am J Digest Dis 10 
261 266, 1943 

5 Cohn, C , Levine, R , and Streicher, D Rato of Removal of Intravenously Injected 

Bromsulphalem bj Liver and Extraliepatic Tissue, Am J Phjsiol 160 299 303, 
1947 

6 Cole, W H , and others Studios in Postoperative Convalescence, Ann Surg 126 

592 611, 1947 

7 Gephardt, M C Personal communication (to be published) 

8 Klein, R I, and Levinson, S A Removal of Bromsulphalem Fiom Blood Stream bj 

Reticulo Endothelial Sv stem, Proc Soc Exper Biol Mod 31 179 181, 1933 

9 Mateer, J G, and others Further Advances in Liver Function Tests, and Value of 

Therapeutic Test in Facilitating Earlier Diagnosis and Treatment of Liver Ini 
pairment, Gastroenterologj 8 52 70, 1947 „ 

10 Mateer, J G , Baltz, J I , Marion, D F, and MacMillan, J M Liv er Function Tests, 

General Evaluation ot Liver Function Tests, and Appraisal of Comparative oeii 
sitivity and Reliabilitv of Newer Tests, With Particular Emphasis on Cephalin 
Cholesterol Flocculation Test, Intravenous Hippuric Acid Test and Improve 
Bromsulphalem Test With New Normal Standard, JAMA 121 723 728, IJ-iJ 

11 Mills, M A, and Dragstedt, C A Removal of Intr ivenouslj Injected Bromsulphaiein 

From Blood Stream of Dog, Comparison of Removal of Intravenouslj Injecte 
Bilirubin and That of Bromsulphalem, Arch Int Med 62 216 221, 1938 ^ 

12 Rosenthal, S M Liberation of Adsorbed Substances From Proteins, Function of -oi 

Salts, Preliminary Report, J Pharmacol A Exper Therap 25 449, 1925 

13 Wirts, G W , and Cantarow, A Study of Excretion of Bromsulphthalem in Bi e, 

J Digest Dis 9 101 106, 1942 



THi; CONCGNTRATION OP (.OJIPONtNT A IN BLOOD, ITS ASSAT 
AND RELATION TO THE LABILE FACTOR 

Akm iND J Quick, II D Ph D and 51 ikio Stfi \nini, 51 D ' 
5Iii,waukee Wis 

F or chuical puiposes it is idsanfageous to di\ide the clottuig factors lequiied 
for the foimatiou of tiiiombin into two categories the thromboplastin form 
CIS and constituents of the prothiombiii coniples ' The latter are essential foi 
piothrombm actnitj as measuied bj the one stage prothiombm tune Aceoid 
mg to Quick and associates the agents in the comple-s are the labile factor com 
ponents A and B and bound calcium ’ ’ “ The labile factor is characterized by 
Its instability especially in decalcified plasma and its nonadsorbability by tii 
calcium phosphate Component A is the principle which is adsoibable by tii 
calcium phosphate, lequires iitamin K foi its synthesis and is deficient in one 
type of congenital hypopiotlirombiiiemia It is probably this component which 
IS generally called prothrombin b\ other iin estigators Component B is difficult 
to define Its eNistcnce is postulated to explain a second type of eongenital 
hypopiothionibiiieinia, in which tlie labile faetoi and component A appeal to be 
normal * This type of hi poprothrombiiiemia is particularly important because 
It is heieditaiy and the lowered fixed prothrombin time may run thiougli several 
generations Little is 1 uowii concerning the functions of calcium in the foima 
tioii of thrombin, but lecoiit studies clearly show that it is not ionic but bound 
cilciiim that paiticipates in the reaction 

The desirability of haiiiig methods for the quaiititatne estimation of the 
larious constitiionts of the piotliroinbiii complex is obvious Reeeiitly we de 
loloped a simple pioeedure to cstiiiiatc the concciitiatiou of the labile factor and 
found that rabbit blood contains fifli times and dog blood ton times as much as 
human blood® In the present report cxpciinieiits aie desciibed which not only 
yield a proccduie for the estimation of component A but also fuiiiisli lesiilts 
which slioyv its lelationsliip to the labile factoi 

yiETHODS AND MVTERIVI, 

Tlio ono ^ta^e method for the prothronihm time procedure was employed exactly 
as outlined its originator’ The thromboplastin used v,as acetone deh\(]rated rabbit 
brain It unifornilj ^nolded a prothrombin time of 1 1 to 12 seconds for normal human 
plasma 

The tncalcium phosphate treated plaima 'was prepared according to directions pre 
MOush dc'icribed 0 Pla ma thus prepared is free of component A but retain'^ prai,ticallj 
all of its fibrinogen and all of the labile factor Caro iras tahen to take onl^ the mm 
imum quantity of tncalcium phosplioto required i e an amount just suQicient to render 
the plasma mcoigulablo to excess thromboplastin and an optimum concentration of calcium 

From the Department of BlochemJatrj Marquette UnKeraltj School of Me Heine 
This nork nas supported a grant from the United States Public He 1th Sen Ice 
Recexed for publication April 30 I'M® 

, Department of Internal Aleiliclne Uni crslt> of Home at present Senior Research 
Fellow National Institute of Health 
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Uach lot of stock solution i\as tested on the oxalated plasmas of the various species cm 
plojed in the studj All studies were carried out on ovalated plasma (1 vol of 0 lil 
sodium oxalate to 9 vol of blood) It should bo emphasized that tritalcium phosphate 
does not remove component A from citrated plasma = For convenience, plasma treated 
with tricalcium phosphate is named in this paper either “calcium phosphate plasma” or 
“Ca 3 (PO ,)2 plasma ” 

Isolation of a Conceniiate of Component A — The tricalcium phosphate after its re 
moval from the plasma bj centrifugation was washed with water and again packed by 
centrifuging The water was poured off and the last traces adhermg to the sides of the 
tube were remoi ed with a filter paper For every cubic centimeter of plasma treated, 0 1 
cc of 0 2M sodium citrate was added and the mixture stirred for ten minutes The tncal 
cium phosphate was remoied by centrifugation The eluate contained approxmiately 90 per 
cent or more of the component A present in the plasma 

Vitamin K Deficiency — Newly hatched chicks were put on a vitamin K free diet and 
the procedure was followed as recently outlined ® 

RESULTS 

The Estimation of the Concenttahon of Component A in Plasma by Mixing 
With Plasma Devoid of This Factoi — Since complete avitaminosis K can bo 
achieved leadily in chielts, a plasma showing little oi no prothiombin activity 
was easily obtained When such a plasma was piogressively diluted with normal 
hen plasma, the piotluombin time deeieased in accoidance with the typical 
hyperbolic cuive until the 50 pei cent dilution was leached Aftei this the 
piotluombin time lemained the same as that of the noimal hen plasma (Table I) 


Tvble I The Effect ov the Prothrombin Time When Avitaminotic K Chick Plasmi 
AND Hen Pl ism v Tre vted With Tricalciuji Phosph vte j^Ire Progressively 
Diiuted With Normvi Hen Plisma 


Plasma of vitamin K defi 

0 1 

0 09 

0 08 

0 07 

0 Ob 

0 05 

0 04 

0 03 

0 02 

0 01 

00 

cient chick (c c ) 

Normal hen plasma (c c ) 

0 0 

0 01 

0 02 

0 03 

0 04 

0 05 

0 06 

0 07 

0 08 

0 09 

01 

Prothrombm time (sec ) 

00 

16 

14 

13y^ 

12 

iiy. 

11 

11 

11 

11 

11 

Hen plasma treated with 

0 1 

0 09 

0 08 

0 07 

0 06 

0 05 

0 04 

0 03 

0 02 

0 01 

U u 

Ca^CPO,) (cc) 

Normal hen plasma (c c ) 

00 

0 01 

0 02 

0 03 

0 04 

0 05 

0 06 

0 07 

0 08 

0 09 

01 

Prothrombm time (sec ) 

CO 

17 

15 

14 

12 

iiy. 

11 

11 

11 

11 



Exactly similai lesults iveie obtained when normal hen plasma was diluted wit 
hen plasma fiom which component A ivas adsoibed with tiicalciiim phosphate 
These lesults eleaily show that the concentiation of component A in nomial hen 
plasma can he reduced ahnost 50 pei cent before the piotluombin tmie begins 
to inciease In othei words component A may vaiy between 50 and 100 per 
cent -without affecting the piothrombin time This was stiikingly illustiated y 
injecting -vitamm Kj into a cluck with an initial piotluombin time of 10 minutes 
Foul houis latei it was leduced to 11 seconds, i e , to the same level as 
a hen on a complete diet Howevei, on comparing the piotluombin tunes 
tamed when this and noimal hen plasma weie mixed with plasma free 
ponent A, it is plain that the concentiation of component A in the chick oo 
v\as definitely lowei (Table II) If one uses the data of Table I as a gui e, 
can be conchxded that 0 03 c c of hen plasma contains as much coniponen ^ 
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as 0 05 c c of tlie cluck plasma, jet both had a nonnal piotliroiiibin time It is 
deal that component A does not become the deteirainant of the prothrombin 
time until its concentration is reduced below 50 per cent of the normal level 


Table II The Concentratiov of Component A in the Blood of a Vitamin K Deficient 
C iiiCL. After the Administration of Vitamin 


Protlirombm time of cluck plasma before vitanun K. 10 

Prothrombin time of chick plasma 4 Ur after giving 10 y of vitamin. K, 11 

min 

sec 

Vitamin K deficient chick plasma 
Normal hen plasma 

0 05 C.C 
0 05 c c 

Vitamin K deficient chick plasma 
Chick plasma after vitamin K 

0 05 c e 

0 05 c c 

Prothrombin time (sec ) 

11 

Prothrombin time (sec ) 

13V- 

Hen plasma treated unth 

0 05 c c 

lien plasma treated with 

0 05 c c 

Ca,(PO ) 


Ca.(PO ), 


Normal hen plasma 

0 05 c c 

Chick plasma after vitamin K, 

0 05 c c 

Prothrombin tune (sec.) 


Prothrombin time (sec ) 

13% 

Normal hen plasma 

0 On c c 

Chick, plasma after vitamin K 

0 05 c c 

Saline 

0 05 C.C 

Saline 

0 05 c c. 

Prothrombin time (sec ) 

14 V 

Prothrombin time (sec ) 

15 


Because of the difficulty of attaining se\cre vitamin K deficiencj hypopro 
thrombmemia in mammals and the rclatne infrequency of avitaminosis K in 
man, it was not possible to run a dilution titration such as was made with cluck 
plasma One of us (A J Q ) hove\cr found in Ins records of 1938 two im 
portant expeiimeiits The first was the determination of the effect of mixing 
the plasma of a newborn infant having a prothrombin time of 45 seconds with an 
equal volume of normal human plasma A prothrombin tune of 12 seconds was 
obtained Similarly, when the plasma of a jaundiced patient (prothrombui time 
48 seconds) was imxed with iioimal human plasma the resulting prothrombin 
time was 12^ seconds In both plasmas component A was greatly diminished, 
yet on adding half the volume of noimal plasma the prothrombin time was 
restored to normal even tliough the mixture contamed only about one half as 
much component A as nonnal plasma 

By using fresh human plasma treated with tncalcium phosphate as diluent 
tile concentration of component A m normal plasma can be determined (Table 
III) Interestingly, almost identical results were obtained when rabbit plasma 
adsorbed with calcium phosphate was employed as diluent, provided the human 
plasma was collected with the utmost care to preserve platelets It will be 
observed tliat as the calcium phosphate plasma was mixed with increasing 
amounts of normal plasma the prothrombin time decreased until a dilution of 
50 per cent was attained Bej ond this the prothrombin time remained the same 
as that of normal plasma As m the case of hen plasma, the prothrombin tune 
remained normal until the concentration of component A was reduced below 
50 per cent of the amount present in normal blood Again it is clear that the 
concentration of component A is not the determinant of the prothrombin time 
The labile factoi likewise is not the deciding factor Rabbit plasma contains 
fifty times as much labile factor as human plasma >et the results witli rabbit 
and human calcium phosphate treated plasmas as diluents are almost identical 
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TabiI' III Thl Ituci ON niJ Prouirombin Time When Normai Hum\n Piasmv Is 
Pro&rfs&ivi l\ Diluifu With Human and With Kvbbit PliVsma Prom Which 
CoMi ON'ENT A Was Removed b\ Adsopi tion With 
Tricalcium Phosphatf 


Normal human plasm i 
(cc )* 

Normal human Ca 3 (PO,) 
plasma (c e ) 

0 1 

0 0 

0 09 

0 01 

0 08 

0 02 

0 07 

0 03 

0 06 

0 01 

0 05 

0 05 

OOl 

0 06 

0 03 

0 07 

0 02 

0 08 

0 01 

0 09 

0 00 

010 

Prothrombin time (sec ) 

12 

12 

12 

12 

12 

12 

13 

15 

18 

20 

00 

Normal human plasma 
(cc )* 

0 1 

0 09 

0 08 

0 07 

0 06 

0 05 

OOl 

0 03 

0 02 

0 01 

0 00 

Rabbit CajfPO,) plasma 
(cc ) 

0 0 

0 01 

0 02 

0 03 

0 01 

0 05 

0 06 

0 07 

0 08 

0 09 

010 

Prothrombin time (sec ) 

12 

iiy. 

iiy. 

IIV. 

11% 

12 

13 

15 

18 

40 

CO 


•The blood was collected In a silicone-coated syringe and transfeired to a silicone coated 
test tube containing sodium oxalate 


Congenital IIijpop) othi omhinenva Deficiency of Component A — It was 
fortunate that in the pnisiut ot tins pioblem tivo patients ivith congenital hypo 
piothiombinemia of the tjqie that lacks component A iveie available Studies 
of the blood ot these two biotheis weie lepoxted pi eviousl}" ■* Chaiacteiisticall}, 
when 1 %oluino ot then plasma was mixed w'lth an eciual volume of noimal 
human plasma, a roin al piothiombin time was attained In tact when the 
hypopiothiombiiiemie plasma ivas piogiessively diluted with noinial plasma, a 
cuive was obtained (Table IV) ■which was almost identical with that obseived 
when avitaminotic K chick plasma ivas diluted w'lth noimal hen plasma This 
is easily explained by postulating that both the chick ’s and the patient ’s plasma 
lacked component A, and since noimal plasma contauis neaily twice as mucli 
as IS needed to pioduce the noimal fixed piothiombin time, this minimum value 
IS obtained wdieu 50 pei cent of the volume of noimal plasma is added to the 
defective plasma Intel estmgly, when the deficient plasma is diluted wutli iioi 
mal human plasma tieated with tiicalcium phosphate, the piothiombin time 
iiici eases piogiessivelj^ with the dilution and is piactically identical wuth the 
lesults obtained when saline is the diluent When rabbit plasma tieated w'ltli 
tiicalcium phosphate is used, the piothiombin times again inciease piogiessiveh, 
but the values aie shorter than those obtained with human calcium phosphate 
plasma An explanation foi this finding lequiies fuithei study It is eleai 
that the plasmas of the twm bojs which have a consistent prothiombm time o 
19 to 21 seconds lack component A Accoiding to Quick’s original piothiombin 
cuive, those values indicate a piothiombin activity of 25 to 30 pei cent o 
noimal In the light of the pieseiit findings, the concentration ol eomponent 
m teims of pei cent of the eoncentiation ot A in noimai plasma may actua i 
be lowei than 25 pei cent 

The piesent findings as well as othei lesults fiom lecent studies cainet 
out in 0111 laboiatoiy show that the piothiombin time as deteimiiied bv the one 
stage pioceduie does not measuie any paiticulai constituent ot the protliioni 
complex but latiiei then composite effect The tiue deteiminant of the lelatne i 
fixed piothiombin time of 12 seconds in noimal human plasma still leinaim 
unexplained Because of the low eoncentiation ol the labile factoi, attei tweii j 
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Table IV The Effect of TitE Prothrombin Time u hen Plasma From a Patient With 
CO^OENITVL HIPOTIIBOMBINEMII (DEFICIENCY OP COMPONENT A) IS DILUTED WlTII 

Human \nd A\ith Rabbit Plisma Adsorbed With Ca,(P04) and Vith Saune 


Plasma from patient (ec )* 

01 

0 00 

0 08 

0 07 

0 06 

0 Oo 

0 04 

0 03 

0 02 

0 01 

Normal human plasma (c c ) 

00 

0 01 

0 02 

0 03 

0 04 

0 05 

0 06 

0 07 

0 08 

0 09 

Prothrombin time (sec ) 

21 

14 

13 

12 

11% 

11 

11 

11 

11 

11 


0 1 

EliSl 

■iiiiii 


Qjg 

Diiga 

■[Kn 



jcnii 

Human CaiCPO^)^ p]asma (cc) 

00 

0 01 

0 02 

1^^ 

iJgl 


lawM 

WMom 



Prothrombin time (sec ) 

-1 

23 

24 

25% 

27 

38 

55 

70 

29 

600 

Plasma from patient (c c )* 

0 1 

0 09 

oos 

0 07 

0 00 

0 05 

0 04 

0 03 

0 0- 

0 01 

Kabbit Ca (PO ) plasma (c c ) 

00 

0 01 

0 02 

0 03 

0 04 

0 05 

0 06 

0 07 

0 08 

0 09 

Prothrombin time (sec ) 

21 

loy 

19H 

20% 

21 

22 

23V 

24% 

35 

53 

i lasm V from patient (c c ) 

01 

0 09 

0 08 

0 07 

0 06 

0 05 

0 04 

0 03 



Saline solution 

00 

0 01 

0 02 

0 03 

0 04 

0 05 

0 06 

0 07 



Prothrombin time (sec ) 

21 

24 

25 

27 

31 

39 

50 

75 




The patient was a 4 >ear old bo> He and his brother ase jears bad prothrombin 
times which ranged between 10 and _2 seconda Both had a mild bleeding tendenci 


four hour storage human plasma may shon a decrease of 50 per cent of pio 
thiombin activity caused by destruction of this agent whereas rabbit plasma 
niaj show no loss as determined bj the piotliiombni tune for a week or longei 
because the labile factor is in great eacess Component A may be decreased 50 
per cent, aocoidmg to the result of this studj before the piothrombui tune is 
prolonged These findings do not condemn the one stage method, but rathei 
emphasize that it measures the over all prothrombin activity For the detei 
mination of the specific factors methods must be devised which are basicall} 
modifications of the one stage procedure Thus a simple method of the assay 
of tlie labile factor was developed in our laboiatory in which stoied human 
plasma is the testmg medium * Piom the results of the present studj a simple 
determination ot component A can be outlined A sample of fresh oialated 
plasma to be tested is mived with mcreasmg volumes of fresh normal human 
plasma treated with tricalcium phosphate and the prothrombin times of the 
miNtuies aie determined If tlie concentration of component A is normal the 
results will be identical with tliose given in Table III Bj means of eluting with 
sodium citiate the tricalcium piiospliatc to which component A is adsorbed a 
new means for assajing this component becomes available as will now be 
deseiibed 

The Concentration of Component A in Human and in Dog Plasma as Detei 
mined hij Re adding to Component 1 Free Plasma the Factoi Concentrated l>ij 
Adsorption and Elution — In this stiidv evidence was offeied to show that tri 
calcium phosphate lemoves only component A fiom osalated plasma, thercfoie 
plasma thus tieated becomes an ideal assay medium for determinuig component 
A All that IS lequired is to add it to tlic calcium phosphate plasma and deter 
mine the protliiombm time Since the o ilj significant component adsorbed is 
A and since sodium citrate elutes it almost completely the cluate is presumably 
a rclativelj puie and coneentiated solution of component A Since Dice of 
sodium citrate is eniploj cd to elute the product adsorbed from 1 c c of plasma, 
tins amount when re added to I ce of calcium phospliate treated plasma should 
lestore the prothrombin time to iioimal This was found to be true if human 
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eluate was added to liiimau plasma, and dog eluate to its lespectuc plasma, but 
when human eluate W'as added to dog plasma (Cadl^Oj. tieated) oi labbit 
plasma somewdiat shoitei tunes -vveie obtained On the othei hand, when dog 
eluate w'as added to human plasma, the lesulting piothiombui tune was appioM 
inately the same as that of noiinal human iilasma In Table V the piotluombm 
times obtained by adding component A eluate in piogiessively decieasmg 
amounts to depiothiombinized plasma aie piesented It will be obseived that 
by adding decieasmg amounts of human eluate to human depiothiombiiiizecl 


Tabie V The Quantitative Effect ok the Prothrombin Time oi Adding Component A 
(Concentrated bv Adsorition and Elution) to Humvn, Dog, and 
Babbit Plasmas Treated With Ca3(P04)j 


Normal liuiuan 
CijtPOili plasma 

0 00 

0 091 

0 092 

0 093 

0 094 

0 005 

0 096 

0 007 

0 098 

0 090 

(cc ) 

P luate from norm il 

0 01 

0 000 

0 008 

0 007 

0 006 

0 005 

0 004 

0 003 

0 002 

0 001 

human plasma 
(cc ) 











Prothrombin time 

12 

12 

i:2y. 

IdV. 

14 

15 

17 

21 

28 

45 

(sec ) 1 

Espected vUuc fiom 

12 

12 

12 y. 

isy. 

14 

15 

17 

19 

25 

3S 

Quick’s prothrom 
bin curve 











Babbit Caj(PO<) 

0 09 

0 091 

0 002 

0 003 

0 004 

0 005 

0 000 

0 007 

0 008 

0 000 

plasma (c c ) 

Eluate from normal 

0 01 

0 009 

0 008 

0 007 

0 000 

0 005 

0 004 

0 003 

0 002 

0 001 

human plasma 
(cc ) 











Piothrombm time 

loy. 

10 y. 

11 

11 

11 ’/e 

12 

1314 

14 

19 

31 

(see ) 












Norm il human 
Ca 3 (P 04 ) plasma 
(cc ) , 

Eluate from dog 1 

0 09 

0 091 

0 092 

0 09! 

0 094 

0 095 

0 096 

0 097 

0 098 

0 094 

0 01 

0 009 

0 008 

0 007 

0 00b 

0 005 

0 004 

0 003 

0 002 

0001 

plasma (c c ) 











Prothrombin time 

10 

10 

10 y. 

11 

1114 

11 Va 

12 

12 

i2y. 


(sec ) 









r- 

0 009 

DogCa3(PO,) plasma 1 

0 09 

0 091 

0 092 

0 093 

0 094 

0 095 

0 096 

0 097 

0 09S 

(cc ) j 

Eluate from dog 
plasma (c c ) ] 

0 01 

0 000 

0 008 

0 007 

0 000 

0 005 

0 004 

0 003 

0002 

0 001 

Prothrombin time 
(see ) j 

6 

6 

6 

D 

0 

0 

0)4 

6% 

7 



plasma, piothiombin time values aie obtained which coiiespoiid close t 
values of Quick’s piothiombin cuive It also should be noted that on y 
to one-tittli as n*uch dog eluate as human eluate must be added to iniinan 
thiombmized plasma to obtain a noimal piothiombin time ot 12 sccoins 
cleailj shows tliat dog plasma contains seveial times as much 
is iioimally piesent m human plasma This agiees with the oiigioo i 
obtained ivith the one-stage n etliod that dog plasma contains die 
piotliioinbm as human plasma’® and casts seiious doubt on the hvpo 
the difteience between the prothionibiu times of dog and liumaii p asnia 
to 1 dilations in conieision factois 
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TJio icason dog ehiatc added to human depiothiombinizcd plasni'i pioduccs 
a ])iotbi'ombm time of onJ^ 10 seconds instead of 6 seconds as in dog plasma is 
the jiiddeqiiate concentration of the labile factoi in human blood Eithei com 
ponent A or tlie labile factoi can be the limiting factoi m the production ot 
tiu'omlnii and in determinin„ the prothioinbin time This is strikingly illustiated 
In Experiment I A small quantit\ of rabbit plasma supplied sufficient labile 
f ictoi to reduce the prothiombin time to 10 seconds This emphasizes the im 
portance of controUmg the coneentialion of the labile factor in assa> mg com 
ponent A Fortunately, the eoneentiatiou of the labile factor has been found 
to ha^e a fixed and relativch constant le^el for any particular species When 
human plasma is employed as the assaying medium it should be used ivitlim a 
few houi-s aftei the blood is collected and be presened in an ice bath Nomial 
human plasma does not contain sufficient labile factor to permit its use for assay 
mg concentrated solutions of eluate such as is obtained from dog plasma 

Experiment I 

tored hiinmn Ct (PO ) plasma 0 09 c c i resit Iiuman Ca (PO ) plaania (TOO e'e 

>\uate from, human pit ma 0 Ot cc Ftuatc from liuman ph’>nia 0 Ot c c 

I rothrorabm time 25 sec 1 rotlirombin tmic J2 cc 


Store<l Imnwi Ca (PO ) plasma 0 Q8 c c» 

Rabbit Ca(PO) phsma 0 01 cc 

Elua te from human plasma 0 01 c c 

Protlirombm time 10 sec 

Protlirombui time of stored pla&nia 2o sec« 


The Concentia(ton of Compone^xt A in the Plasyna of Congemtal Ilypopio 
thovihtnama — The lack of component A m the type of congenital hypopio 
Ihrombmcmia studied is cleaily sho\yn by the results gnen in Experiment II 
Tlic prolonged piothrombin time of Subject B B is due purely to a deficiency 
of component A The eluate olitamed from his plasma when tested foi com 
ponent A potency either on normal calcium phospliate plasma or on Ins omi 
plasma yielded the same low result whereas the eluate from normal human 
plasma restored ins prothrombin level to noinial exactly as it did m normal 
calcium phosphate plasma 

Exiebiment II 


“subject B B Prothrombin time 
hiornnl subject Prothrombin time 

20 sec 
TIV see 

(Congenital Jiy’poprothrombincmia) 



UB Ca,(lO^ ph'^fua 

Eluato from B B pin ma 

0 00 e c 

0 01 e e 

B B Cu (PO ), plasma 

£Iua(( from normal human plasma 

0 09 
0 01 

t c 

c c 

I'rothrombm time 

29 sec 

I rothrouibin timo 

nv 

i>ec 

NomnI human (Ca (PO ), plasma 
riunte from B B pla ma 

0 0*) ce 

0 01 c e 

Normal liuman Ca,(PO ) plasma 
Eluate from normal human pKsm i 

0 09 
0 01 

c c 

e 0 

l*rotlironibm time 

25 see 

Prothrombin time 

itv. 

oc 


The Concentration of ( oinponcnt 1 in {iif(wnno<iis h — Aftei chicks were 
on 1 Mtamm K free diet foi ten days a severe hvpoprothiombmemin was pio 
duced in fact i piothrombin tune greater than S minutes occiured in about 
one fourtli of a group of twenty chicks An eluate of the plasma of these chicks 
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showed no piothiombin potencj’’ when tested on hen calcium phosphate plasma, 
indicating a complete lack of component A An eluate obtamed from nomal 
hen plasma when tested on the plasma of these avitaminotic K chicks immediately 
lestoied the piothiombin to the same level as this amount of eluate did m normal 
hen plasma treated with tiicalcium phosphate, Expeiiment III It is logical to 
conclude that deficiency of vitamin K pioduces a puie component A type of 
hypopiothionibinemia 


EvlCRlllrNT III 



CONCENT/! irrOA OP COJtPONEVT 1 IN BLOOD 
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Prom the results recorded nr Experiment TV it is erident that this eorrec 
tion can bo e&ected not onlj in ritro but in riro as neli One can readilj com 
prehend tlie therapeutic implieitions of this experiment By two simple pro 
eediirai, namely, adsorption with tiiealeimii phosphate and elution rvith sodium 
citrate one can eonceiitiate the quantity of component A contained in 500 cc 
of blood to 25 e e and hare it mmiediatelj suitable for intravenous injection 
The clinical evaluation of the eluate is being studied at present • 

E\P£RnrE\T IV 


Dog F , Tveight 8 kg given 5 mg of Dicumarol per Kg of body weight daj^ 
for 4 days 

Eluate (concentrated component A.) prepared from 22 cc. of fresh normal 
dog plasma 

Prothrombin time before injection of eloate 30 see 

Prothrombin timo after injection of eluate Id sec. 


The basic defect in Dicumarol poisonuig is lack of component V, the same 
as in avitammosis K Tins makes (be hj^iothesis made by one of us (A J Q ),“ 
that Dicumarol causes a deciease of component B, untenable Nevertheless 
there is evidence that the lOTioprothromhinemia due to lack of ritani/n K is not 
identical with that due to Dicumarol It will he noted that the eluate obtained 
from Dicuniaiol plasma is mote effective m normal than m Dicumarol plasma 
Studies aie being carried out to dctcniiinc uhcthei this observation is significant 

su'iM my 

When normal ovalatcd plasma is added m piogressivcly increasing amounts 
to plasma from winch component A of piothrombin is absent or very low due 
either to vitamin IC deficiencj removal bj adsorption with tricalcium phosphate 
or congenital hek the piothiombm tmie is characteiistically decreased until 
approximatelj 1 volume is added to 1 volume of the defective plasma After 
this the protln omhin times become the same as that of the normal plasma This 
indicates that normal plasma supplies about tnice as much component A as is 
required to attain a noniial piothiombm time and that therefore it is apparently 
not the specific determinant of the prothrombin tune even in the presence of an 
excess of the labile factor 

Bj means of adsorbing ovaiated plasma with tricalcium phosphate and 
treating the lattei with sodium eitiate, an eluate is obtained wbieh contains 
almost all of the component A present m the plasma AViien this eluate is added 
111 an amount equivalent to the volume of normal plasma from which it was 
obtained to plasma lacking component -1, the normal prothrombin time is re 
stored Bj addmg progressively decreasing amounts of the eluate to component 
A free plasma a series of values of prothrombm time are obtamed which cor 
lespond well witli the ongiiial prothrombm curve Component A is active only 
if an adequate amount of the labile faetoi is picsent The isolation of com 
ponent A as an eluate and the Icsfiii^ of it on fresh tricalcium phosphate treated 
Iilasma offci a new method for its quantitative estimation 


In cooperation v\Jlh tlie Junior League Blootl Center of Jlihvaukee 
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The theiapeutic possibilities of employing the eluate in vaiious types of 
component A deficiencies aie discussed Its efficacy in lediicing the piotliiombiii 
time in Dieumaiol poisoning is illustiated in dogs 
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INTKNSIVL IMlfUNUAl ION OP ^VN ALRl A.DY SI NSITIZED 
Rli NEGATIVE WOJIAN, BIRTH OP \ JIILDLY OISL \SLD B AB\ 

Ellis N Eist JID •Wi'imieo JIamtoba, C vnad i vnd 
C JIelus JIair II D t ViCTOBLA British Coldmbu, Cinidi 

O NCE a woman lias given birth to an RIi positive child with a fatal form of 
eo throblastosis, it is veiv imcomnion for her to give birth to one less 
diseased ' ^ 3 v ipjijg ,g ^{j]] more ^le when the woman has been sensitized 
bj both pregnaiicj and transfusion AA hen the donor of the transfusion is the 
husband the outlook is almost hopeless This situation developed 111 the tamily 
here lecorded The leeord was as follows 


Family Blood Gioups — 

Dr E N E (husband) Oioiip 0 AIN P positive S negative CDe cDe 
(R.R„) 

Mrs E N E (wife) Group 0, AIN P positive S negative, ede ede (r 1 ) 
N J E (son) GroupO Snegative CDeede(Rir) 

All C E (father of Dr E N B) GroupO S negative, CDe ede (Ri 1 ) 
Ill's C E (motliei of Di END) Group Aj cDE cDo (R, R„) 

Ml'S N C (Sistei of Di L N E ) CDccDe (R.R„) { 


Pregnancy Recot d of Mrs E N C white age 3S years — 

Oetobei, 1940 Aboition at twelve weeks followed bj heiiiorihage and pneu 
monia Transfusion of 500 ee of husband s blood without reaction 

Maj 1942 Deliveij of living child (NIB) modeiatelj jaundiced for 
one w eek 

August 1945 Spontaneous aboition at eight weeks 

August, 1946 Deliveij of macerated fetus at tliiitj nine vveeivs Active 
fetal movements ceased two weeks pi 101 to delivoi'v A necropsj was pei formed 
on the fetus § The following aic the gloss findings 


Fetus weight 3500 gin length 48 cm A''erv maikcd edema ovei 
the whole bodv espeeialU occiput buttocks and estreimtics Numei 
ous inptuied blebs were piesent having a raw suiface Lips ind 
tongue were purplish black in color There was no fluid in the pleuial 
or peiicardial cavities The lungs weie brown finn and on section like 
cut meat The heart and gi tiact weic noiinal The liver was eii 
larged and of purplish blown color The spleen vvas also eiilai„cd 


Prom the 'WJnnlreK General Hospital ■Winnipeg' £Ianitob.i Cina In 
Kecehed for publication April J£> 1949 
Fellow in Internal 3Iedicine 

, , tDepartnients of Obstetrics an I Gjn colog^ K>\at Jubilee anil St Josephs Ilo'tpital 
\ IctnrU Urltl h Columbia ConaOn 

t 


Mr C h 
Mri C 
Mrs. V 



c C* 


These tests A\crc perfonn J b> tlie irtncoiner Rett Cross laiboratorv \ 
A linn Id anti b> Dr U U Rac fl «• l ( ter Institute Lon Ion hngland 

JBj Dr R J D McN rW I atU logi t Ro^al Jubilee Ho pita! Victoria 


ancou\er BC 
B C Canatla 


JS3 



984 


EAST AND JIAIR 


Table I 



AitOU^T 

OF 

Eh 

VNTIBODY TITERS 

SUBJLC 



INJECTIONS 

SALINE 

VLBUMIN 

A! BUillN 

TIVE RE 


DATE 

(cc) 

ANTI G 

AETI G 

ANTI D 

ACTIONS 

NOTES 



Intravenous 






1947 Jan 14 

2 

0 

0 

1 64 

0 


Jan 21 

3 




0 


Jan 28 

45 

1 2 

0 

1 512 

+ 


Feb 4 

6 




+ 

Benzidine test 







urine — trace 

Feb 11 

8 




+ 


Feb 18 

9 

1 8 

0 

1 130,000 

0 


Feb 26 

10 5 

1 8 

0 

1 16,000,000* 

0 


!Mar 5 

13 

1 8 

0 

1 1,028 

++ 


Mar 12 

15 

1 16 

0 

1 4,000 

0 


Mar 19 

17 0 

1 4 

0 

1 16,000 

-H- 


Alar 25 

19 5 

1 8 

0 

1 4,000 

-f-H- 


Apr 2 

23 5 

1 8 

0 

1 2,000 

++ 


Apr 8 

27 




+++ 


Apr 16 

30 

1 8 

0 

1 4,000 

++ 


Apr 23 

33 

1 8 

0 

1 8,000 

0 


May 1 

37 

1 8 

0 

1 1,000 

++ 

Serum albumin— 

May 7 

40 

1 10 

0 

1 1,000 

+ 





4 8 Gm 

Miy 14 

43 

1 16 

0 

1 1,000 

0 

Serum globulin — 






3 3 Gra 

May 21 

46 

1 16 

0 

1 1,000 

+ 


May 29 

50 

1 16 

0 

1 512 

-H-H- 

Drine benzi 

June 4 

53 

1 8 

0 

1 512 

+++ 




dine — 1 - 

June 11 

53 

1 2 

0 

1 512 

+++ 

Urine benzi 






dine — 1 - 

June 18 

54 

1 2 

0 

1 256 

++ 

Urine benzi 







dine — n- 

June 25 

56 

1 2 

0 

1 128 

-H-K- 

Icteric index — 10, 

July 2 

50 

1 2 

0 

1 128 

++-H- 

at height of 
reaction 


July 9 

35 

1 2 

0 

1 256 

++++ 

Last menstrual 

July 16 

20 

1 2 

0 

1 256 

+-H-+ 





period ( begimiiUt, 
of pregnancy) 



July 25 

0 

Tiace 

1 s 

1 128 



Aug 22 

5 




-H-++ 


Intramut,cuhii 






Sept 1 

5 




0 


Sept 6 

8 




0 


Sept 11 

8 

Trace 

1 10 

1 128 

0 


Sept 16 

8 




0 


Sept 21 

8 




0 


Sept 26 

8 

0 

0 

1 128 

0 


Oct 1 

8 




0 


Oct 6 

8 




0 


Oct 10 

8 




0 


Oct 15 

8 




0 


Oct 20 

8 




0 


Oct 25 

8 




0 


Oct 30 

8 

0 

0 

1 128 

0 


Nov 4 

8 




0 


Nov 9 

8 




0 


Nov 14 

8 




0 


Nov 19 

8 




0 


Nov 24 

8 




0 


Nov 29 

8 




0 


Dec 4 
Dec 9 

8 

8 

0 

0 

1 128 

0 

0 
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T VBLB I — CONT D 



AMOUNT j 
OF 

Rh 

\NriDODV TITERS j 

j 

SUBJEC 1 


DVTE 

INJECTIONS j 
(GO) 1 

SAIINB j 
ANTI C 1 

1 \LBUMIN j AJBUJIIN I 
ANTI G 1 ANTI D 1 

TIVE FE 1 
ACTIONS 1 

NOTES 


Dec 14 
Dec 19 

Dee 24 
Dee 29 
1948 Tan. 3 
Jan 8 
Jan 13 
Jan 18 
Jam 23 
Jan 28 
Feb 2 
Feb 7 
Feb 12 
Feb 17 
Feb 22 
Feb 27 
Mar 3 
Mar 8 
Mar 13 
Mar 18 
Mar 23 
Mar 20 

Oct 29 


1 512 


1 512 

I a 000 

1 4,000 
1 512 


23rd neck of 
pregnancy 


Deliverj at 37tlj 
week 

Seven months post 
partum 


. Data on Rh iaolmmunfzed noman (Mrs E. N EL) showing Injections Intravenously and 
intramuseularl) of husbands Rh positive blood The Rh antlbodv titers are shown (Tests per 
formed bj the Vancouver Red Cross Laborator> Vancouver British Columbia and occasion 
all> confirmed b> Dr Philip Levine Ortho Research Foundation Raritan N J) Throughout 
the titrations an absent or neak agglutination (negative prozone) to the albumin (blocking) 
anti D factor was noted In tlie first t\ o to five tubes Subjective reactions of the patient were 
graded as follows 

+ transient sliooting pains usually of fingers 

+ + Few chills Joint pains (see +) headache for one hour 
+ -H- More severe chills pains and headache losting for two hours 
+ + + + Chills joint pains backache severe headache temperature to 101 F Reaction 
lasting about throe hour^ but responding In part to antlhistamlnlo drugs 

Tests for hemoglobin In the urine (bcnzldlno test) were negative except as noted Tests 
for urinarj urobilinogen were conslstentlj negative 

It would seem unlikely that this tUer of 1 16 000 000 obtained on Feb 6 1947 is correct. 
The tost was not confirmed 


TJie kidneys, adieiials and pancreas \teic nonml The occipital bonas 
uere both fractmed in seteial places The biain shotted no CMdonec 
of injujy 01 hemoiihage but imikcd softenings and edema \^cie present 
Tlio placenta ’rtas hyperti opine pale and edematous 

ilicioscopie sections t\ere picpaied and rcvieued* The lepoit follows 

Single sections of tissue fixed m fonnalin and stained with heaia 
towliii and eosin weie available fiom the follouing tissues lung 
idreual spleen, placenta diaphragm liver tliymus and kidne> Set 
tions of tlie livei and spleen nerc stained for iron Lung TJie ahcoli 
nere distended nith amniotic fluid but there was no inflammatory le 
action Noraioblasts and laige erytliroblasts nere present in lar^e 
numbers in the capillaiies of the aheoli and also in some of the laigei 
\ cssels Thei o n ere se\ ci al islands of blood foimation in the subpleurul 
conneetno tissue These nere chiefly erythropoietic but there was also 
Bi Dr Bruce Cliown Professor of Pediatries Unlversitj of Manitoba 4Vlnnlpeg 
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some leucopoiesis Adienal Kadial stieaks of cells of the fetal coite\ 
contained each a single laige vacuole which, loofe like a fat dioplet ti 
some places m the adult coitex the capiUaiies aie well pieseived and 
contain many nucleated led cells, both iioimoblasts and eiythioblasts 
Spleen Theie was veiy extensive autolysis but cell nuclei could be seen 
thioughout the section No lymphoid follicles could be seen There 
was an abnoiinal amount of non within cells in eneles and streaks as 
one sees the iron in eiidhioblastosis Placenta Most of the villi weie 
small with a condensed stioma but about 20 pei cent were larger with 
a loose, empty and possibly edematous stioraa The maternal sinusoids 
iieie empty The capillaiies of the viUi were tairly well preserved and 
contained nucleated cells, both noimoblasts and eiythioblasts The re 
maining organs added no iiitoi matron, autolysis being tai advanced 
Fiom the above we can say (1 ) The fetus had attempted to bieatlie 
in iiteio, aspirating amniotic fluid (2 ) There had been an abnoimal 
degree of blood destiiiction with deposition of non in excess in the 
spleen (3 ) There was abnormal blood formation with iminatiiiity of 
the red cell senes in the ciiciilating blood Fioin these it can be con- 
cluded that the baby almost eeitainly had eiythioblastosis and it can 
be assumed that the degree of anemia was so great as to cause anoxia 
with resulting attempted lespiiation Finally, the lesion in the adrenal 
IS commonly seen in fetuses and newborn infants dying of erythroblas- 
tosis, paitieulaily those with hydiops, but also sometimes occur iing in 
other clinical forms of the disease I do not think it possible to say tor 
certain that the fetus suffered fioin liydiops 


On the basis of gross and microscopic findings a diagnosis of eiythioblastosis 
seems justified and it is assumed tliat death was due to this disease A confimi 
ing factor was the persistence of Bh antibody to a titer of 1 256 (albumin 
aiiti-D ) in the mother ’s blood two months post partuin 

The outlook foi the biitli of a noimal child to this couple appeared hope 
less It was therefore decided to attempt to “desensitize” oi “stabilize the 
uoman by serial, increasing injections mtiavenously of her husbands bloo 
The possibility of severe reactions was lecognized as well as the probability o 
making this isoimmunized woman even more sensitive The piojiiaiii of lo 
piocediiie is presented in Table I and Fig 1 

By the twenty-f oiii th injection (June 25, 1947) a inaximiini intiavenouj 
injection of 56 c c of the husliand’s blood was reached and it was obvious t ui 
no fuithei increase could be undeitaken without danger to the patient 
tioiis proved almost as severe with the lesser amounts of 35 and 20 cubic ceii^^^ 
meter’s The patient had readied a stage of extieinely inaiked sensitiiitv 
fact, she was given 5 c c of blood intravenously and suffered a reaction “ 
as severe as with 56 c c previously and much greater than with 43 cc 
way up At this tmie it became appaieiit that the patient was pregnant, le^ 
last menstrual period having been on July 14, 1947 It was accoidingly deci 
to give the husband’s Rh-positive blood intiainuseulaily instead of 
There were no subjective reactions to the intiamusculai blood The po 
received a total of tw'enty-eight intiaveuous and forty-three mtiamusciiiai 
tions From Nov 9, 1947 (sixteenth week of pregnancy) until dehveij 
patient was given 3 to 5 Gm per day orally of methionine (Meonine®) 

-D T td walkervJnti* 

♦Meonine brand of methionine ICindlj supplied b> Wjeth &. tiro ^ i 
Ontario Canada 



Mt MVS 


•Cabs u r 


C. for details see Table 11 
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The expected date of deliveiy was Apiil 21, 1948 The couise of the pieg 
nancy was uneventful with an aveiage gain in weight of the mother and with 
fetal size, activity, and heait sounds being noiinal Since the antibody titei 
had shoivn a continued use fioni the twenty-thud iveek of the piegnancy, a 
suigical induction with luptuie of the meinbianes was peifoimed on Maich 29, 


TjVBLe II 


PATE 

(1948) 

! EIGHT 
(LB 02 ) 

HEMO 

GLOBIN 

i (Gil ) 

R B C 
(MIL 
LIOVS) 

W B C 

ylbumin 
ANTI D 

JAUNPICE 

SPLEEN 

TRANS 

1 FUSION 

Mar 29 

5 12 

11 7 

4 26 

15,750 

1 4,096 

0 

0 


Mar 30 

5 8 

11 7 

4 20 

27,400 


+ 

+ 

75 c c 

Mar 31 

5 10 

14 6 

5 69 



++ 

++ 



Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
\pr 
Apr 
Apr 
Apr 
Apr 
May 
May 
May 
May 
June 
June 21 
July 7 
Auff 
Sept 
Oct 
Nov 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
21 
30 

1 

10 

11 

21 

9 


15 

15 

15 

15 


5 10 
5 11 
11 
11 
12 

13 

14 

15 
0 


7 13 

8 14 

10 6 
12 14 
14 1 
14 10 
16 8 


11 1 

11 5 
93 

121 
110 
110 
10 0 

12 5 
110 
12 8 

12 1 
11 7 
11 7 
110 

13 5 
13 5 
11 7 

95 
11 3 
10 2 
11 8 
9 1 
95 

10 7 

11 5 
11 0 
11 7 
113 
11 7 


4 26 
4 20 

3 26 

4 09 
4 20 

3 66 

4 45 
4 20 
4 70 

445 
4 20 
4 31 

3 97 

4 56 
4 20 
4 45 


7,450 


8,500 


1 64 


++++ 

+++ 

++ 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


++ 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


60 c c 


65 c c 
60 ec 


40 c c 


70 cc 

65 c c 

SO c c 
15 c c 


Rh 


antibody 
1 conditio 


pter etc 
:on spleen 


none 


Data on infant (Baby LEE) showing n eight blood counts 
Jaundice graded from + to + + + + the latter indicating a deeply Jaundiced -- ,-monr 
only sllghtlj enlarged At birth occasional erj throblasts were seen in the blood smea 
subesquently The red blood cell fragilitj was noimal trans 

Platelets 516 600 X-rats of tlie skull long bones and chest were negative A 
fusions given a ere of compatible Rh-negative blood 


1948 (thiity-seventh week), wuth deliveiy of a lusty baby girl weiglimg 5 
12 oz (2,600 grams) The amniotic fluid was cleai The placenta was 
giossly and microscopically On immediate thoiough physical exammation^^^ 
infant appealed quite normal without evidence of jaundice oi edema 
livei and spleen weie not palpable The following day the baby was shg ^ 
jaundiced and the tip of the spleen was palpable The pi ogress of the a } 
leeoided in Table II and Fig 2 
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The Bh tests on the baby Mere as follows 

(1) Cord blood at birth Group 0 cdc cde {C-, D-, E-, c+) Anti 
human giobulm test (Coombs’ test) on the bab) ’s cells was negative 


Saluie 

Albumm 


MOTHKR 8 SERUM 
WITH BABl CELLS 
None 
None 


MOTHER’S SEBUM 
WITH PANEL 
None 

Anti D— 1 i 096 


BABi 6 SERUM 
WITH PANEL 
None 

AntiD— 1 4,096’ 


This test was repeated the following day on the same sample of blood with 
identical lesults * 


(2) Two days of age “Graup 0 Behaves like an Rh negative blood but 
this 13 so onlj because of voij intense coating with niateinal antibodies ”t 

(3) Three weeks of age ‘ Otoiip 0 Rh negative The cells are not now 
coated with maternal antibodies Antibodies (aiitiD) still demonstrable at a 
titci of 1 64 ”t 

(4) Three and one half montlis of age “Gioup 0 Rh positive Type 
cDe cde (Ri, r), (C-, D+, E- c+ C*-) ’ft 

At date of wnting (March 1949), the baby has progressed and developed 
quite normally 

WSOUSSSON 


This case is not piesented with any idea of recommending the procedure 
earned out as a method of treatment, even though the outcome of the pregnancy 
was a happy one It does however, present several intoiestuig featuics and 
laises some question as to the validity of the current concepts of the pathogenesis 
of erythioblastosis 

One interesting feature of the case is the negative antihimnii globulin test 
foi ‘ cell coating" (Coombs’ test) on the baby s cells at biitli Race® offers the 
following possible explanations of tins (a) The baby’s cells were not ade 
quately washed free from serum (b) The antihuman globulin was not sufR 
ciently active (c) Though sensitized, the baby 's cells faded to give a positive 
Coombs test (d) At the time of birth the baby s cells were not sensitized and 
only became sensitized latei 

Another feature was the consistent absence of oi weak agglutination ui 
albumin of the anti D factoi (negative prozone) in the first two to hve tubes 
of the titrations Levine' Molin and Witebsky* believe that this prozone phe 
noraeiion which usually occurs only in highly immunized individuals may be 
duo to a third type of Rh antibody of true blocking charactei, m addition to 
saline (complete) and albumin (incomplete) antibodies They believe that this 
type of blocking Rh antibody prevents agglutination by either of the others 
Howard and eo workers’ suggest that bloUting antibody may act as a protection 
for the eiythrocyUes of the fetus The hypotiiesis could be offered that this 
explains the successful outcome in this case 

A remarkably high titer of albumin antibody was obtained in this case 
This was to be expected with the intensive additional ininuinizations There 


Tests performed b> the Vancouver Red Cross I-aboratory 
tPhlUp LeMne ai D 

tConrtrmed b> Dr R R. Race The Water Institute, London 
Diamond, The Blood Grouping Laboratory Boston Mas*. 


England and b> Dr L R 
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was no coil elation of the antibody titeis with the leaetions of the n othei (Table 
I and Fig 1) The lecoveiy ot an infant with such a high content and long 
pei&istence in its blood ot maternal antibodies is ceitainly a laiity Wienei 
and co-\\oikeis- lepoit a case ot suivival of an infant with massive exchange 
tianstusions In none of then pievious cases had an infant siiiwived if the 
mothei had a titei as high as bloclang test to 4 units and the albumin plasma 
conglutination test to 50 units Statistics of Davidsohn and Stem'* show that 
where blocking antibodies weie piesent to 1 10 or less, 41 9 per cent of infants 
did not suivne, and wdieie the titei wms above 1 10, 714 pei cent did not 
suiMie Thej also state, in regaid to a mothei with seiiim agglutinations to 
1 20 and blocking antibodies to 1 5 at the eighth wmek ot piegnancy, that the 
possibilitv that the antibodies weie ot the "eaii'v-ovei ” iaiiet> w'as the onl} 
hope m the ease 

Caitei” has veiv’’ leeentl}^ had eonsideiable success in loweimg aiitibodi 
titei s and pi eventing erytlii oblastosis by giving the mothei pienatal injections 
intiainusculailj of Kh haptens piepaied by alcohol and ethei e\ti action ironi 
pooled Rh-positive cells The hapten'- also has been used with success iii tlie 
tieatment of eiy tin oblastosis in the intant It would seem to be a possibihh 
in the case heie piesented that tiie bieakdown and dissolution of the Rh-positnc 
led blood cells at the sites of the intiamiisciilai injections might have leleased 
some hapten foi absoiption 

SUMMARY 

A lepoit IS presented of an isoimmunized Rh-negative w'oman Follomng 
tiansfusion of hei husband’s Rh-positive blood and deliveiy of a stillboiii, 
hydroptie infant, additional intensive imniiinization w’as bi ought about bj 
intiavenous injections of the husband’s blood ovei a peiiod ot six months An 
extiemelj high antibody titei w'as pioduceci eaily in the coiiise of the injections 
wdiich fell lapidlj and appealed to be stabilized Piegnancy supeivennig and 
siibjectue leactions pi eventing any fiuthei intravenous injections, the patient 
was gneii a senes of intramuseiilai injections of hei husband’s blood thioughout 
the piegnincv She was deliveied of a mildly ei vthioblastotic infant which sin 
vived ivithout anv great difficulty Tables and illustiations piesenting the 
coiiise ot the mothei and infant aie included Vaiious inteiestmg teatuies o 
the case are discussed 

We would like to thank especially the Vancouver Red Cross Laboratory which per 
formed most of our tests, Dr E R Race of The Lister Institute, London, England, v n> 
coiiftrnied the family genotypes. Dr It Galpiu, Pediatrician, Yictoiia, British Coluin u, 
who cared for the baby girl. Dr Bruce Chown, Professor of Pediatrics, UnnersU} o 
Manitoba Medical School, who assisted in the preparation of this report, and Dr " 
Levine, The Eh Blood Testing Laboratory, Ortho Research Foundation, Raritan, i 
who performed a number of the tests for us as noted in the te\t 
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A EE-BVALUATION OP PAPAVEEINE IN THE TEEATMENT OF 

ANGINA PECTOEIS 


A J SnioN, B S , M I) , M Dolgin, B S , M D , A J L Solwvy, B S, MD, 
J Hirschjiann, B S , M D , and L N Katz A B , j\I A , il D 

Chicago, III 


F oe seveial yeais papaveime has been used, both intiavenously and oiallv, 
in the tieatment of the anginal s3nidionie with conflicting lepoits as to its 
value It IS an isoqumolme alkaloid deiived fiom opium which does not piodiice 
addiction ^ Expeiimentally it has been shonm in studies fioni tlus laboratoiy 
and elsewheie to be a powerful vasodilatoi “ It diminishes oi abolishes 
premature systoles of ventiiculai oiigin“ ® PaP and Maeht® recorded some 
beneficial effects with intravenous papaverine Using oral doses of 26 mg 
(% gi ) daily, Evans and Hoyle*® reported questionable benefit In 1942 this 
department admrnistered oral papaverine nr doses higher than those previously 
used with 400 mg (6 gi ) daily there was apparent improvement in 75 pei 
cent of the cases studied® Since this report other author’s have obtamed di 
veigeirt results Swanson® reported improvement ui eleven of twelve patients 
Gray and co-workers*” found no iinpiovemeut in ten patients using daily doses 
of 400 mg (6 gi ) and 800 mg (12 gr ) White** and Gold*® have both stated 
that the drug is of little or no value Our clinical experience with the drug m 
the year’s since the initial optimistic report has been disappointing This e\ 
peiience, plus the variable results of other investigators, demanded a ciitical 
re evaluation of the usefulness of papaveime in the tieatment of the anginal 
syndrome 

METHOD 


The present study wns carried out on patients attending the out patient Cardnc Clinic 
of the Michael Eeese Hospital Each of these patients had been attending the cliiuc for 
at least one year, and all had been thorouglily investigated Tlie criteria for selection of 
patients were (1) each individual must unquestionably suffer from angina pectoris, (2) the 
attacks must occur at least twice weekly and preferably more often, and (3) the patient 
must be sufficiently intelligent and cooperative for an evaluation to be made In selecting 
c ises for this study more than one hundred patients with the clinical diagnosis of angina 
pectoris were interviewed Of these only twenty seven seemed to fit our criteria as s a 
Of these twenty seven patients, fourteen were dropped as the study progressed Of m > 
four improved so much during the control and placebo periods that they no longer 
tamed the required number of weekly attacks The remaining ten were dropped for 

consistent failure to keep appomtments, inability to attend the clmic frequen J 


cause of long distance to travel, and doubt as to the accuracy of the diagnosis 
group consisted of thirteen patients, six women and seven men, ranging m age 
73 years with an average of 64 Tlie duration of the anginal syndrome was one 


The fini^ 
from 35 to 
to thirteen 


years with an average of four and one half years Ten patients had arteriosclerotic 
ease, two had arteriosclerotic and hypertensive heart disease, and one had hypertensive 
disease Three had definite histones of myocardial infarction 


From the Cardiovascular Department Medical Research Institute Michael Beese 
Tlie department is supported in part bj the Michael Reese Research Founda on 
Aided bv the Emil and Fanny Wedeles Cardiovascular Fund 
Receiied for publication Xprll 7 1949 
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V complete lustory and physical examination were done in each case Laboratory data 
included a complete blood count unnal\3is blood urea nitrogen chest x ray fluoroscopj of 
the heart and lungs and electrocardiograms token before, duruig and following papaverine 
therapy The patients were seen biweekh oecasionallj at tlireeweek inteiwals, usually bj 
the same phjsician in an effort to establish and keep the patient phjsician relationslup as 
a constant environmental factor Each patient was mstructcd to keep a diarj on forms which 
were supplied sliowing the number and duration of attacks and the number of nitroglycerine 
tablets u ed each daj On each clinic vi it the patient wa questioned regarding subjective 
improvement degree of aetivitj indulged in during attacks aierage number of blocks he 
could walk before anginal pain occurred and changes m Ining habits and the environmental 
and emotional situation whicli might be contributory All received nitroglycerine re 
quired In some instances other medication such as phenobarbifal was used The amounts 
of other medication were maintained constant Three piticnts were on a maintenance dost 
of digitahs throughout the study 

At tho beginning of tho studi each patient was followed for at least si\ weeks before 
either placebo or papaverine meflieation was admint fered This period served as one of 
adjustment for tho patient and ph^slclan 'When it appeared that the patient’s nngina hud 
reached a basic le\el, he was given placebo (lactose) capsules which appeared in all respects 
identical with the papaverine capsules * These vere tiken four times daily before meals and 
at bedtime and the patient was told that tho capsules were to reduce or prevent chest pain 
kfter not less than four weeks on placebo thcrapv during which time any improvement was 
evaluated capsules containing 100 rag (1^ gr ) of papaverine hydrochloride were sub 
stituted for the placebo without the patient s knowledge This dosage level was maintained 
for four weeks or more In order to minimize tho effects of spontaneous variations m the 
course of the disease and tlie psychic influence of drug administration, the patient was kept 
at various dosage levels of placebo or papaverine nntil lus response appeared to have stabi 
lized ‘When a definite decision could be made regarding re'sponse to the 400 mg (0 gr ) daily 
do-^gc, tho drug was increased to 600 mg (0 gr ) a dav Inter to 800 mg (12 gr ) daily If 
there was any doubt about tho response to papaverine placebo capsules were substituted at 
the same dosage level Finallv following ccs ation of placebo nnd papaverine thernpv each 
patient was followed for a further control period of at least four weeks The total period 
of ob crvation covered eight to twelve month*: 

CRITEBLV FOR EVVLU\TION 

The evaluation of tlieiapv foi chronic coronaiy insufficieiuy when mam 
fested by the anginal sviidromc is always a difficult task Theie aie at least 
three major reasons foi tJns (1) spontaneous varjations ju the course of tho 
disease (2) the noncontrollaolc psvchic influences (3) the absence of a reliable 
quantitative test to judge the effect of tieatmcnt We believe that these factois 
have been mainly responsible for the viiiablt icsults obtained by the different 
investigators who have attempted to ovahntc the efficacy of papavciine in angin i 
pectoris The present studv was iindcitikcn with i view tow aid obtaining 
experimental conditions which would minimize the inipoitancc of the foregoing 
factors as much as possible Directed toward this end weie the caieful selection 
of cooperative patients the observation of the patient thioi^h a relatively IoUq 
initial contiol period and maintenance of the patient on placebo and successive 
dosage levels of papaverine until the response was deal 

In planning the study consideration was given to the use of the exeicLse 
tolerance or anoxemia tests as possible objective (hence moie reliable) methods 
to judge the effect of tieatmcnt These tests weie not used foi tlie following 
reasons 

, We arc grateful to Lll Lill> i. Coiiipan> for bUppljinc tlie papavtrinc ami i lactbo cao 
*ules u ed In this atud> 
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1 It would be impossible to assess the validity of changes m the patient s 
1 espouse to exeieise oi anoxemia without establishing a long contiol peiiod 
duiing which these tests would have to be lepeated as fiequently as one oi iiioie 
times pel week and as fiequently during the placebo and diug peiiods Such 
a piogiam was impiacticable Puitheimoie, theie is no eiidence in the liteia 
tiiie to indicate that either of these tests has or can be used as a fine reliable 


qiiantitatiie ineasuie of the degiee of eoionaiy insufficiency 

2 Both the exeicise toleiance and anoxemia tests aie aitifieial pioceduies 
Neithei one can be considered an accuiate lepioduction of the total clinical 
state which lesults in angina peetons It ivas felt, therefoie, that results fiom 
these tests could not be applied diiectly to the anginal syndrome as seen clini- 
cally The efficacy ot diug theiapy in the tieatment of angina pectoiis can be 
determined onlv by observations on the naturally occur ring syndioiiie 

Judging the eftect of tieatment in angina lemains a difficult problem m 
clinical evaluation When observed over periods of many months, patients 


with angina display wide vaiiations in ability to walk distances and peifonn 
loiitme tasks, and striking differences in the number of attacks of pain suffeied 
Basing indications of iinpiovement on either severity or duration of attacks 
01 the number of nitroglycerine pills used in a given period might be misleading, 
although considered together these data suggest a trend We considered the 
most useful ciiteiion ot the patient’s course to be the niimbei of attacks of pmn 


sufteied in a given period It is true that with impiovenient the patient may 
increase his activitv and thcieby keep the attacks of pain at a constant fie 
queney, howevei, the opposite is also true Theietoie, if the drug being m 
vestigated produces a striking oi dramatic decrease in the patient's attacks o 
chest pain, there will be no doubt in the mind ot the investigatoi as to the efficaci 
ot his nreasuies IMaiginal results aie difficult to evaluate A dramatic lesu t 
was considered to be an abrupt decrease by at least 50 per cent in the attac 
of chest pain when thev’’ nrurrbeied in excess of forty pei week, 75 pei cent w eii 
they vveie between ten and forty, and 100 per cent when they weie ten or ess 


RESULTS 

The lesults aie buiiimaiiaed in Table I All thiiteen patients lecened a 
trial on 400 mg (6 gi ) daily papavciine In only' two patients was j* 
significant i eduction in the immbei ot attacks ot pain One ot tliese (J 
showed a fuithei i eduction when the dosage was incieased to 600 mg (9 
daily Howevei, at the highei lev'el he complained of severe weakness ai^^^ 
anorexia, and the papaverine had to be discontinued Unfortunately' the pa le^^ 
died suddenly' before the final contiol period could be evaluated The otiei 
tieut (S M ) who showed impiovement on 400 mg (6 gr ) daily was 
sedated by the diug Instead of his customaiy complaints of insomnia^ 
tient now slept twelve to fourteen houis each night so that he no 
frequent anginal attacks at night This patient was so severely cons q 
by' the papaveime that the drug had to be stopped , 

Nine patients received 600 mg (9 gi ) daily' Onlv' the one a 
cussed ( J S ) showed significant decrease in the fiequeiicy' of pan^ ® 
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tients leceived 800 mg (12 gi ) daily In no case was theie a cleai cut im 
pio^ement in tlie ability to peifoim loutine activities at any dosage level of 
papaverine 

Toxic symptoms weie obseived at the 400 mg (6 gi ) level in two patients 
In both the complaints weie of drowsiness and constipation With the dosage 
of 600 mg (9 gi ) daily one patient complained of weakness and aiioiexia and 
one of headache and epigastiie distiess At the 800 mg (12 gi ) daily level one 
patient complained of diowsiness and two of constipation 


DISCUSSION 

This senes is laige enough and sufficiently well contiolled to ivaiiaiit the 
deduction that laige doses ot papaveiine do not have a unifoinily beneficial 
effect on angina pectons distinct fioin a psychic action It is possible that the 
landom sample selected is weighted and the negative lesults obtained aie not 
t'vpical of a laigei senes, but even if this weie so, the piesent study demonstrates 
that papaveiine administeied oially is of limited value in angina pectons 
This does not pieclude its tnal clinically since an occasional patient may be 
found in whom the diug has a sti iking, beneficial eftect without untowaid side 
leactions 

The piesent study diffeis fioni oui eailiei study in one veiy impoitaiit 
lespect, that is the cntenon of inipiovement It this cntenon of a stiiking oi 
diamatic reduction in the numbei of attacks of chest pain weie applied to the 
eailiei study it would be found that many cases classified as defimteh nnpioied 
would now be consideied as maiginal lesults Thus, using oui piesent moie 
ciitieal attitude the results of the two studies would not be fai apart 

Since papaverine definitely acts as a poweitul coionaiy dilator in animals, 
its failuie to pioduce clinical results in man may be on the basis of one or 
several mechanisms (1) Its action on the coronary vessels of man, paiticiilail) 
sclerotic coionaiies, may be different from its action in animals (2) Coionarj 
dilatation in the cardiac region responsible tor the anginal pain may not be 
gieat enough, or maj^ be neiitialized by dilatation of other systemic vessels wit i 
which the eoionaiy vessels tor in parallel circuits (3) Factors othei than 
inadequate coionaiy flow may dominate the iiiechanism giving use to angn 
pain (4) Diamatic results in patients with anginal pain, aside from 
effects, may lequiie a quick acting as well as a poweiiul coronaiy dilatoi 
as nitioglyceiiiie Slower acting dilator dings may permit iead]ustments n 
obtainable when a quick-acting drug is used 


CONCLUSION'S 

1 The oral administration of papaveiine in doses of 400 mg 
800 mg (12 gi ) dady did not significantly reduce the frequency of 
angina pectoris oi increase the patients’ ability to peifoim routine 
in eleven of thirteen cases followed ovei a period of eight to twelve mon 

2 In two patients papaveiine appeared to have a beneficial e 
angmal synidiome In one patient the results appeared to be due to tie se 
eftect of the drug, m the other the cause of improvement was not eer am 
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3 Toxic effects weie noted in two patients taking 400 mg (6 gr ) dailj, 
two taking 600 mg (9 gi ) dailj, and three taking 800 mg (12 gi ) dailj 
Constipation and diowsiness weie the most common symptoms 

4 A careful le evaluation of the use of oral papa^ellne in the treatment 
of the anginal sjndrome leads us to conclude that it is of limited value 

We are grateful to the cluuc phjsicians for permisaioii to use their patients m thia 

stud) 
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SEMIWEEKLY TREATIVIENT OP SYPHILIS WITH PROCAINE 

PENICILLIN IN OIL 

Reactions \nd Preliaiinary Results in 228 Patients 


Virgil Scott, M D 
St Louis, Mo 

T he supeiioiity of penicillin ovei pievious antisj philitic agents has been 
cleailj demonsti ated by the lesults of the nationwide study of pemcilhii m 
sypliihs ' Eailv penicillin piepaiations, administeied in aqueous solution, le 
quiied hospitalization of the patient foi fiequent injections With the develop 
inent of penicillin in peanut oil and waN by Roniansky and Rittman,- the 
aiiibulatoiy tieatnient of sj’^philis was made possible, and lesults thus fai avail 
able indicate that schedules employing daily injections of this mateiial aie at 
least as effective as aqueous leginiens of similai duiation Moie leceiitly, loiigei 
acting lepositoiv penicillin pieparations have been pioduced It is the piupose 
ot this lepoit to deseribe the use of one of these, erystalhne G pioeame penicillin 
111 sesame oil, administeied at nioie piolonged inteivals (semiweeldy) in the 
ambulant ti eatment of syphilis 

The objectives of the present study weie twofold (1) to deteimine the 
theiapeutic efficacy of procaine peiiicilhii in oil administeied seniiweekly m the 
ti eatment ot syphilis, and (2) to deteimine the piactieability of a semiweekh 
schedule in the tieatnient of ambulant patients fiom the standpoint of case hold 
ing The pieliminaiy results heieiii piesented aie based on the ti eatment of 
228 patients with all stages of sjqihilis At the same time, iiifoiinatioii has been 
obtained on the lack of toxicity of piocaine penicillin in oil, paiticulaily m 
lespect to the piocaine fi action and its continued adnnnistiation ovei prolonged 
pel lods 

MATERIALS and JIETHODS 

Procaine penicillin, a sliglitlj soluble salt, is prepared by the chemical combination of 
pi oc line hjdrochloiide and sodium penicillin G® The prepantion einplojed (Duracillnii^n 
oil*) IS suspended in sesame oil, mth dispeising agents added, and contains 300,000 un^^^ 
of penicillin and approximately 125 mg of procaine per milliliter Ninety per cent o 
penicillin is penicillin G with a potency of 940 units per milligram, and at least 50 per c 
of the particles are of large size, 50 fi or more in diameter o Because of Ion solubility, 
particle size, and suspension m oil, the penicillin is slonly absorbed and produces 
serum concentrations Following a single intramuscular injection of 600,000 units, i 
employed in this study, detectable serum penicillin concentrations haie been o s 
forty eight hours in as many as 89 per cent of patients,® and excretion of peniti in 
urine continues for longer periods of tune Because of its slow absorption, procaine pm 
in oil Mould appear on a prion grounds to be well suited for the treatment of sypi 

In a like manner the procame is released slonly from its combination prop- 

and IS absorbed over a period of hours Although widely used for its local anes 
erties, and recently administered mtravenously in the treatment of arthritis an 


have been rcpori 


Departments 


orders," occasional instances of intolerance or sensitivity to procaine 

Prom the Sjphilis Clinic of Washington Universltv Clinics and the 
lentil t Aledicine and Internal Vlediclne Washington Universit> 

Receiied for publication April 25 1949 oterlal 
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In tlio present stud}, because of contorn in respect to the rather Urge amount of procaine 
contained in the preparation (approximate!} 2o0 mg per 2 ml dose) an attempt uas made 
initially to screen patients in order to detect those uho c tolerance to procaine might bo lou 
Consequent!} each patient was questioned regarding previous procaine injections, eg, for 
extraction of teeth, skin tests were performed by the injection of 0 1 ml of 2 per cent 
aqueous procaine solution (2 mg ) intradermall} and, in reference to 8}stcmic intolerance 
0 5 ml (10 mg) was injected mtramu‘?cularl} After thirt} minutes of observation, an 
initial doso of 300 000 units of procame penicillin in oil was injected all subsequent injec 
tions being of 000,000 units each On each of the first three return visits, patients were quea 
tioncd by a plijsicion regarding botli local discomfort and generil reactions and the m 
jcction site was inspected and palpated 

Regimens Employed — Tin results of the national stud} of penicillin m sypliilis have 
shown eascntiill} similar failure (or rctreatment) rates for aqueous pcnicillm wath schedules 
var}ing lu duration from four to fifteen da}s in dosage from 12 to 4 8 million units,* and 
m mterval between injections from two to six hours® Results with penicillin m peanut 
oil and wax administered cither dail} or twice dail} for eight and for fifteen da}S m total 
dosages of 4 8 to 9 6 million units have not bten significant!} different i Because pro 
longation rather than intensification lu i} prove to be the important factor in the treatment of 
syphilis and because of previous experience on a small scale using penicillin m peanut oil 
and wax schedules involving somiweekly injections of bOO 000 units of procamc penicillin 
m oil were clioseu Experimental support for increasing the total duration of treatment has 
been presented by Eagle Uaguuson and PlcisclimanJ® wlio obtained successful results in 
treating rabbit syplulis with a schedule consisting of intramuscular injections of onlj 7 units 
of aqueous penicillin per kilogram of body weight over a prolonged period It is significant 
that with this regimen Eagle and co workers were at no time able to demonstrate detectable 
scrum pcnicillm concentrations Low concentrations acting over i long period of time were 
more effective than JiigJi concentrations acting over a short period of time Subsequently, 
the same authorsi^ found pcnicillm m peanut oil and wax to be two to fourteen times more 
effective than aqueous solutions m the treatment of experimental sjphihs For these reasons, 
therefore the duration of treatment of patients included in the study was arbitrarily pro 
longed to seven and one half weeks (total do age 9 0 million units) or alternately, in some 
patients with more serious late forms of the disease to ten weeks (12 0 million unit^) 

Clinical llateual — All new patients with sjplnhs rcgardle-’S of stage of disease were 
treated with one or the other of the foregoing 'Jchcdulcs Tlic diagnosis and treatment regi 
men in -28 patients are indicated in Tabic I The division between earl} mil late 1 itcnt 
’<}pliilis IS iMscd on the two }car tirao pi nod 


TVBIE I DiMNOSIS \NI) THEATMFNT KFOIMLN 1 MlI.O\ll) IS r VTll NTS 


bCllVUUI E 

TOTAI DObAQE 

«) i) Mil 1 lOV UMTS 1 

12 0 MU 1 ION UNITS 1 

TOTAI 

1 DURATION 

7 WK ! 

10 WK 

DIAGNOSIS 1 

NUMIIU OS 
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NUMBER Oi j 

1 VTUNTS 
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second ir} ) 

24 


-4 
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22 


2- 
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SO 
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3 
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37 
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3 

10 

13 
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3 
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10 

38 
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9 

3 

12 

Benign late (gummatous) 
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Congenital (interstitial kiratitis) 


1 

1 
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ISO 

48 
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RESULTS 


Toxicity — 

Piocaine Of foitj-foui patients subjected to the scieenmg pioceduie foi 
piocaine toMcity, none lepoited pievious untowaid leactions to the ding The 
intiadeimal test was mteipieted as negative in foity-two and doubtful (slight 
eiythema) in two Although the intramuseulai test dose resulted in no evidence 
of piocaine intolerance, one patient lepoited suggestive symptoms folloiviiig 
the mjeetion of piocaine peniciUm in oil This patient, a 38-yeai old white 
woman wuth late neuiosyphilis recently receiving treatment with the ai-semcalb 
and bismuth, was unaivaie of any previous piocaine injection She was one of 
the two patients whose slan test showed eiythema and, consequently, althoiigli 
10 mg of piocaine alone mtiamuseulaily lesiilted in no subjective evidence ot 
intolerance, she received only 150,000 units of piocaine penicillin in oil as the 
initial dose Theie were no immediate untowaid symptoms but about ten houre 
latei she awoke with feelings of extreme apprehension, neivonsness, dyspnea, 
tightness in the chest, palpitation, tachycardia, and generalized numbness 
These sjuiiptoms, varyuig in intensity but gradually diminishing, persisted foi 
three dajs Further injections of piocaine penicillin in oil were lefiised, and 
tieatment was subsequently Gained out without difficulty with penicillin in 
peanut oil and wax The symptoms described are compatible with procaine 
intoleianee, but pi oof of its causal relationship is lacking 

Although the pietieatment piocaine survey was discontinued aftei the 
oiigmal senes of foity-foui patients had been completed, all patients receiving 
piocaine penicillin in oil were questioned on each letiiin visit b'v the treatment 
nurse and at frequent inteivals by a physician, and no further instances of sus 
pected piocaine intolerance occurred 

Pemcilhn Of the 212 patients wffio have completed tieatment, tivo vitb 
pie existing deimatophj’tosis pedis developed, after the hrst injection of pio^ 
came penicillin in oil, transitory vesiculopapulai eiiiptioiis limited to the ee 
which disappeared promptly without inteiiuption of tieatment Five patien s 
developed generalized pi untie eruptions (papular in two, uiticaiial m ir® 
dunng the eouise of treatment In one patient, who one yeai pievioush 
developed a giant line at the site of injection of aqueous penicillin foi 
monia, geneialized uitieaiia appeared aftei the first injection of 


penicillin in oil In two patients the generalized eiuptions appeal 


ed aftei the 


foiiith injection, and in one each after the sixth and seventh 
two of these five patients tieatment vvms interiupted tempoiaiily) ™ 
itching was controlled with an antihistaminic diug and tieatment was 
tinned uneventfully ^ 

These eiuptions were similar to those obseiv'^ed previously m 
treated eithei vvuth aqueous penicillin oi with penicillin in peanut oi ^ 
wax The incidence of this type of reaction following piocaine 
oil (approximately 2 5 pei cent of patients) is less in oiii experience mi 
penicillin in peanut oil and wax (5 per cent) 
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The pioeaine pemoillin in oi) piepiratiou has pioied snpenoi to pemeilhn 
m peanut oil and wax m otliei lespccts These include ease of handling and of 
adminisf 1 ation, and absence of local diseomfoi t and of nodule formation such 
as was obsened following the inadvcitent superficial injection of penicillin in 
oil and ua\ Earely, and because of faulty technique of nijection, tiaiisieiit 
uunihness of the leg on the injected side has oecuri ed 

In suinmaij, in appro\iinately 3 500 injections administered to a total 
of 228 patients, of whom 212* haie received from fifteen to twenty mjeetions 
over seven and one half to ten week time peiiods, there has been only a single 
instance of suspected (but not pioved) piocaiiie intoleianee and an incidence 
of 2 5 pci cent oi less of generalized eiuptioiis of the tjpc attributed to 
peiucilliii Prom the standpoint of ease of administiatiou and absence of 
local diseomfoi t, this proeame pemcillin in oil pieparation has pioved highly 
satisfactory 

THERAPEUTIC EFKlOVCV 

In a chronic infection such as syphilis little information on the theiapeutic 
effectiveness of an agent can be gained fiom a small senes of patients with 
dueise stages of disease ohseived for only brief periods of time It is to be 
emphasized that the data to be picsented aie meager, and final interpretation 
must wait upon future evpeiience Ptebminaiy impressions of theiapeutio 
effeetn eness can be obtained (1) ui eai ly syphilis h> the disappeai anoe time of 
Treponema pallidum, hj the rapiditj of healing of lesions, by the seiologio 
lesponse and by the ooourience of lelapse (2) by the healing of lesions in 
benign late syphilis and (3) by the trend of the oeiehrospinal fluid abnormal! 
ties in neuiosyphilis 

Early Syphilis — T pallidum disappeai rapidly (inthin twenty four 
hours) from the moist lesions of eailj syphilis following injection of an ef 
fective antitieponemal agent In the twentj four patients with eaily syphilis 
treated with the seniiueekly schedule (600,000 units per dose), daiic field 
examination was frcquentlj impracticable at the time of the first post 
treatment a isit because of the advanced stage of healing Poi this i eason ten 
patients with daik field positive lesions of eaily syphilist weie ohseived 
eighteen to twentj foui horns after an initial injection of 300,000 units of 
pi ocame penicillin in oil In each instance ? pallidum w ere no longer present 
in suum expiessed from pieaioiusly dark field positive lesions): This car 
lesponds with previous findings following penicillin either aqueous or in oil 
and wax 

As indicated the lesions of early sjphilis piomptlj lesolved this is in 
confoimauce with observations following the admmisti ation of othei penicillin 
pieparations 

In respect to seiologic i espouse the data are too meager for statistical 
presentation However, as of this wilting, eight of twentj four patients have 

Sixteen patients lapsed before completini; treatnienL 

tNot otherwise Included In this report 

JThe author nlshes to thank Dr Lelnnd Hancliett JleJlcal Director lUdwealem Medical 
Center for these obsenatJons 
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tative tesls'7„;?hr,''e\Xs™'“tt; 

been no leinfeetions ^ ^eioio^icallj^, tlieie liau 

r:'SSHr““ 

amJm i??" °' '''''"®” ‘‘‘" “f'** «'-'■> -elafvelj mmule 

«tr“lmaralT piompt lesponae „t the s,^ p.l.e«(s 

came peniciilin m ™ceinl) heated inth pio 

came penicillin in oil would be anticipated 

indieatT "oTth bas been emphasized by Dattnei- that the most leliable 

ceiebiosnifnl ^^^'^tiveness in nemosyphilis is the i espouse of the 

nroteiir T paiticnlaily in teims of cell count and total 

follow, /“f 111 colloidal and quantitative complenient fivatio.i tests 

t manifest Of the 

fivp ha 0*^+1! With neuiosyphilis included 111 the piesent study, twenti 

f-Pioo J of the ceiebiospinal fluid appioMiiiafel} 

f following completion of tieatment Evidence of 

t my 0 e s>philitic pioeess befoie tieatment is documented by the 

0 owing a a Using the method devised by Reynolds, but employing: 
meciun ya ues lat lei than means as a 11101 e lepiesentatn e eenteiing constant 

01 sina senes, t e results of the pi eti eatment ceiebiospinal fluid examination 
in these twenty-five patients weie as follows coll count = 92/3,'’ total pio 

eiii mg pei cent, colloidal gold = 15, t complement fixation test = 16 i 
le initia post-ti eatment lesults in these same patients oLtamed tliiee to 
following completion of tieatment aie in stiiking contiast cells 
- 10/3, total piotein = 46 mg pei cent, colloidal go’d = 3, complement fix 
ation test = 4 

The thiee following biief ease leports aie typical of the ceiebiospinal fluid 
1 espouse in patients obseived foi moie piolonged peiiods of time Although 
none thus fai have leqniied le-ti eatment, much longei observation will of couise 
be necessaiy to deteimine the ultimate outcome 

Case 1 A B (A 4271) a 41 year old nhite maa aith untrea.cd late memngOTii^cuP'' 
neurosypliilis, received 12 million units of procaine penioillin in oil (600,000 units tiiice 
ueikly) between Jinuary 30 and April 6, 1948 The cerebrospiii il fluid results are mOi 
1 ited 111 Table II Ihe blood serologic titer o\ei the sinie period deoi eased from COO to 120 
Kihii units 

'Fuchs-Rosentlial count ng chamber 92 cells per 3 2 mm ’ of spinal fluid 
t Vrithnietic sum of the flist thiee tubes eg 5554321000 == 15 

tin this laboiytorj the spinai fluid coinp'emcnt fixation test is quantitated h> using Oj: 
creasing amounts of spinal fluid as folions 1 0 0 5 0 "S 0 12 0 06 0 03 0 01 and the reauii 
of eacli reported In accoi dance witli Rejnolds rccipiocal \ala(M were assigned to the lariou 
leadings 0 01=100 0 03=33 0 00 = 16 0 12=8 0 25=4 0 5 = 2 1 0 = 1 
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T\ai>E IX OrwufRisiiNM Fti lu Tesj-ovse in C\se 1 


D\^^ BEfORSOR ] 
\nXBENPOl 


Ti rtc 1 
PFOTEIN I 

! 

CO IPIBMENT flWTIOS TEST 


(MUXilUMi 1 

VMOCNT or SPIN \L FLt W (ML ) 

TPEATilENT ] 

ctns/uw5 1 

lito > 1 

GOLP 1 

0 0110 OiJO 0610 2^(0 2 0 


- 60 

180/3 

lU 


0 

0 

4 

4 

4 

4 

4 

4- 9S 

16/3 

HO 

2^11100000 

0 

0 

i 

3 

a 

a 

4 

+192 

33/3 

No data 

oooooooooo 

0 

0 

♦ 

J 

3 

3 

4 

+290 

V3 

Oi 

inioooooo 

0 

0 

+ 

7 

4 

4 

4 


•In tlii'j and In ‘:ubsenufnt lablr th number refers to d4>s before the end of treatment, 
le Imnjcdiateii preceding the beginning <t trcstnicnt 

2 — J \r (A7^^3> n -19 oW colorei man mth e enliil/^ unfreatejl <t%\o 
bi muth injections eteii >eirs previou h) 1 iie a^vraptomatic neuro'-^phiJn of ivventv \fnrH 
duration re*eive(J fifteen injection** of protaine penicillin in Oil, total do^uige 9 million unit*? 
between Dec ID 1947 nnd Fe> R 1949 The cerebrospinal fluil ri pon e is recorded in 
Table HI The blood serologic titer remained orcfun;fe I during this interval 


Tapi E HI (ErE.^r *>riN \l Pii i» JlEsro\SE rs C\S£ - 


bWSBFroBEOB 
NFTEPENDOP j 
TREATilE-NT | 

' i 

1 ettrs/MM 5 ' 

TOT VI 1 

proTCIN j 

» MI 1 : 

1 ! 

i COLLOID U. j 
1 COLD 

1 COUPLE fENTflXlTlON TUST 

1 AAfOI NT or SPIN tL I CL to { ML ) 

|ooi 0 03|00b0]20sj|la ID 

-IQl 

347/3 

103 


0 3 3 3 3 4 

4 

+ 71 

SV't 

Oa 


No lata 

4 

+283 

5/3 

4S 


0 0^444 

4 


•Sec footnote to Table II 


C\&t 3 — P il ^ i^4a; w n 7 rear old colored nnn with late a rapfoniatic ncuro 

sj’pUUia of twenty one >ear^ duration Previous treatment admin tered elsewhere intlude*! 
iexer therapy 2 injection of ilaphar'.en tuelrc of bismuth and nineteen of -ildarsotifc be- 
tween March and December of 1946 recorded the corobrospinal fluid on idmission here 
one \ear later showe<I evidence of marked a«tivi(T Between Dec 29 2D47 and March d 
1948 he received 13 mill on units of procaine penicillin in oil {600 000 units twice ueeUyl 
The cerebrospinal fluid results are rcforUci in Table The blood erologic titer, low at the 
onset remained unchanged during this ob ervation ponod- 


7\Bu Cimrer Fust rrsj'ONsriN C\sz3 


DWSBEFOPEQR j 
VITEP END or 1 

treatment 1 

CE/CS/MIIJ 1 

1 totvl 

I PPOTElN 
[ (MO 

i 

COILOIDVL 
GOIP 1 

coitprr^i_smA.vnoN test 

\M01 NT OP SPINAL FLl ID { ML. > 

\OOh0 03 0 0GO I2 0 2oi 1 o 

1 0 

- 8" 

43/a 

9> 

jo->4a3I«0U 

0 4 

4 4 4 4 

4 

+103 

s/3 

37 

ooofionoooo 

0 0 

0 2 4 4 

4 

+276 

a/ a 

ai 

uuionooo 

0 0 

0 4 4 4 

4 


Sce footnote to Tabic If 

The results ohtauiecl thus far in patients wuth neuroSN philLs are compar 
able to those previoush obtained bt us usinj? aqueous peuicjJlin in simdai 
araounis admiiiistei ed m dnidcd doses e^et^ three to four hours to hospital 
i^ed patients o\ei two to three week tnnt peuods The ad^anta/e of the 
prevent method 2s its 7ppbe*2b?bti to imha) int pitunt^ 

It should le en»})hnsi2ed that the particular schedules eniplo’ved in this 
■^tnd^ are empmcTl md tint no special \utue can le tlaiined for semiwccUj 
injections o^tr (he two time peuods arbitrinl^ chosen It seems probable 
th^ta\ar^pt^ of rein mens ef, daiK thiiec wtekl) etc over a arming periods 
of time will pJo\e eqi dlj elTeetne 
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HERXHEIMER REACTIONS 

An evaluation of the Jariseh-Heixheimer phenomenon lecpmes hospital 
ization of the patient, partieulaily in respect to the occuiience of fevei Since 
one of the objectives of the piesent study was to deteinune the praetieabihty 
of procaine peniciUm in oil in the tieatnient of ambulatoiy patients, only sl\ 
patients weie m the hospital at the time of their initial tieatment Three 
of these developed febiile leactions (tabetic neiiiosyplulis, 38 1° C , paretic 
neiii osyphilis, 39° C , gumma of the liver, 40° 0), three did not (piimary 
syphilis, eaily latent syphilis, syphilitic aoitic leguigitation) The tune 
interval between the injection of piocauie penicillin m oil and the height 
of the fever (six to sixteen hoius) was the same as with aqueous pemcilhn 
It can be said, theietore, that Heixheimei leactions of the febrile type oecui 
with this penicillin prepaiation but data as to the incidence aie not available 
m oui mateiial 

In view of current concern ovei the possible occurrence of the Jarisch 
Heixheimei phenomenon in ear diovaseulai syphilis,^®’ it is of interest that 
no clinical evidence of such a reaction was detected in any of twelve patients 
with eithei syphilitic aoitie leguigitation oi aneuiysni, or both Nine of these 
had leceived piior treatment (lecent oi remote) ivith the metal antisyphilitic 
agents, thiee were untreated previously No special precautions weie em 
ployed in this group of patients In the seventj^-foui patients with nemo 
syphilis, of whom the majority had active disease as reflected by the ceiebro 
spinal fluid abnoi mantles, headache after the imtial mjection was lare and 
neither severe noi prolonged 

Piom the standpoint of Heixheimer leactions it would appeal that the 
majority of patients ivith late syphilis can be treated safely on an ambulant 
basis This statement is piedicated on the assumption that a caiefiil and 
complete medical histoiy and physical examination do not reveal evidence 
of such lesions as gumma of the larynx or of the biain where Heivheimer re 
actions of a serious nature might occur In patients with paretic neuro 
syphilis, because of the veiy nature of the disease as well as because of the 
high mcidence of Heixheimei reactions, hospital lathei than ambulant treat 
nient is to be piefeiied Although no convincing evidence of the occurrence 
of this type of reaction has been presented m cardiovascular syptuhs, ^ 
adiTsability of routinely instituting tieatment with pemcillin lemains to e 
determined 

CASE HOLDING 

Of primary importance from the public health standpoint is the numbei 
of patients who fail to complete tieatment admimsteied on an ambula oi^} 
basis Therefore, in the evaluation of schedules for the outpatient tieatnien 
syphilis, the success oi failure of case holding is a paramount concer^ 
Dextei,-“ in reporting the results of semi-intensive aisenotheiapy 
tions of jMaphaisen and one of bismuth per week for ten to fifteen 
the Johns Hopkms Syphilis CImic, recorded a lapse rate of 40 per cent ^ ^ 
(cited by Dexter) using similar schedules have had equally poor succes 
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case lioWing With pemcilliii in pcamit oil and wax, on the other hand, lapses 
appear to ha\e been distmcth less Foi example, Hayman,®’ with schedules 
consisting of daily injections foi six to ten days reported that 87 pei cent 
of 110 patients completed tristraent nithout inteiruption Similarly in 
Chope and Malcolm, s “ series 96 6 pel cent of 137 patients completed a ten 
day penieillm schedule, and I lost ’ lepoited that 98 per cent of 952 patients 
completed ambulatory tieatmcnt with penicillin Mapharsen, and bismuth on 
two schedules one of ten and one of twentj foui days’ duration It is clearly 
apparent that in genera! the shoitei the seliednle the few er the patients who 
will fail to complete treatment A second factor is the untoward reactions 
(or lack of them) resulting fiom the antisj phihtic agent employed Other 
factors which need not be eonsidcied here include patient education, case 
holding personnel, ease holding methods employed, etc 

Schedules used m the present study aie longer in duration than those 
employing peiucilha cited (sei en and one half and ten weeks as compared 
with six to twenty four days) and the percentage of lapsed patients is in 
general sbghtly greater Of the 228 patients sixteen (7 pel cent) are eon 
sidered to have lapsed Six of these lapsed only after they had received more 
than 6 0 million units of penicillin and piobably had adequate treatment 
Other things being equal it w ould appear that ainbiilatoiw regimens employ mg 
penicillin will prove superior to aiscnical bismuth schedules from the stand 
point of case holding 

SUMMIRX IND CONCLUSIONS 

1 Proeame pemcilbn in oil was adnunisteied seimweelvly to 228 patients 
m the ambulatory treatment of syphilis 

2 Two arbitrary schedules of theiapy hate been used 600 000 units be 
mg inyceted rntramuscularly seniiweckly for seten and one half weeks or 
alternatH ely for ten weeks 

3 In respect to toxicity one instance of suspected (but not proved) 
procaine intolerance was obseiicd No etidence of chronic procaino toxicity 
developed 

4 Cutaneous ro'-ctions of the typo attributed to pemoillm occurred m 
five patients (less than 2 5 pei cent) 

5 On. the basis of prelimmaij ctidence this type of repositoiv penicillin 
seems well suited for the ambulant tioatment of syphilis The entena con 
sulered meluded disappearance time of T palhdmn rapidity of healing of le 
sioiis and serologic trend in eaih syphilis and t)ie response of the abnormal 
dies of the eeicbrospmal fluid m late neurosj philis Tinal eyaluatiou of the 
schedules employed in the present study must await widei application and 
more prolonged observation 

6 No serious reactions of the Jansch Ilerxheimer type occurred 

7 From tho standpoint of case holding 93 per cent of 228 patients com 
pitted treytment 7 per cent lapsed In this respect the ambulant tieatmcnt of 
syphilis yvith pemoillm appeni-s to be more successful than yvith arseiiicil 
bismuth regimens of companble duration 
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A lthough the intihist')imme drug!, eviiiently available aie Aaluable 
agents foi piodiicmg svmpfoiiiatie relief in the management of alieigie 
diseases the lesults attained have not measuied up to the caihei enthusi 
aatic chiueal claims foi these sul stances Then defieieiicies include failure to 
pioduce lelief of sufficient degiee and dmation failnie to benefit eeitam tjpes 
of alleigie nianifestationij failuie to leheve sevexe alleigie sjmptoma and the 
oecuirenee of eeitain to\ic side leaetioiis Foi these leasons new compounds 
of the ethylencdniiiine sents continue to be synthesized for cvpeiimcntal ns 
snj in lahoratoiy annuals and clinical tiial in human alleigj 

We have hecn studying seveia! of these iicn substances during the past 
yeai One of them is N N dimethj 1 N 2 thiazolyl N p niethoxybenzyl eth 
V ienediammo hvdrochloiide (HUB) * It was found to be a good drug foi 
olinieal use eomi imiig effectiveness with a low incidence of undesiiablo toxic 
sj mptoms 
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HCl 


Laboiatoi} studies by Kilfjes Sondem and Nearjt ha've sho\\ii that com 
poniid 194-B has potent antihistaimnic inojKitios and lo\/ acute and chionic 
tOMcity AVe employed se\eial piocedmes to deteimine the antihistaminic 
potency of this diiu m guinea pigs Inti apeutoneal injections of 01 pei 
hilogiam protected all animals n»amst lAIf D 100 of histamine {0 4 mg base) 
oiveu mtra% cnousl> The inhalation of a 2 pei cent aeiosol of this compound 
foi fi\e minutes at 5 pounds pressuie lelcascd thiough a DeViIliss xiebuhzoi 
peimitted the annuals to remain ten minutes oi longoi in an aeiosol of his 
tamine obtained fiom a solution of 0 5 pei cubic centimetei without 
shownip, djspnea Ihe same animals when unpiotected would ha\e maikcd 
djspnea lu two minutes oi less Ihe duiation of piotcctioii eonfored the 
aerosol w is about se\ent> fi\e minutes The inti apentoneal injection of 0 
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Rccchetl for publlciUon Vprll 11 1949 
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mg of this compound pei kilogiam was lequiied to give piotection against 
the same histamine aeiosol The duiation of this action was about two and 
one-half houis 

In a gionp of ten guinea pigs which weie actively sensitized with hoise 
seinm, 10 mg pei kilogiam of this compound intiapeiitoneally weie sufficient 
to pi event anaphylactic death fiom an intiacaidial shocking dose In a eon 
tiol senes of unpiotected animals the moitality was 85 pei cent 

'We pieviously had devised a method to assay oi quantitatively titiate 
the ability of an antihistaminic ding to uihibit the local leaction pioduced bj 
histamine on the human skin Essentially the method consists of applyuig 
dilutions of the ding to a senes of seiatehes on the skin, and afteiwaids test 
mg these sites with a dilution of histamine which had pienously been de 
tei mined to give half maximal leaetions Seveial antihistaminic agents can 
be assayed simultaneously on one subject, and twenty to foity subjects aie 
used foi each complete assay Compound lOd-B was shown by tins method to 
be an effective inhibitoi of the histamine fiaie and it compaies favoiably with 
seveial otheis tested 

The clinical lesults obtained in the symptomatic tieatment of vaiious 
alleigic conditions with compound 194-B aie tabulated (Table I) The gioup 
consisted of 249 patients of whom 148 had seasonal hay fevei The dosage in 
most instances was 50 mg , although a numbei used 100 mg when sufficient 
lelief was not obtained with the sniallei dosage and when side effects weie 


Table I Si.mptomatic Relief AVith 194 B 


Total 


249 


ALLERGIC DISEASE 

NUMBER OF : 

PVTIENTS 

s VTISPACTORILY 
HELPED 

Hay fe\er 

148 

94 

Perennial rhinitis 

37 

15 

Asthma 

30 


Cough (allergic) 

12 

3 

Atopic dermatitis 

9 

3 

Urticaria 

9 

3 

Migraine 

3 

1 

Heat urticaria 

1 

0 



not a bai to inei eased dosage The fiequency and legulaiity of 
tion depended upon the chaiactei of the complaint Patients with 
ous symptoms, geneially those cvith chionie peiennial ihmitis, atopic 
tis, chionie uiticaria, and some with hay fevei, took the medication 
times daily, usually aftei meals The otheis, whose symptoms 
acteiized by isolated attaelcs, used one dose, occasionally lepeatnia i 
houis latei if necessaiy Caieful and lepeated obseivations weie 
to be leasonably eeitain that the symptomatic lelief following me lea 
due to the ti eatment , gj. per 

The best lesnlts weie obtained by the hay fevei patients, ot 

cent obtaining satisfactoiy and consistent lelief A smaUei iesult!> 

the patients with peiennial ihuiitis (41 pei cent) was benefite 
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with asthma weie pooi and similai to whit had been oul experience with other 
antihistarainio substances Because of the small number of the other types of 
allergic manifestations it is not desirable to draw couelusions until a larger 
numbei of patients is ti eated 

The side effects fioin compound 194 B weie of the same nature as those 
produced by the older antihistamimc agents In most instances they weie 
mild and only larelj was it neeessaiv to discontinue medication llild seda 
tion was the most common side effect oceumng m forty one patients (16 per 
cent) A few patients complained of nersousness (foul), gastiointestmal 
symptoms (four) and deimatitis (3) 

SOSI3IABY 

The laboratory expeiienee and clinical lesults ptoduced by another re 
cently synthesized antihistamimc agent N N diraethj 1 N 2 thiazolyl N' p metli 
oxybenzyl ethylenedianune hvdiochlonde (194 B) aie reported This com 
pomid was foimd to hate potent antihistamimc and antianaphj lactic prop 
erties as determined bj tarious expenmental methods Its chnical use was 
attended with fat orable sy mptomatic relief m seasonal bay fever, but negli 
glide improvement in asthma Toxic side reactions weie few in incidence and 
mild in degree 



THE APPRAISAL OP ANTICHOLINERGIC ACTIVITY BY PREVENTION 
OF METHilCHOLINE-INDUCED FATAL BRONCHOSPASM 
IN GUINEA PIGS 

Gr\haai Chen, M S , Sc D , M D , and Charles R Ensor, B A , M S 

Detroit, IMich 

P HARMACOLOGICALLY, foui etiological factois aie possible in bionclual 
asthma (A) A local oi systemic meiease of histamine concentiation as m 
aUeigy, (B) hypei activity of the paiasympathetic oi (C) hypoactivity of the 
sj-mpathetie neivoiis system, and (D) toxic agents acting diiectly on the 
bionchial muscle, notablj^ the iiiitants Accoidmgly, antihistammic, anti 
cholineigie, sympathomimetie, and spasmolytic substances have been employed 
successfully foi the lelief ot asthmatic attacks Due to then conunon etfeet of 
lelaxing the bioiielual muscles, all these agents witli diffeient phaimacologie 
actions wiU alleviate spasm somewhat, legaidless of the cause oi causes of 
asthma in question Theiefoie it is unieasonable in lational theiapy to piaise 
one diug oi one type of diug as supeiioi to otheis m the tieatment of bionchial 
asthma in geneial One agent Avill be moie efficacious than otheis foi a par 
tieulai asthmatic condition foi it will specifically antagonize the causative agent 
01 modify a distuibed physiologic function befoie musculai spasm oecuis 

Poi these leasons we have in the past two veais been testing compoimds 
both foi then antihistammic and anticholmeigic piopeities against bionchia 
spasm 111 guinea pigs This ivill assist us moie piecisely to elucidate the 
phaimacodynaniics of bionchial dilating diugs in the management of asthmatic 
conditions In this papei theie will be piesented a testing pioceduie and tie 
anticholmeigic activities of a niimbei of substances as deteimmed by t is 
method 

EXPERIAIENTAL 

The pioceduie of Loeiv, Kaisei, and Mooie, based on piotection against the 
lethal effect of histamine aeiosol in guinea pigs, ivas adapted m oui uor^ 
Avith methachobne Acetylcholine, Avliieh has been employed ivith oi 
piostigmme by pievious mvestigatois,* - ivas found not veiy satisfactoiy a ^ 
cholineigic stimulant foi the bionchial muscles Acetylcholine 
IS not veiy stable, fuitheinioie a high concentiation of it is lequne 
duce fatal bionchospasm m guinea pigs Among the stimulants teste > ^ 
beta-methyleholme chloiide (methachoUne) and caibaniyl choline 
weie found to kill guinea pigs at veiy low concentiations in the niis 
to its pure muscaimic action and close similaiity in othei p aim 
piopeities to acetylehobne, metliacholme ivas used in oui ivoik litem, 

The capacity of the enclosed coiiipai tment foi the animals m ^ 
half a cubic centimetei of metliacholme solution (1 to 200 dilution) is 

From the Research Laboratories Parke Dans S. Companj 
Recened for publication Maj 2 1949 
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into it 111 fifteen to twenty seeomis A total of ten minutes is allowed for the 
'imnials to bieatli the methnehohnc \npoi The anticholineigic agent is in 
jected inti 'iiientoneally fifteen minutes before the test or, ■when gneii orally, 
thiity minutes befoiehand Poi each e-vpeiiment a coutiol is imn on animals 
of the same stock without ineclication 


THE LETHAL EFFECT OF METHACHOUNE AEROSOL IN CUINSA PICS 



Fig 1 

KESULTb WD DIbOUSSlON 

In Pig 1 aie gi\en the dose moitaIit\ cuues wth methacholmc aeiosol in 
pcieentages and in probit units Each point uas obtained with twentj ei^ht 
animals foiu in a group One hundred fift^ eight micrograms of methachohne 
per liter of air (0 5 c c of 1 to 200 solution) which would kill around 98 per cent 
of animals was chosen as a challenging dose foi dttenuiiung the anticholinergic 
effect of a compound In Table I are recorded tlie anticholinergic actmtics 
of \aiioiis compounds some of which possess also antihistaminic or/and spas 
niohtie properties The antihibtaniinic act)\itics of these compounds are gnen 
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in the table foi compaiatne studies The data indicate that atiopine is the 
most effective Avhile aminopli\lhne is the least effective agent foi alleviating 
methacholine-induced bionchospasin m guinea pigs The lesults aie in good 
agieement with obseivations in man tioni vital capacity deteiniinations 


Table I 


Activities of Compounds in Prmenting Fatal Bronchospasm in Gui\u 
Pigs Eecfiving Mfthachoiinl or Histamine Aerosol 


COMPOUND 


Atropine sulfate 
Dibutoline sulfate 
N (/3 dimethylaminoisopropyl) 
phenotliiazine HClf 
2 n props.\ 4, fa diamino s 
triazinet 

Diphenhydramine (Benadrjl) 

Papaverine HCl 

Isonipecaine 

Khellint 

Aminophylline 


ANTIMETHACHOI INE 

PD^ ± S E * 

( MG /kg ) 

ANTIHISTAMINE 

PDo ± SE* 

( VIG /KO ) 

0 059 + 0 005 

15 

0 6 1 0 25 

100 (ineffective ind tovic) 

fa ±16 

0 1 ± 0 06 

15 ±20 

155 ± 35 

25 ± 5 

2 1 ± 0 44 

295 ±57 

25 

64 0 ± 15 

73 + 2 

75 

40 

100 

50 


a\eiage standard error calculated by the method of Miller an 

Chemical Division 


•Intraperltoneal dose 
Tainter * 

tKindly made available to us bv Dr E Jones and Dr C K Banks 
Research Laboratories Parke Davis & Company 


It IS of Intel est to note the lecent publication of Hambouigei an asso 
ciates on the pioteetive action of combinations of dipheiih'^ diamine an amnio 
phylline in guinea pigs leeeiving methacholine aeiosol “ Their deteiniina ion 
foi the individual compounds agiee with ouis m that large doses of the two ai 
lequiied to obtain a 50 pei cent piotection of animals inhaling a let a 
tiation of methacholine aeiosol Evidently then measurements lepiesen p 
cipally the anticholineigie effects of the two substances individiia y 
combinations As fioni the antihistaminic activities an 

of diphenhydi amine and aminophylline and then PD50 antimet ae 
doses® (Table I), it is impiobable that clinicallv the two substances le 
chial asthma chiefly by vii tue of their anticholinergic effect a pa^ ^ ^ 
whose asthmatic condition simulates that following methacholine injee 1 
eithei atiopine 01 epinephiine should be the theiapeutic agent 0 c 
bung about a quick lelief of symptoms 


SUMMAKV , I 

A piocedure is desciibed foi evaluating the anticholineigie 
compound in fatal bionchospasm of guinea pigs induced wit 1 me 

aeiosol ^ gs foi 

Of the compounds studied, the deci easing oidei of potency gpji) 
lows atiopine sulfate, Dibutoline sulfate, n-(^-diniethy anin 
phenothiazine HCl, 2-n-piopoxy-4,6-diamino-s-tiiazine, dipheii yd 
adryl), papaveiine, isonipecaine, khellin, and aminophylline 

REFEBENCES g de 

1 Tiffeneau, E, and Beauv allot, M Etude des propndtds 

aralcojlamines synthdtiques, Compt rend Soc de biol lo ; 
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’ trommel, JI 1, and "S ullette i L action antmcetj lcbolini(|uo ot untihistamiiiniuo 
des ane^the‘5iques locaiix Areli internet Pliariii djnaui 73 355, 1947 

3 Goodman L and Gilman A Ihe Pharmacological Basis of Therapeutics New lorU, 

1941, The lincnullan Company p 3 j3 

4 Miller L C and Tainter il L hstimatiou of the LDm and Its Error bj "Vleaiia of 

Logarithmic Probit Graph Paper Proc Soc E\per Biol L Aled 67 261 204 1944 

5 Curr>, J J, Fuchs T E and I card *4 E Clinical Implications of the Efltct of 

Various Anticholinergic Vgents in Arodifj'iiig the Pulmonarj Response of 
Asthmatic Subjects to Inge ted Mcthacholine, Bull New England "M Center 10 
164, 1943 

1) Huuibourger V E Freese H B A\iiibur\ M M and A[ichiels P AI Protective 
Action of Combinations of Diphcnh^draiuine and Vminophjlhne in Fatal Broncho 
spasm in Guinea Pigs Due to Mcchohl Aerohol, T Pharmacol Exper Tlierap 
94 36^ 371 1948 

7 Segal M S Boake's T F Brcsnick t and LeMtison L Ecaluation of Therapeutic 

Substances Emplo\ed for the Relief of Bronchospasni Bull Now England if 
Center 10 21 1048 

8 Curr\ T T, and I card S L I he Action of Pilocarpine on the Lungs in Normal and 

Vsthmutic Subjects J L*\u A Clin Mld 33 585 94 1948 
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m the table foi compaiative stiidies The data indicate that ati opine is tie 
most eftective while aminophvlliiie is the least effective agent foi allenatinj 
methacholme-induced hionchospasm in guinea pigs The results aie m gd 
agi cement with obseivations in man liom vital eapacitv deteiiiiiiiations’ 


Tvble I Activities of Comioiinds i\ Pruesting Patai Broi^chospassi is Giimi 
Pigs Keceimng Mftiiaciioi ine or Histasiine Aerosol 


COMPOUND 

ASTIMETHACUOLINE 

PDto ± S E * 

(MG /KG ) 

Atropine bulfate 

0 059 ± 0 005 

Dibutoline sulfate 

Ob 1 0 25 

N (/? dimethylaminoisopropyl) 

b ± 1 b 

piienothiazine HClt 


2 n propw 4, 6 dnnnno s 

15 ±20 

triazmet 


Diphenhydrimmo (Benidrjl) 

25 ±5 

Papaverine HCl 

29 5 ±57 

Isonipei nine 

04 0 ±15 

Khellin t 

75 

Aminoplnllinc 

100 


WTiniSTSVISB 
PD„ ± S E * 
(MG /KG) 


15 

100 (ineffective and toj 
0 3 ± 0 06 

155 ± 35 

2 1 ± 0 41 
25 

73 ± 2 
40 

50 

^ •Intriiipntonenl dose aseiage standard error calculated by the method of Mi 

tKindly made asallible to us b> Dr E Jones and Dr C K Banks Chemical 
Research Laboratories Pa ike Das is S. Company 

It IS of Intel est to note the leeeiit publication of Haiiibourger and ^ 
elates on the piotective action of combinations of 
phsllme in guinea pigs leceiving methacholine aeiosol® Then ® 
toi the individual eomponiids agiee with ouis in that laige doses o 
leqmied to obtain a 50 pei cent piotection of animals inhaling a e 
tiation of methacholine aeiosol Evidently then measinements lepr^^^ 
cipally the anticholmeigic effects of the two substances m u' 
eoinbmations As judged fiom the antihistamiinc 
of diphenhydi amine and aniinophylline and then PE^o jgiievebwJ 
doses® (Table I), it is iinpiobable that clinically the two substoices 
chial asthma chiefly by vntiie of then aiiticholniei gic e ec 
whose asthmatic condition simulates that following methaclio^afi^ 
eithei ati opine oi epmephime should be the theiapeutic ao^ 
bring about a quick i elief of symptoms 


SUAIMARV d i 

A pioceduie is desciibed tor evaluating the iiietliddo**”' 

compound iii fatal hionchospasm ot guinea pigs induced w 


aeiosol -Mil!’'’* 


fd 


Of the compounds studied, the deci easing oidei ^ jj„„],ioiiOP>^I’^ 
lows atropine suliate, Dibutolnie sulfate, 
pheiiothiazine HCl, 2-n-propoxy-i,6 diainmo-s-tnaziue dipne 
adiyl), papaveiine, isompecaine, khellin, and aminophylhne 

REFERENCES Lodilata''’'^^" 

1 Tiffeneau E , and Beauvallet, M Etude des propri5t& 
aralcoylamines synth4tiques, Compt rend Soc de bio 
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FURTHEE STUDIES ON ENHANCEMENT OF HETEROPHILE 
AGGLUTINATION TITERS BY MEANS OF SERUM DILUENT 

Albert Milzer, Ph D , and Shirley Nathan, B S 
Chicago, III 

R ecently we lepoited that heteiophile and vaiious bacteiial agglutination 
titeis weie significantly enhanced by the use of seiuin diluent instead of 
saline This papei is a fuithei lepoit on the enhancement of heteropliile 
agglutination titeis by use of seium and othei diluents in place of plijsiologic 
saline Routine heteiophile agglutination tests weie done, as pievioush, com 
paling saline and pooled hunian sennn diluents Titiations using human ascitic 
fluid,'' hoise seium,-' liovine seiuni,^ 20 pei cent bovine albumin, 20 pei cent 
hunian albumin, and 10 pei cent gamma globulin diluents weie also earned out 


METHODS 

The technique of Paul and Bunnell2 vas used in heteropliile agglutination tests The 
patient’s seium was first inactivated by heating at 56° C for one half hour Serial two- 
fold dilutions were made of the patient’s serum in saline diluent, and equal parts of 1 P®' 
cent sheep cells in saline were added to each tube The tubes were shaken and men a e 
at 37° C for two hours Next they were removed and kept oiernight in the icebox at o 
The titer was read as the highest dilution showing distinct visible clumps of erythroo) » 

Tests using ascitic fluid, horse serum, bovine serum, 20 per cent bovine libumin, 
per cent human albumin, and 10 per cent human gamma globulin were carried 
identical manner except that these various diluents were used in place of saline ^ 
serum, horse serum, and bovine seium diluents wefe inactivated by heating at 
one half hour, and all diluents were tested for the presence of heteropliile antibo 
to use If present, heteropliile agglutinins vore removed by repeated absorption wi 
cells Often, heterophile agglutinins vere detected in pooled human serum 
serum prior to absorption uitli sheep cells A diluent and saline corpuscle 
were included in each test The Daiidsohn guinea pig kidney absorption ^test for 
niononucleosiso was carried out in a similar manner with the patient s serum 
Mith 20 per cent guinea pig kidney suspension one hour at room temperature 
titration 


RESULTS ^ 

Heterophile agglutination titiations compaiing saline, ascitic 
seium, bovine seium, 20 pei cent bovme albumin, 20 pei cent jud 

and 10 pel cent human gamma globulin diluents in individuals wit uc 

negative clinical and hematologict findings ioi infectious mononiw ® jg 
summaiized in Table I Sheep eiythiocytes suspended m 
the tubes contaming the vaiious diluents It was noted that the c jhaii 

cells in the vaiious seium diluents weie moie easily dispeised on sia 


in saline 


From the Department of Bacteriolotry and V'^iroIog> 
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Supported m part bv the Michael Reese Research FoimJation 

Recened for publication April 7 1949 , liorse «eruiii a 

»W'^e are indebted to Difco Laboratories for providing ascitic flui ^ 
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tVV'^e are indebted to Dr Karl Singer of the Heniatologj Departinen 
Hospital for hematologic studies 
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FUETHER STUDIES ON ENHANCEMENT OP HETEROPHILE 
AGGLUTINATION TITERS BY MEANS OP SERUM DILUENT 

Albert NIilzer, Ph D , and Shirley Natu.in, B S 
Chicago, III 

R ecently -we lepoited that lieteioplnle and vaiious bacteiial ai'glutination 
titeis weie significantly enhanced by the use of seiuni diluent instead of 
saline^ This papei is a fuithei lepoit on the enhancement of heteiophile 
agglutination titeis by use of seiuin and othei diluents in place of plijsiologic 
&riine Routine heteiophile agglutination tests weie done, as pieviousl}, com 
paling saline and pooled human seium diluents Titiations usuig human aseitic 
fluid,- hoisc seium," bovine seium,’" 20 pei cent bovine albumin, 20 pei eeii 
human albumin, and 10 pei cent gamma globulin diluents weie also earned ou 


JIETHODS 


The technique of Paul and Bunnell^ was used in lieterophile agglutination 
liatient’s seium was first inaeti\ated bj heating at 56“ C for one half our 
fold dilutions weic made of the patient’s serum in saline diluent, and equa par 
cent sheep cells in saliuo were added to each tube The tubes r\ere s la ea a 
C tor two hours Ne\t tliej were removed and kept overnight in t e 
.iier was read as the highest dilution shoeing distinct visible clumps pbujuD, “O 
Tests using ascitic fluid, horse scrum, bovine serum, 20 per cent jj, jj 

per cent human albumin, and 10 per cent human gamma globulin were car junjaii 
identical manner except that these various diluents were used in place ° g fot 

strum, hoise serum, and bovine seium diluents wefo inactivated bv prior 

one half hour, and all diluents were tested for the presence of ^ith «!itep 

TO use If present, heterophile agglutinins were removed by repeated a 
tells Often, heterophile agglutinins were detected in pooled human jQ^trol 1“''^ 
serum prior to absorption with sheep cells A diluent and saline infedio'i- 

were included lu each test The Davidsohn guinea pig kidney absorption ggrum al)=or'’'-^ 
mononueleosiss was carried out in a similar manner with the pa i narature pt"*' 
with 20 per cent guinea pug kidnej suspension one hour at room 
titration 

RESULTS ^ 

Heterophile agglutination titiations compaiing saline, albuiui*' 

seium, bovine serum, 20 pei cent bovine albumin, 20 pei ceii 
and 10 pel cent human gamma globulin diluents in iiidividiia s ai** 

negative clinical and hematologict hndings ioi 
summaiized in Table I Sheep eiythiocytes suspended m 


it o7 
The titer 


saline i\eie a 


of sheen 


the tubes containing the vaiious diluents It was noted that e , i jag thau 


”” ed ou 

cells m the vaiious seium diluents weie moie easily dispeis 

instlW*^ 


in saline 
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LABORATORY METHODS 


A C03UAUIIS0N OP EOblN ACETONE AND PHLOXINE PROPYLENE 
GL\ COE DILUENTb IN EOSINOPHIL COUNTS 

C VPIAIN PhILII H HhNSEMW AI C • HiLPV 'WfVLhR A B I.NU 
AIu!\ II Wpsteshueb 
W VSHINGTON D 0 

T he potential ^alue of diiect ohambei counts of ciicuHtiiit, eosinophils 
as an adjunct in studies of adicml attnity has been demonstiated by 
Thoiii' Randolph esamincd pieMous methods foi diiect eosinophil counts 
111 1944 and e\peiiniented uith seicial fbluents including certain ones uith 
a piopylene gljcol base Ht concluded that diluents consisting of eosin, 
acetone and watei weie utts itisf ictoij heeausc of lysis of leucocytes in these 
fluids The piesent study uas designed to tialuate tiio diluents foi eosinophil 
counts 

The diluent used b\ Thom' ind a modification of Randolph’s eosinophil 
diluent iieie piepaicd as follows 

EOSIN ICETOVE DILL'LST 1 IIIXIUNE mOl 1 LESS G1 ICOL DILUENT 

Vqucoua cosiii 2 per ccut .^0 ei Pliloxinc 0 05 Gm 

\cetono 5 0 c<* Prop;>]eno gl>col 50 0 cc 

Distilled \\dter 00 0 c c Distilled Avater 50 0 cc 

METHODS 

Fieshlj tliawn venous l)loocl ■was placed in bottles containing sufficient 
oxalate to pre\ent clotting TwenU four white cell pipettes weie filled at 
once with blood to the 10 mark Tweixe of these pipettes weie filled to the 
11 mark with the eosin acetone diluent and twelve with the phloxinc prop-\lcne 
felycol diluent Aftei three eighteen and sex enty eight minutes respectnelj, 
four pipettes contammg the eosin acetone diluent and foui containing the 
phloxine propylene gljcol diluent weic placed m a mechanical shakei foi two 
minutes and the eosinophils pioniptly counted Thus the effect of continued 
contact of the blood with each diluent for fixe twenty, and eiohtx minutes 
uas obseived Identical studies xxeic perfoimed aftei the same oxalatcd 
blood had aged txvo and foui hours The oxalated blood was mixed thor 
oughly l)j gentle agitation befoie snnpling Poth sides of a standard Spencti 
Ilright Line counting chambei xveie filled from each pipette and all the 
eosinophils xvitiun the lulcd aieas counted Thus 18/10 culnc millimeteis of 
blood d iluted 1 10 weie examined 

c I, tho Basic Science Deparlmcnt, Xrm> Medical Department Research anl Graduate 

ocnooi Vmi> ^icdical Center 

Hecol\ed for publication Xprll 0 1019 
Present address Peter Bent Brfgli im Hospital Boston lla s 
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Since the phloxme-pi opylene glycol diluent lequiied fifteen muiutes foi 
complete staining of the eosinophils, the blood counting ehaiiiheis weie filled 
at the five-niinute peiiods as with the eosm-acetone method, but the actual 
counting was delayed until fifteen minutes of staining time had elapsed 

RESULTS 

The calculated eosinophil counts peifoimed with the two diluents aie 
listed 111 Table I and diagi ammed in Figs 1 and 2 

Table I 


EOSINOPHIL COUNTS WITH EOSIN ACETONE DILUENT 


TIME AFTER DILU 

TIOV OF BLOOD 

5 MIN 

20 MIN 

80 MIN 

AGE OF BLOOD 

1 0 HR 

2 HR 

4 HR 

0 HR 

2 HR 

4 HR 

0 HR 

1 2 HP 

1 4 HR 

Sample 1 

161 

161 

222 

66 

33 

44 

44 



Sample 2 

216 

127 


88 

38 

11 

22 



Sample 3 

177 

138 


50 

50 

38 

lx 

11 


S imple 4 

156 

172 


44 

27 

16 

27 

11 

■9 

Mean 

178 

150 



37 

27 

26 




EOSINOPHIL COUNTS WITH PHLOMNE I ROPl LENE GLYCOL DILUENT 


TIME AFTER DILU 

TIOX OF BLOOD 

5 MIN 

20 MIN 

80 MIN 

AGE OF BLOOD 

0 HR 

2 HR 

4 HR 

0 HR 

2 HR 

4 HR 

0 HR 

2 HR 

4 HR 

Sample 1 


244 

160 

138 

216 

144 

227 

172 

260 

Sample 2 

222 

172 


194 

183 

211 

211 

177 

272 

Sample 3 

189 

255 

160 

194 

260 

133 

177 

HIM 

244 

Simple 4 

150 

210 

238 

166 

238 


244 

101 

144 

Mean 

186 

222 

193 

173 

220 

173 

215 

179 



The eosin-aeetone (b uted blood showed a sinking deciease ui cell count 
ivith lapse of time aftei dilution of the blood Using this diluent theie was 
also a maiked deciease in cell count with iiici easing age of the oxalated bloo 
The phloxine-pi opylene glycol method showed no significant change in count 
with lapse of time aftei dilution of the blood noi with aging of the oxalatec 
blood 

The deci ease in count with lapse of time aftei dilution of the blood ivith 
the eosin-acetone fluid was highly significant statistically (p < 0 001) as t e 
tei mined by analysis of vaiiance The analysis fiiithei levealed that t^e 
natiiie of this deciease was complex The deciease in eosinophil 
tamed with the aged blood was also highly significant (p < 0 01) ^^e le 

tionship of count to age of blood was cuivilineai These lesiilts suggest w 
multiple faetois aie iiivoh ed in these cleci eases 

Similai analysis of the values obtamed ivith the phloxnie-piopyl^e 
diluent levealed no significant change with time oi age of blood en 
the phloxme-pi opylene glycol counts iveie pooled, pioviding a mean co 
199 eosinophils pei cubic millimetei of blood ivith a standaid deviation o^ 
cells 01 18 pel cent This emphasizes the huge inheieiit eiioi ni this }I 
deteimination 
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SiiiLe Eindolph^ obsoi\ed the lysis of leucocjtes iii squeous acetone 
diluents, the follouing additional study was iiiideitakeii in tins laboiatoiy 
Blood was diluted with the eosiii acetone fluid and placed in a counting 
chsiiibei with s thin co\ei slip and sealed with petioleuiii jelly Theie was no 
change m the eosinophil count oiei a peiiod of thiee horns Howeiei im 
mediate examination of the cells iindei high iiiagnificatioii leaealed the forma 



Fiff ] — riiculathig eosinophil counts perfornied at three time Intervals showing clinnge In 
counts wUii pas^igc of time and aging of oxalateJ blood 



Pig ‘’—Circulating eosinophil count performed at three time internals after dilution showing 
lack of significant change in counts with passage of time and aging of oxnlated blood 

tiou of hlehs on the limiting meiiihiaiie of the eosinophils followed by rupture 
of the cells If the piepaiation avis not agitated, the iiidiaidual ag^iegates 
of eosinophilic gianules could still be counted as eosinophils even though the 
cell memhi anes weie disiupted If the pipette coiitaiiiiiig blood and the eosiii 
acetone diluent w as agitated aftei allowaiio sei eral minutes foi Ij sis of cells 
the ,„iniiulcs weie scatteicd and thtic was an appaieiit decrease in eosinophil 
count 
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Since the phloxine-pi opylene glycol diluent lequiied fifteen minutes foi 
complete staining of the eosinophils, the blood counting chambeis weie filled 
at the five-niinute peiiods as with the eosm-acetone method, but the actual 
counting was delayed until fifteen minutes of staining time had elapsed 

RESULTS 

The calculated eosinophil counts peifoimed with the two diluents aie 
listed in Table I and diagiammed in Figs 1 and 2 

Table I 


EOSINOPHIL COUNTS WITH EOSIN ACETONE DILUENT 


TIME AFTER DILU 

TION OP BI OOD 

5 MIN 

20 MIN 

80 MIN 

AGE OF BLOOD 

1 0 HR 

2 HP 

4 HR 

0 HR 

2 HR 

4 HR 

0 HP 

1 2 HR 

4 JIB 

Sample 1 

161 

161 

222 

66 

33 

44 

44 

■a 

16 

Sample 2 

216 

127 

200 

88 

38 

11 

22 



Sample 3 

177 

138 

177 

50 

50 

38 

11 


0 

Sample 4 

156 

172 

150 

44 


16 

27 


5 

Mean 

178 

150 

187 

62 

BH 

27 

26 


11 


EOSINOPHIL COUNTS WITH PHLOXINE PROPYLENE GLY COL DILUENT 


TIME AFTER DILU 

TION OP BLOOD 

0 MIM 

20 MIN 

80 MIN _ 

AGE OP BLOOD 

0 HR 

2 HR 

4 HR 

0 HR 

2 HR 

4 HR 

0 HR 



Sample 1 

177 

244 

166 

138 

216 

144 

227 



Sample 2 

222 

172 

200 

194 

183 

211 

211 

Bufl 

KiM 

Sample 3 

189 

255 

166 

194 

266 

133 

177 



S imple 4 

156 

216 

238 

166 

238 

205 

244 


Mean 

186 

222 

193 

173 

226 

173 

215 

ivy 



The eosin-acetoiie cb uted blood showed a stiiking deciease m cell coun 
with lapse of time aftei dilution of the blood Using this diluent theie "‘J 
also a maiked deciease in cell count with iiici easing age of the oxalatec 
The phloxiiie-pi opylene glycol method shoived no significant change m coi 
Yvith lapse of time aftei dilution of the blood noi with aging of the o\a a 
blood 

The deciease in count with lapse of time aftei dilution of the blood 
the eosiii acetone fluid was highly sigiiiflcant statistically (p < 0^ 
tei mined by analysis of vaiiance The analysis fiiithei levealed t a 
natuie of this deciease was complex The deciease in eosinophil 
tamed with the aged blood was also highly significant (p < 0 ^1) 
tionship of count to age of blood ivas cm viliiieai These lesiilts sugge 

multiple factois aie immlved iii these deci eases „Ijcol 

Similai analysis of the values obtained ivith the phloxine all 

diluent levealed no significant change with time oi age of blooc 
the phloxine-pi opylene glycol counts iveie pooled, piovidm “i%Tvwtion of 3(1 
199 eosinophils pei cubic niillmietei of blood ivitli a standaic c tip® 
cells 01 18 pel cent This emphasizes the laige inheient eiioi m 
deteimmation 
























A SIMPLE METHOD FOR ASEPTIC GRINDING OP SILVLL 
AJIOUNTS OP TISSUE 

F J 3lDBItA\, Ph D 
CiNCiNNATr Ohio 

D uring the course of loutine passages of mouse encephalitis Miuses it 
pas necessaiy to guild mdmdual biains The usual method foi such 
gimdiiig imohes the use of a small pestle and moitar, preiiously p rapped in 
papei and steiilizcd Where many pestles and moitais aie lequired a eon 
siderahle saving of space mas be effected by use of the method here described 
Piohahly the greatest disadsantages of using pestle and iiioitai aie the pos 
sibilities of contamination of the inateiial being gioiind and the possibility 
of mfeetion of the person doing the grinding 



Fig 1 — Assembl> for erlndlng tlsauea 


The method employed by me calls foi 6 in Pyiev test tulies -with 10 in 
glass lods fitted in the tubes thiou„h the ceiiteis of the cotton stoppei*s The 
tube lod assemblies aie sterilized in the autoclave and diied in the o\en 
Sterile alundiim or othei suitable gi Hiding inateiial maj he added at the time 
the mouse hi am is placed in the tube oi it ma> be added hefoiehaiid and 
sterilized with the assembly 

From the Bacterioloff> Department Research Laboratories the Wm S Merrell Compan> 
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■When the biam and diluent have been added, the tube is held looselj 
in the iialm of the left hand, ivith the thumb sti etched acioss the bottom of 
the tube (Fig 1) The poition of the rod showing above the cotton plug is 
giasped by the light hand and is made to peifoim a gentle whipping motion 
The angle of the tube, position of the hands, etc , may be vaiied to the comfoit 
of the individual employing the technique 

Obviously this technique is not limited to the giinding of biains, but may 
be used for lungs and othei animal tissues 



PRESERVATION OP VIRUSES IN A MECHANICAL 
REFRIGERATOR AT -25° C 

Peter K Olitskt MD Jordi Cvsvls, MD , Duird L Walker, M D ,* 
Harold S Ginsberg, M D and Prank L Horsfall, Jr , M D 
New \ork, N Y 

A S A routine, manj laboratoij woikers who cniploj \iiuses m im estigations 
or m diagnostic procedures store infectious niateiial in the fiozen state at 
about -70“ C in cabinets* that aie lefiigerated with solid carbon dioxide A1 
though this waj of preseivation is useful and effective, it has some disadvan 
ta^es Of these, the most unpoitaiit arc (1) the necessitj for a continuous 
supply of solid CO , (2) the high annual cost of solid CO 2 , and (3) the acidity 
caused by the diffusion of CO, into specimens In many geographical areas a 
legulai supply of solid CO, cannot be obtauied In areas where the refrigerant 
13 readilj available, the cost of eonstantlj niauitainmg low temperatures with 
solid CO, IS considerable even when efficient cabinets are employed (the outlay 
niaj run to $100 to $200 per cubic foot of storage space per jear) Although 
diffusion of CO, into specmiens can be prevented b> the use of sealed hard glass 
contamers this procedure is cumbersome and iiieonv enient 

Subfreezing temperatures now can be maintained with a number of com 
mercially available mechanical refrigerators Certain eleetiicallj operated ones 
maintain temperatures in the range attained vv ith cabinets cooled with soUd CO 
but their mitral cost is high and their storage capacity not large Other less 
costly refrigerator's can maintain temperatures in the range of -20 to -30° C 
and of these many prov ide large storage space 

The preservation of viruses for prolonged periods at -70° C has been 
studied in a number of instances' “ and it is now vv ell known that most viruses 
retain lufectivity for long intervals when properly stored at thrs temperature 
However relatively little is known as to the stability of viruses at -20 to -30° C 
Melnick* found that T SK and Ph poliomyelitis viruses as well as the TO Theiler 
virus retained then original titers when stored for twelve months at -20° C 
Under the same conditions the titer of Japanese B v irus decreased by one thou 
sand fold or more 

In the present investigation infcctivity titrations were carried out with 
a number of different viruses which were stored in an electrically operated 
meclianical refrigerator foi penods up to twelve months at temperatures ranging 
from -20 to -30° C The results mdicatc that all of the viruses studied can be 
stoied luider these conditions for at least three months without causing any 
stnking reduction in infectivitv With most of the neurotropie viruses full 
mfectivity was maintained for nine months With the influenza mumps group 
of viruses mfectivity was much diminished although still present alter twelve 

sear Laboratories and the Hospital of The Rockefeller Institute fer 'Medical Ro 
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months It should be mentioned that dining the study one lefiigeiatoi was 
once accidentally disconnected, and the other twice faded to opeiate pioped} 
Duiing these peiiods the tempeiatuie mci eased sufficiently so that all speeiraciis 
weie thawed foi an interval of less than twenty-foui houis 

EXPERIMENTAL 

The following viiuses weie employed Eastern equine encephalitis (Eoeke 
fellei Institute stiain), Western equine encephalitis (Eockefellei Institute 
stiain), Russian Far East encephalitis (No 1 stiain), Japanese B encephalitis 
(Nakayama stiain), poliomyelitis (Lansing stiain) and poliomyelitis (MBPl 
stiain), influenza A viius (PR8 stiain), influenza B viius (Lee strain), and 
mumps VIIUS (Habel stiain) 

The neurotiopic viiuses weie contained in suspensions of fiesli, infected 
mouse biains or in fiozen suspensions pieviously stoied in a COo cabinet The 
suspensions stoied weie 10"' dilutions of biain in eithei 10 oi 50 pei cent normal 
labbit serum which weie placed eithei in sciew-capped nitiocelhilose tubes oi m 
sealed Pyrex ampules Influenza and mumps viiuses weie contained in allantoic 
fluid obtained from infected chick embryos One poition of each allantoic fluid 
was stoied in the undiluted state, the other after dilution to 10"' ivith normal 
hoise seium The allantoic fluids were all kept in screw-capped nitrocellulose 
tubes 

In eveiy instance a number of specimens of each virus piepaiatioii weie 
quickly fiozen by partial submeision in a mixture of ethyl alcohol and solid CO 
before they weie placed in the lefiigeiatoi at -20 to -30° C At appropriate 
Intel vals one specimen of each fiozen suspension was thawed rapidly in riinnuig 
tap water and an infectivity titration was performed Titrations were came 
out with serial decimal dilutions With the neurotiopic viruses the usual nitia 
cerebral technique in white mice ivas employed, and the LD^p was determine 
In the case of influenza and mumps viiuses the mtra-allantoic technique m c K 
embryos was used, and the EID^o was determined by hemagglutination tests 
with allantoic fluids removed after an appropriate interval 

The refrigerators employed were commercially available models which la^ 
single stage compressor units and were capable of maintaining tempeiatiiics 
-30° C on intermittent operation One refrigerator had a storage capaciti o 
20 cubic feet, the other, 16 . 

The results of the titratrons are presented rn Table I It will be noted t^a^ 
all of the \uiuses which were suspended in 50 or more per cent 
retained infectivity throughout the entire period of observation It wi 
be seen that the Russian Par East encephalitis viius and the ME 
the Lansing strains of poliomyelitis vriuis retained almost then oiigum 
titers foi a period of nine months Melniek'* also showed a similar, le atne s^^^ 
bility for other Lansmg-type viruses The Western equine encephahhs J 
showed onh a slight reduction in titer after nine months of storage ^ 
titer of the Eastern equine encephalitis virus decreased only about 1 a 
over the same period Hoiievei, the Japanese B encephalitis vnus, alt oUn 
infective (le, LD^p 10-®) after nine months, had ,r < 

This latter finding is in good agreement with the results reported by ® “ 
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T\Brt I Effect of Storage \t -20 to -30 C on Infecti\it\ ot Viruses 


VIRUS 

MATERIM USED 

SUSl ENDED 
IN 

ORIGINAL 

TITET 

LD** 

1 TITER AFTER STORAGE 

1 3 MO 

1 6 MO 

1 9 MO 

1 LKw 

Eastern equme 

10 1 m b 1 

50% n rs 

10 9 0 1 

10 7 i 

10 7 2 

10 7 3 

Western equino 

10 1 m b 

50% n r 3 

10 8 3 

10 8 0 

10 7 8 

10 7 8 

Russian Far East 

10 1 m b (fresh) ' 

10% nra 

10 8 8 

10 5 

10 3 0 

_ 

Russian Far East 

10 1 mb (fresh) 

50% nrs 

10 9 * 

10 0 * 

10 9 8 

10 8 6 

Tapaneso B 

10 1 m b (fresh) 

50% nrs 

10 8 

10 7 

10 * 

10 0 

Poliomyelitis 

10 1 ai b 

o0% nrs 

10 2 1 

10 2 1 

10 2 

10 2 2 

Ijansmtr 







Pohomj eliti**, 

10 * HI b (fresh) 

50% nrs 

10 3 2 

10 2 9 

10 3 

10 3 3 

MEFl 









i 

EID^ 

J MO 

1 b MO 

1 tr 





' EIDj* 

Influenza A PR8 

10 1 all fl 

90% lih,< 

10 a 8 

10 8 4 1 

10 5 0 

10 5 0 

Influenza V PE8 

Undil all fl 


10 8 3 

10 7 

10 < 7 

<10 3 0 

Influenza B Lee 

,10 1 all fl 

00% n h s 

10 T 8 

10 7 0 

10 * 3 

10 3 J 

Influenza B Loo 

Undil all fl 

_ 

10 I 8 

10 7 0 

10 3 5 

<10 0 

Mumps 

'lO J nil fl 

90% 11 h s 

10 T 

10 7 0 1 

_ 

10 * 

Mumps 

Undil Jill, fl 

- 

10 «o 

10 T 1 

- 

<10 J 0 


ni b Mouse btaln suspension In normal rabbit serum 
n r 8 Normal rabbit crum m saline solution 
all fl Allantoic fluid 
n he Normal horse serum 

EIDw 60 per cent end point of virus titration In cliiclc embryos 

It tNill be observed that influenza A, influenza B, and mumps mi uses shoued 
onh slightly leduced BID o titers after stoiage foi tlnee months Howetei 
aftei &i\ months of storage the titeis of the influenza viiuses had decicased 
more than 3 log units This was tme even m the case of the suspensions vliicli 
had been picpaied in 90 pei cent noimal hoiso seium After storage for one 
>eai none of the thiee vinises kept in undiluted allantoic fluid showed anv evi 
deuce of infectiMt> and all suspended in horse serum gave titei-s 3 to ■! log 
iimtb lower than the original titora of the suspensions 

DISCUSSION 

It appears evident that a nunibci of ncurotiopic vuuses can be piescived 
by stoiage at -20 to -30® C for periods of at least nine months witliout much 
loss of infcctivit> Japanese B encephalitis virus seems to bo tlie least stable 
of tlio neurotiopic vinises tested it showed a maiked leduction in titei aftei 
vton^jG foi si\ months at this temperature Influenza and mumps viiuses c\ 
hibitcd a stabilitv undei the conditions emj)lo 3 ed which was approximately of 
the same oidei as that of Japanese B virus Their infectivity titei's also weie 
consideiabh i educed following storage foi six inontlis at -25° C 

It should be emphasized that of the viruses emplojed those suspended in 
50 to 90 pci cent normal animal serum retained infectivitj sufficient to permit 
lecoverv easilj aftei stoiage for at least nine months "Moieovu when such con 
centrations of normal seium were used none of the virus suspensions showed 
anv stiikmg leduetion in titei aftei thiec months of stoiage onlj those of 
Bastcni equine and Japanese B encephalitis exhibited a decrease of 1 or moie 
log units It also should be stressed that the results were obtained despite the 
fact that the viruses had been accidentallj thawed once or twice foi an intenal 
of some hours 
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Foi many viius studies a peiiod of stoiage of three months is satisfactoi'} 
In laboiatoiies in which a CO 2 lefiigeiated cabinet is not available, and 111 
aieas 111 which a supply of solid CO_ cannot be obtained, electiieallv opeiated 
inechanical letiigeiatois which maintain a tempeiatuie of -20 to -30° C may 
pi ove useful 

SUMMARY 

Numeious viiuses can be pieserved by stoiage in an electiieally opeiated 
mechanical lefiigeiatoi at -20 to -30° 0 The infectivity titei of a nmnbei ot 
viiuses did not dimmish significantly aftei stoiage foi thiee months In spite 
ot the tact that some showed a maiked 1 eduction in titei attei nine months, none 
became inactivated it stoied 111 the piesence ot an adequate amount ot noimal 
seium 
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A JIACERATOR FOR SMALL SAMPLES OP TISSUE 


J CVMPBELL, Ph D , AND I W F DvMDSON 
Toronto, Canada 

I T IS often necessary to macerate small samples of fresh tissues foi analysis 
befoie e\tiaetioii with sohents Giiiiding in a mortal imohes tiansfei iviih 
an ineiease in the volume of washings and the iisk of small losses The iVaiing 
Blendoi is an excellent instrument foi the maceration of fresh tissues, but 
tiansfei to othei vessels is necessary and is sometimes troublesome when tlie 
samples are small 

"We have devised the highlj efficient maeeratoi, shown in Pig 1, whose 
cutting blades are small enough to be inserted into a large sized test tube 
Samples of tissue are macerated in the extraction vessel, thus obviating a transfer 
and increasing speed and aceuraej The instrument piocesses oigans and tissue 
samples of 2 to 25 giams and, if suitably modified, much laigei samples could 
be flnelj macerated 

The geai housing (A) is made fiom % m biass stock bent to 

foim a rectangle with inside dimensions V/> in bj 2t4 m Cover plates of 
coppei sheeting are made to match the open sides Lubricating giease covers 
the inside of the housing The mounting bar (B) is of % in diameter brass 
rod 7 in long tapped into an end of tbe housmg Shaft (C) for the driving 
gear is coupled to an electric motor by a sboit length of pressure tubing A 
Ceiico vaiiable speed stiiiei (80 to 1 300 i p m ) is suitable foi the purpose at 
the upper speed range 

The driving gear actuates gears Z>, and B, counterrotating the % in 
diametei bv SVl in stainless steel spindles centered % in apart There is a 
step up from the diiviiig to the diiveii geais of 3 to 1 the speed of the two 
spindles being equal The cutter spindles are supported bj a bearing (E), 
which Ls t/. 111 above the cuttei blades and is mounted on a stainless steel lod 
suppoit (P) 111 diametei and 4'/, in lou„ tapped into tbe bottom of the 

housiii„ The cutters, 6, and G, 37 mm bj 11 5 mm , are formed from 24 
gauge stainless steel in a modified “S’ shape with cutting edges A eiiived 
plate (//) iiiountcd on Ys in diameter rod is supported from the stand bj a 
clamp and serves as a guide foi a test tube 

The cutting blades mesh when lotatcd giving fine nnceiatioii The teiidencv 
to voitcx foiniation bv one blade is nullified bj the counter rotation of the othei 
so that fluid does not mount the sides of the vessel The long length of the blades 
helps to pieveiit the tiappiiig of tissue above the cutters 

The mstiunient is simple to opeiatc In this laboritory it is used to maceiate 
rat liveis for the determination of total lipids A 2S mm bv 150 inm Pvre\ 
test tube containing a livei (appioximatelv 8 to 10 giams) with sufficient acetone 

From the Depirtmcnt of Phj lolog> UnUersit) of Toronto 
Rccoh d for publication lla> 1 1349 

1027 



1028 


CAMPBELL VNO D VVIDSON 


to co^el the oigan is placed so that the cutting blades aie mseited to about 1 m 
above the solvent and the test tube is held against its guide The motoi is tinned 
on and the vessel is slowly raised against the guide until the cutteis enter the 
sohent and end neai the bottom of the tube Maceiation is complete within one 



Pig 1 

muiute The tube is paitially withdiawn, the motoi immediately switched oil, 
and the cuttei’s aie quickly washed with a stieam of acetone flora a wash bott e 
Attei lemoial oi the supernatant fluid the livei may be le-extiacted duect ' 
in the tube by fiesh solvents 

With the mstiument shown, the inaceiatiiig cutteis can be mseited mto ^ 
vessel as small as 23 mm in diametei, but it is obvious that the sue and foun 
ot the cutteis mav be modified to suit many types of vessels and tissues oi 
mateiials lequiimg maceiation 

We wish to acknowledge the assistance of Mr J D Brown, Jfi B B Jolin‘’On, 

Ml J H Rojce in the development of the instrument 







THE EEFECT OP RIGID bODIUM RESTRICTION IN PATIENTS WITH 
CIRRHOSIS 01 THE LIVER AND ASCITES 


W J Eisevsienoek JI D EH Vhrens, Jn 51 D , S H Blondheim, 51 D , 
\ND Hfmr\ G ICunkel 51 D 
New Tore N Y 

L OW salt diets ha\e been used for many jeais in the treatment of edema 
J and aseites in patients with eiiihosis of the Ii\er Enthusiastic reports 
appealed in the Fiench liteiatuie as eaily as 1001 claiming actual termination 
of aseites formation fioiii the use of a low salt diet * ' ’ In recent years, how 
ever, emphasis on high protein high caloric diets in treatment of cirihosis 
has led many physicians anna fiom the use of Ion salt regimens since it has 
seemed difScult to devisi a palatable low salt diet which is adequate in protein 
5Iodcrate restiietion of salt has continued to be common piactiee in the treat 
iiieiit of ascites but results haie not been stiiknig 

Recently numerous icpoi Is ha\e appeared dealing with the role of sodium 
111 the formation of ascites and edema in caidiac disease * ‘ ' Sodium and 
ivater retention by the kidiiea has been claimed as a factoi in the production 
of aseites in eiiihosis as well as in congestive heart failure by Parnswoith' 
Layne and Sehenim^ ® hare applied this principle to the management of eardiae 
and eirihotio aseites bj means of low salt diets Chalmers and Davidson® have 
shoun in a preliminaiy study of sodium balance in cirihosis that salt plays 
an impoitant role in fluid letention Recently the work of AVhipple and eo 
workeis'® on dogs rendered aseitie bt constriction of the inferior vena cava 
aboie the liter has demonstrated that ascites of purely mechanical origin 
can be affected markedly by \aiiations in salt intake 

The role of hypoalbuminemia in the formation of aseites in patients with 
luei disease has been lecogiiized by iiuraeious obseiveis*' ’ Ralli and co 
workeis'® hate obtained etidencc that iiicieased evcietion of antidiuietic sub 
stance also plays a lole in ascites foimation Recently, the work of Blake 
niore“ has deraonstiated the impoitaiice of poital hjpeiteiisioii as a third 
factor 111 the foimation of ascites The present repoit repiesents a description 
of the diiect lelationship between the sodium content of the diet and the 
accumulation of ascites ui thirteen patients despite the operation of the other 
thiee factors Detailed studies of clectiolytc bal nice in tliiee of these patients 
w ill be published in a sepai ate communication 

MATERUlS \ND METHODS 

The thirteen patients to bo aiscusscd uero admitted to the Hospital of The Eockefellcr 
Institute at least ten days prior to tho initiation of salt restriction in the diet The diagnosis 
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of cirrhosis of the liver was established bj characteristic history, numerous phjsical evamina 
tions, X rij studies of the esophagus and abdomen, and a wide variety of liver function teali 
Ascites had been present for four to forty eight montlis prior to the onset of low salt therapy 
and had necessitated tw o to se\ enty eight paracenteses Fluid continued to accumulate at 
the usual rate at the time of onset of therapy 
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Fig 1 — Case 1 Tlircf paracenteses in the hospital prior to Na restriction to 

cessation of ascites formation on diet of 1 Gm of NaCl l er daj Beiersion rroni a 
positne nitrogen balance 

The etiologj of the cirrhosis was chronic alcoholism with associated 


anee m nme of the thirteen patients None of the patients was suffering from 


records of th° 


acutely decompensated fatty liver at the time of idnnssion 

The diets used were prepared by trained dietitians who kept careful patieiih 

daily intake of jirotem, fat, caibohydi ite, iiid silt An effort was mule to refused 

with an excess of food and calculations were made from the imounts offcrci mtikc 

Protein, salt, and caloric intake were calculated from standard fables The so lu 
was checked by direct analyses In the detailed studies on sodium balance, ir® i ..i^tiil 

of the sodium content of the food, urine, ind feces w is cirried out (.i pcrc ni 

on the basis of measurements of Na ) In the low salt diets, special attemp s 
keep the food palatable Salt free bread, available for purchase, was use protein, 

stitutes were administered Where protein intake tended to be low, or uiuik 

low sodium intake was sought, whole protein supplements were idded to the i gtru® 

as 50 Gm of protein per da) could be provided with these palatable Cliow''' 

albumin was defeimmed b) a modification of the speufic immunologic ni<.in= 

Instead of measuring turbidity, the antigen autibod) precipitate was ' ® ^ ijij digc tu>a 
of the ninhy drill reagent of Moore and Stem i« The Howe method wit J 
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«aa also used for protein determiintion Osmotic pressures were determined by a specially 
constructed Ilepp tjpe osmometer Dt terminations of serum bilirubin, bromsulfalein reten 
tion, tbjnuol turbiditj and total lipids were also earned out in all of tbc patients during the 
period of thernpj The methods eiupIo 3 ed uere identical nith tliose presented in a privious 
study IT Plasma chlorides Mere determined bj the method of Van Sljke'S, plasma volume, by 
the method of Gibson and E\ ms Sodium ivas determined bj means of a Perkin Elmer 
flame photometer utilizing lithium us m internal standard 

RESULTS 

Case 1 — A 52 jear old man with cirrhosis of unknown ctiolo^j beginning si\ montlis 
prior to admission and requiring six piraccntesea Phjsicnl examination showed occasional 
spider angiomata and a small hard h\tr Laboratorj tests indicated an advanced cirrhosis 
The total protein was 5 7 Gm per cent with albumin 19 Gm per cent Bromsulfalein reten 
tiott was 37 per cent lu 45 minutes Beriuu ester ise was 22 units Cephalm flocculation was 
2+ the thymol turbiditj was 10 units and bibnibiii was 1 8 mg per ceut 

On admission the patient continued to accumulate ascites at a regular rate (Fig 1), 
necessitating three paracenteses while on an unlimited NaCl intake This was found by 
analysis to aserage 9 2 Gm N iCl per da> Urinary excretion of NaCl was extremely low, 
aieraging 0 04 Gm per daj while fecal NaCl was 0 3 Gm per daj The patient was in 
negative uitxogeu balance on the ivormal diet This was cHicflj due to tUo loss of ascitic 
mtrogeu through the paracenteses 

Immediately following the initiation of a low salt diet winch on analjsis was found to 
contain between 0 8 and 1 2 Gm IsaCl per da>, the ascites formation ceased and the patient 
reverted to positive nitrogen balance as indicated m Fig 1 The urinary output approximately 
doubled and botli tho urinary and fecal NaCl concentrations fell The erum and ascitic fluid 
Na levels showed a fall of approximately 3 nieq per bter After the patient remained on 
this diet for three months tho urinary NaCl which had remained constant suddenly increased 
and the patient lost considerable ascites Table I illustrates tho sudden rise m tho urinary 
NaCl despite continued NaCl restriction The dietarj intake unproved progressiN el> during 
this time and positive nitrogen balance lucieastd At the present time, six months after the 
initiation of Na restriction the patient is marked!) improved although not entirely recovered 
He now tolerates 4 and 5 Gm NaCl per day without forming ascites because of the increa'sed 
urinary output of Na 

The total protein m the serum and ascitic fluid rose by 2 Qm per cent after five months 
on the diet 


Table I 
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Comment — Rigid NaCl lestiiction caused a cessation of ascites foimatiou, 
positue iiitiogeii baHiice and a iisc m seiuiu and ascitic fluid pioteins 
Uiiiiary NaCl incieased ivitli tlie mobilization of ascitic fluid A flic month 
peiiod of tlienpy was neccssiiy befoie the patient showed signs of lecoieij 

Case 2 — Fig 2 illustrates the course of a 42 jear old woman with a nutrition il cirrhosis 
who had ascites for eight montlis prior to admission She had a total of twenty nine para 
ceuteses m that period, during which time she was at homo on minimal activitj Since an 
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accurate record of these was kept, they are indicated in the weight curve of Fig 2 Her 
diet, poor at the onset of the ascites, was adequate for six months prior to admission The 
skin showed numerous spider angiomata and promment liver palms The liver edge was 
barely palpable at the costal margin An esophagram showed esophageal varices Labora 
tory tests likewise pointed to an advanced cirrhosis Proteins formed by the liver were 
all low, plasma albumin was 2 4 Gm per cent, fibrinogen 225 mg per cent, prothrombin 
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l-Admitted to hospital 

Pig 2— Case 2 Ascites of eight months duration lenulrmg “lirty paracenteses ^ 
mediate control of ascites w ith salt restriction Prompt increase in urinary output aim u 
rise in serum albumin 

38 per cent of normal, and esterase 13 units Gamma globuhn was elevated as 
a zmc turbiditj of 32 units and a tool serum globulin of 3 5 Gm per cent Btotns 
retention was 40 per cent in 45 minutes Ascitic fluid total protein was 1 0 Gm per cen , "i 
albumin 0 7 Gm per cent 

On admission the patient w'as placed on a regular hospital diet and activity eqin^ 
to that at home On this regimen she continued to gam weight and ascites at her 
The urinary output was small FoUonmg a paracentesis which became a 

put on a diet wnth NaCl restricted to 1 6m per day The response was Qi^eo tunes 
complete cessation of ascites accumulation and a rise m urmary output to a n ^ 
the previous output This occurred despite a spontaneous decrease in flmd mta c 
amount of ascites, detectable bj shifting dullness, persisted This effect 
throughout her hospitalization and at home After tiiree months the patien 
tolerate larger amounts of NaCl m her diet without forming ascites She as re 
during the year smce discharge and all ascites has disappeared 

A rise m serum albumm from, a subnormal level of 2 4 Gm per cent to 
of 4 to 4 5 Gm per cent occurred 


h-PiSchorged 
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Clinical]) tlicro Maa markoJ improvement m this patient As soon as she became 
adjusted to tho diet she complained oulj ot the flat ta^^te of food without salt but this did not 
interfere i\ith her eating n perfectly adequate diet The termination of her need for para 
centesea after having had tlurt) uas a strong factor in raising her morale and insuring 
cooperatiom 

Comment — A low salt diet aided in lestoring this patient to a fairly 
normal, active life, aftei having prcMously lequiied almost weekly para 
centeses foi seven mouths The iiiimij output likewise showed an immediate 
mcieasc, while the seiuni allmmm le\tls giadually rose to almost double the 
foimer levels within thiee weeks 
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„ Fie 3 — Case 3 Ascites formation controlled by NaCl restriction at 1 Cm per day 
Keaccuniulatlon of ascites on 1 5 to Gm NaCl per daj Control of ascites again at 1 Gnu 
per day High protein intake (140 Goi per day) despite salt restriction to 1 Gm per day 



Case 3 — Fig 3 illustrates the course of a 54 year old nine drinker uho on admission 
to the hospital was accumulating ascitic fluid at a regular rate. He had been hospitalized 
elsewhere on two occasions Following an unexplained febrile episode he lapsed into hepatic 
coma for four days but gradually recovered Three paracenteses were performed at tho 
other hospital following tho epi<»odo of coma Since weights were available, these are illus 
trated m tho weight curve of Fig 3 On phjsical examination tho patient showed a small, 
hard liver and marked ascites with no edema Following admission to the Rockefeller Hos 
pital ho was kept on a regular diet wath normal sodium intake for three weeks Vscitic 
fluid contmued to accumulate and a fourth paracentesis was pcifonned Following tho 
reduction of tho NaCl content of his diet to 3 Qm per daj there was an immediate slowing 
m tho rate of ascites formation as is readily visible from the weiglit curve of Fig 3 The 
NaCr content was furtlier reduced to approximately 1 Gm per day, and following a fifth 
paracentesis tho patient ceased accumulating ascitic fliud for one month The IsaCl content 
of tho diet was then gradually rai«icd to 2 Gm. per daj Ascitic fluid began to accumulate 
and tho weight curve illustrated in Fig 3 can bo seen to n e with progressive increments 
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of silt intalv .0 ^^hen NaCl ^\is reduced igam to 1 Gm per day, iscitie fluid again cei'ed 
accuraulatmg and the iveight cur\e flattened out By means of protein supplement^, as 
inuili as 140 Gm of protein nere supplied a day during this latter period despite the len 
low NaCl intake 

Improiement on the Ion salt regimen nas veiy striking The discontinuance of 
paracenteses caused the patient to feel better and to eat better and resulted m a rise m the 
albumin concentration in the serum The limitation of salt nas very ncll tolerated After 
three months on the Ion sodium diet, the patient recovered sufficiently to tolerate a normal 
diet at home without ascites 


Comment — The degiee of salt lestriction necessaiy to contiol the ascites 
in this patient was w ell defined at about 1 3 Gm a day Limitation below tins 
let el piompth lesulted in a lavoiable theiapeutic lesponse with contiol of 
ascites and a niaiked inciease in urine volume By the use of piotem and caibo 
hydiate supplements it was possible to laise the patient’s piotem intake to 140 
Gm pel day and his caloiie intake to ovei 3,000 caloiies despite limitation of 
sodium ehloiide to 1 Gm pei dav 

CvSE 4 — Fig 4 illustrates the course of a 60 jear old housewife who developed hepatic 
cirrhosis without knonai cause and had been steadily accumulating ascites for four joar' 
She had had seventy si\ paracenteses prior to admission, with removal of an average of 10 
liters per tap followed by leakage of fluid from the wound for one to two weeks After 
closure of the wound she consistently accumulated approMmately 1 liter of ascitic fluid per 
dav Edema of the legs appeared as the mtra abdominal pressure increased 

In the nine months piior to admission the patient had become progressively weaker She 
had lost considerable body tissue and had had several episodes suggesting minor cere ro 
1 ascular accidents In the course of the four years the patient had been hospitalized or 
all paracenteses, and the main therapeutic efforts were directed toward a highly nutritive le 
with occasional trials of mercurial diuretics 

On admission she appeared chronicallj ill, with marked tissue wasting The 
slightly enlarged and hard Laboratory findings were consistent with an advanced 
with a decrease in the proteins formed by the liver, serum albumin was 2 5 Gni 
prothrombin level 47 per cent of normal, fibrinogen 160 mg per cent, serum esterase -/ u 
Bromsulfalein retention was 23 per cent Ascitic fluid total protem was 11 Gm per i 
with albumin 0 5 Gm per cent j 

On the hospital diet with unrestricted salt the patient continued to gam 
ascites at her usual rate until two paracenteses were performed Just before tlic 
in the hospital, salt in the diet was limited to 1 Gm a day The rate of 
ascites was promptly slowed and eventually leveled off at a point just short o r^^^ 
a paracentesis With the institution of the low salt diet, urine ipj,,, 

the fluid lu''’''- 


minimal (200 to 300 cc a day) except following mercurials approximately 
occurred despite a voluntary reduction in fluid intake Attempts to raise 


were futile, leading to nausea This may have been duo to impaired re tri<- 

sumably on an arteiiosclerotic basis Both prior to and during the period of son 
tion the patient showed a constantly eleyated iionprotein nitrogen, a urea tlearun 
cent, and urine specific grayity fixed at 1 010 The patient’s diet ayeraged 6 
and 2,000 calories daily, with NaCl limited to below 1 Gm a day 

Laboratory tests showed no change with the exception of a moderate ^ thori 

albumin lei els, from 2 5 Gm per cent to 3 7 Gm per cent During the f^’'' 

were but insignificant variations in the hemoglobin lei els Clinically tins A cecoad 

two months but then her dietary intake fell and she was returned to a nornii ^^i^^ 
period on the low Na diet again proved of little permanent value and tlie pa 
months after returning to the normal Na intake 
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Comment — The cliiomciti of tins patients illness Mitli lesiiltaiit debilitj 
and piolonged ascites plus the icnil md ceiebial aitciioscleiotic complicTtions 
provided a difficult test foi this legimen Aftci seicnti eight paiaccnteses the 
rate of aseites formation was piomiith slowed bi salt icstiietioii but tbe dietary 
intake was pool and the patient ei entinlh died 



DISCUSSION 

The results of rigid Na lestnetion baio been described m detail in four 
of the thirteen patients studied The icniaindci of the patients showed siimlar 
results with complete cessation of ascites formation when the NaCl was limited 
to 1 Gm per daj Ilighei intakes caused ascites foiination in diiect pioportioii 
to the NaCl given An aieiagc ciitical level of NaCl intake was obtained foi 
these patients above which ascites formation occurred Tins was 1 2 &m NaCl 
per daj The icason foi this direct iclatioii between NaCl intake and ascites w is 
that the NaCl cvcretion in the uiiiic was evticmelv low rcgirdlcss of how much 
NaCl was fuinished in the diet The uiinaiv NiCi evcretioii in eight of these 
patients on a diet of 7 to 9 Gm NaCl pel dav laiiged fiom 0 02 to 0 13 grams 
Fecal NaCl cscietion was highei averaging 0 35 Gm pci daj With this low 
evcietioii of NaCl it is appaieiit tint the large part of the NaCl intake is used 
to form ascitic fluid Insensible NaCl loss was not measured but could be 
calculated from the NaCl balance data to be approvimately 0 8 Gm per dav 

Evcretion of watei lose in all of tbe patients on the low sodium diet When 
there was no Na supplied in the diet for ascitic fluid accumulation water was 
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excieted piopoitional to tlie intake A high fluid intake had little eftcet m 
alteiing daily sodium excietion 

All but one of the thiiteen patients weie able to toleiate the low Na legimen 
foi at least thiee montlis without ill effects The one exception, Patient 4, 
showed a fall in fluid and caloiic intake on the diet Anothei patient developed 
muscle Clamps aftei being on the diet foi five months These weie lehevedbi 
supplying Na The patient had done well on the diet without foimmg ascites 
pi 101 to the onset of the cramps Serum Na levels veie followed in all of the 
patients A fall in seium Na of appi oximately 3 meq pei litei usually oc 
cuiied One patient who leceived meieuiials m addition to the low Na diet 
showed the gieatest fall, 12 meq pei litei 

Nitiogen balance studies weie cairied out in two of the patients These 
patients weie in negative balance piioi to Na restiiction because of the loss of 
ascitic nitrogen When ascites foimation ceased on the low Na diet, the patients 
level ted to positive nitiogen balance 

All of the patients demonstrated a use in seium proteins on the lowNa diet 
Pig 5 shows a group of determinations on the seium and ascitic fluid of one of 
the patients (Case 1) The use in albumin and m colloid osmotic piessuie vas 
appioximately equal in the two fluid eompaitments, demonstiating the equihb 
iium which exists The total piotein of serum and ascitic fluid lose considei 
ably moie than the albumin Plasma volume determinations showed htto 
change and thus did not account foi the use Some of the othei patients 
demonstiated a 10 pei cent fall in plasma volume accounting for a poition o 
the piotem rise The patients who lesponded best to the diet and gained bo ' 
weight soon aftei tieatnient was staited showed a use in seium albumin t a 
was sometimes gieatei than the total protein use This was due to a fa i>i 
globulins The selective use in albumin was a sign of impiovement in nar 
protein synthesis This did not occui in the chart shown (Fig 5) noi ni nios 
of the othei patients The use in these patients of all the protem components 
appealed to be the result of cessation of protein loss in the ascitic fluid pemu 
ting the proteins to accumulate in the body , 

The use of newly available low Na piotem supplements permiUe 
admmistiation of as much as 150 Gm of piotem pei day on the low i a 
The patients showed considei able individual vai ration m then ability o 
different supplements, but of tliose which iveie used there usually was 
was readily tolerated by each patient Impiovement appeared to e^^ 
rapid when the piotem was kept above 100 grams However, some 
patients responded well at a level of 70 Gm of piotem per day 


The general olmical results of a three-month period on the 
were evaluated bj’- studying the effect of normal Na intake on to 

of the three months Pom patients recovered sufficiently durmg gjgjtci 

enable them to excrete the mci eased Na and they did not to 

These patients gradually absorbed the lemaming ascitic fluid an 
a normal life Eight patients weie still unable to excrete largei a^^^ 

Na and accumulated ascites on the normal diet These pa lei ^ appcjre*! 
giessed during the three months of Na restriction and all o 
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slightlj improved but they had not been cmed Na restnetiou was leinstituted 
in these individuals Three of these have since shoMed increased Na excretion 
representing loss of ascitie fluid aftei mole than six months of theiapj Others 
m the gioup are stiU bemg tieated with combmed albumm, bver extract, and 
low Na therapy One of these patients died of esophageal hemorrhages Patient 
•t who did not tolerate the low Na diet also died 
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5 — Rise In \alues for determinations of rrolelns und colloid osmotic pressure In serum 
and ascitic fluid following Na restriction. 

In all of the patients the diet appeared to be beneficial in stoppuig the 
malignant course of events brought about bv lemoval of piotein thiou^h para 
centeses in the alreadj depleted iiidnidual thus enabhng dietaij therapj 
to become effective The long term clinital icsults aie dilileult to evaluate but 
the fact that ascites formation could be completely contiolled bj rigid Na 
restriction was clearly evident 
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SUMMAKi 

1 The results of rigid NaCl limitation in the diet of thirteen patients with 
cirrhosis of the liver and long standing ascites are piesented 

2 Ascites formation ceased for thiec months m twelve of the thirteen 
patients Urme output mcreased m each case commensurate with decreased 
fluid retention 

3 Pour patients did not icfoim astitcs when a normal NnCl intake was 
tried after three months eight patients did reform ascites 
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4 Seium piotein levels showed a use followuig theiapy Tlus is esplaiiied 
piimaiih on the basis of letention m the seium of piotein winch pienoiisli had 
been lost m the aseitie fluid 

5 A high piotein and high ealoiic diet could be inaiiitained despite iigid 
salt limitation 
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THE HYPERBILIRUBINEMIC ErPECT OP SODIUAI NICOTINATE 

JLu?io Stfpvnini, jNESc , MD • 

Mil\v\ukei:, Wis 

INTRODUCTION 

N ew techniques aie often instiumeutal m permitting important de\elop 
ments in the undeistandmg of biological and clinical problems In 1941, 
Villa^® claimed that tieatnieut \Mth nicotinamide produced a stiiking remission 
of jaundice in different types of hepatic djsfimctiou pio\ided the h\er damage 
had not reached the lr^e^erslble stage Appaiently while investigating the 
mechanism of this therapeutic effect Mattel® observed that the injection of 30 
mg of sodium nicotinafe intiaienousJj m nomjal jndjuduals nas foUoued by 
a sharp iise of the level of indirect icactuig bilirubin in serum This technique 
has pcmitted inteiesting observations on some aspects of the metabolism of 
biliaij pigments m normal and pathologic conditions ® The results obtained 
so fai in moie than tweiitv noimal subjects and seventy eight patients with 
various disordeis of tlie livei will now be icpoited 


THE TECHNIQUE OF THE TEST 

Ten cubic contimctcra of blood aro coUccted from tho patient «bo bas been fasting 
for tho previous tv\elve hours and 30 mg of sodium nicotinate dissolved in 10 cc of saline 
solution are slowlj injected tlirough the same needle Tho injection is followed almost im 
mediately bj a sensation of Hushing and intense beat Temporarj marked vasodilatation is 
also observed particularly in the face and extremities Ten. cubic centimeters of blood are 
again collected 90 210, and 480 minutes after the injection. The e intervals have been 
selected because thej best slion the change* of serum bilirubin level during the test, both 
in normal and pathologic condition* Patients ma> be given a hght meal after the third 
sample of blood has been collected to avoid au c\ce sivcly long period of fasting This 
practice does not influence the result of the test 

The tubes containing the blood aro left in the oven at 37 C for one hour and the 
serum is then separated by centrifugation. To prevent hemolvsis (which represents one of 
the major causes of error m tho determination of tlie bilirubin level) the blood must bo 
obtained with a perfectly dry sjringe and needle t bj a clean venipuncture and without 
foaming Total and direct reactin^ bilirubin are determined m each sample with the method 
of Jendraseik and Grofs and the value of bilirubin of the indirect reacting type is calculated 
bj difference 


RESULTS 


Effect of the Intravenous Injection of Sodium Hicotinate on Bihrubi 
nenua — Pollowing the intiaveuous lujcctioii of sodium uicotinatc lu iioimal 
'subjects the total bilnubm level of seium rises shaiplj reaclies a ina.\imum 
value aftei ninety minutes and then decieascs slowlj, returning to noimal 
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slven In a previous paper 
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figiues within 6i\ to eight horns Oidiiiaiily the use in eueulatiiig biluuki 
IS due to the ‘ indiiett leaeting type” since no biluubin of the duett leading 
t^pe appeals in ciiculation It the biliuibin vaiiations aie iollowed at legular 




h^perbilirubinemic curves obtained in suJl''’''' 

nfcotmate^***^ 'anous liver disorders following the intravenous injection of 30 mg 

1 . ^ J*’® continuous lines represent the level of total serum bilirubin tlie broken one 

level of seium direct reacting bilirubin ) 


intervals and plotted against time, a cnive is obtained vith a shaip, 
cending and a prolonged, slowly descending segment (Fig h 
ateiage uoimal cnive, deined tiom the anal} tie tallies obtained m bun 
noimal subjects ) Seuim cholesteiol and bile salts aie also 
mtiaceiious injection of sodium nieotinate (Table III), but so 
that then \aiiations do not piesent any cleai significance This 
appeals to be specific loi sodium nieotinate Chemicallj iclated sins- 
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Table I Levels op Bilirubin Ciioiestlroi Bile S\its, Chlorides and Uric Acid oi 
Seruai; in a Patient With Cirphosis ot tiii- Liaeii Following the Intpavfnous 
Injection op Sodium Nicotinate (30 mg ) 


TIME AFTER INJECTION | 

1 0 MIN 

1 00 MIN 

1 -10 min 

1 460 MIN 

lotil bilirubm (mg per 100 ml ) 

d 90 

8 U 

OOJ 

5 05 

Direct reacting bilirubm (mg per 100 
ml ) 

0 33 

1 Oo 

1 07 

0 89 

Cholesterol (mg per 100 ml ) 

So 

130 

78 

71 

Bile salts (mg per 100 ml ) t 

0 

20 

S 

0 

Clilorides (Gm per 100 ml ) 

7 37 

6 00 

7 02 

711 

Urie acid (mg per 100 ml ) 

4 SS 

■135 

4 16 

4 21 


♦DeUrnAlned, AvilU the method of Autcnrleth 
tDeternilned Avlth the method of Cottet 


such as nicotinamide and nikethamide and dings shaiing with sodium nicotinatc 
some pharmacologic effects (histamine cpineplirnie and acetjlcholine) eithei 
cause no modification of the seium bilimbin level oi do so to a much le&sei evtent 
than sodium nicotinate (Tabic II) No significant changes of led blood cells 
and reticulocyte count (Table III) oi of the blood le\el of chlondes and uiic 
acid (Table I) follow the mtratenous injection of sodium nicotinate 


Table II ErrEcr on tue Serum Biububin Level of the Parenteral Administration 
TO Normal Subjects of Substsnces Chemicallv or PiLARiiAcoLoaiCALL\ 
Rei«vted to Sodium Nicotinate 


1 



SEPUM bilirubin level (MQ%) 



DOSE AND rOUTB OF 


TIME AFTER 

INJECTION (MIN ) 


SUBSTANCE 

ADMINISTRATION 



90 1 180 1 

210 

Normal control 


0 36 


0 3- 

0 43 

Sodium nicotinato 

30 mg intravenouslj 

0 34 

0 58 

1 Oi 

0 74 

Histamine, h^dro 
cliloride 

1 mg, intramuscular 

1) 

0 50 

0 61 

0o5 0 58 


Epinephrine, hydro 
chloride 

1 mg intramuscular 

0 70 

0 8C 

0 67 0 59 


\cctylcholine, hydro 
chloride 

100 mg intramus 
cularlj 

0 48 

0^3 

0 51 

0 50 

Nikethamide 

850 mg intramus 
cularly 

100 mg, intravo 
nousl> 

0 40 

0 42 

0 40 

0 38 

Nicotinamide 

0 50 


0 01 

0 60 


Table III Total Serum Bilirubin Level Hed Blood Cell and Reticulocvte Cot nt 
IN A Normal Subject Following the Intravenous Injection op 30 mq 
OP Sodium Nicotinate 


TIME AFTER INJECTION ] 

0 MIN 

I 90 MIN 

|ilO MIN 1480 MIN \ 34 HR. ' 

[ 48 HR 

1 7- HR 

I’ot il serum bilirubm 
(mg per 100 ml ) 

0 75 

1 40 

1 Oo 

0 89 

- 

Ked blood cells 
(niilliona) 

4 86 

5 00 

4 60 

4 91 4 87 

4 92 

4 85 

Reticuloc)1es 
(per thousand) 

5 

5 

S 

5 8 

13 

9 


The Gholagogic and GhoJereko Effect of Sodium Nicotinate — When 30 mg 
of sodium nicotinate arc given intravenously to normal subjects in whom a 
Hehfuss tube has been passed previouslj into tiie duodenum a copious flow 
of bile begins about ten minutes aftei the injection I or the fiii>t five minutes 
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the bile collected has the ehaiacteiisties of bile A, then, foi about tuenU 
niiiintes, of bile B, and finally of bile C The total amount of bile mIucIi is 
collected in one hour’s time is 200 to 250 cc, fai gieatei than the amount ob 
tamable thiough oidinan stimulation with the IMeltzei-Lyon technique It 
the seium biliiubm le\el is deteimined simultaneously, it appears to be onb 
minimalh me leased The same low t}q)e of hypeibiliiubinemic ciiive is ob 
tamed when the biliaij flow is stimulated with mtiaduodenal mtioduetioii of 
SlgSO^, thiity to sixty minutes betoie the intravenous in 3 ection of sodium 
mcotmate, and the bile obtained is, at least in pait, extiacted tliiougli the 
Rehfuss tube 

The fill St two findings suggest a direct stimulation of the bile e\cretiiig 
function of the li\ei bv sodium mcotmate This has been, moreovei, pioied 
diiectly fiom the studj of a patient suffering fiom clnonic hepatocholangitis 
in which a suigical biliaiy fistula had been theiapeutically estabhslied This 
case, which ofteied a raie opportunity of following the modifications of the 
biliiubm le\el of bile as eompaied ivith those of seium biliiubm dm mg the 
peifoiraance of the sodium mcotmate test, has been pieseuted m detail else 
wheie' Notwithstanding the piesenee of the fistula, the coneentiation of 
steicobilm (deteimmed m the feces with the method of Watson*®) showed a 
considerable ainomit of biliiubm still flowing into the intestine The injection 
of soduun mcotmate in this patient was followed by a limited use m the serum 
hiliiuhin lei el Its consequent deciease towaid the initial value was aceom 
panied m direct time lelationship by an inciease of biliiubm coneentiation 
m bile 


The Efiect of the Intravenous Injection of Sodium Nicotinate on 
hilvnuna — The cholagogic and clioleietic action of sodium mcotmate P*®'' 
laigei amounts of uiobilmogen foi reabsoiption iiom the intestinal tiact 
effect IS fuithei enhanced by the vasodilatation caused by the substance, 
ticulaily pionoimced m the splanchnic aiea A coriespondmg iis6 m 
amount of mobilm eliminated could, theiefoie, be expected 

Studies on the changes in elimination of mobilm aftei the mtravenous 
jection of sodium mcotmate haie been earned out m twelve noimal 
and m a few patients mth vaiious giades of livei dysfunction U™ ^ ys 
in mine has been deteimmed ivith the oiiginal method of Heilmejei an 


patients piesentmg seiions livei dysfunction 

In patients in "whom diicct leactmg biliiubm appears oi ip 

culation as an effect of the injection of sodium mcotmate, a 
pearance of bibiubm oi rise in its concentration is obseived m tie 
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Table IV Modifi cations of the L.e\el op Total vnd Direct Eeagting Bilirubin oi 
&ERU11 AND OP Urobilin Following thl Intra\enous Injection of 30 mg 

OF SODU il i^lCOTINATE 


time vfteb inji-ction I 

0 MIN 

1 90 MIN 1 

-10 MIN 

1 480 MIN 1 

24 HR. 

(a) Subject , 

& S oge SO normal 



Total bilirubin (mg per 100 ml ) 

0 22 

0 97 

0 68 

0 19 



Direct reacting bihrubin (mg per 100 ml ) 

0 

018 

0 

0 

— 

Urobilm (mg per 100 ml ) 

0 042 

— 

0 526 

0 372 

0 058 

(b) Patient N H age 48 $ suffering from chronic hepatocholangitis 


Total bilirubin (mg per 100 ml ) 

3 46 

6 02 

5 48 

4 89 



Direct reacting bilirubin (mg per 100 ml ) 

1 17 

183 

197 

164 



Urobilm (mg per 100 ml ) 

0 094 

0 465 

1 037 

0 702 

0172 



1 1 ^ — The eftect of the Intra\cnou<» injection of 30 ms of oclmm nlcotinite on the 

te'ei of serum Indirect reacting bilirubin and the level of uroblllnuria In a patient with chronic 
hepatocholangitis 

(The \alues of indirect reacting blllrubm and of urobilin arc exprsesed in milligrams 
per 100 ml of scrum and urine respectl'clj ) 

Uyperiihiuhinemic Curves m Noimal and Pathologic Conditions — As 
desenbed pre\iousIy, tlie iiitiavenous injection of sodium nicotinate m normal 
subjects IS followed bj a rise in the leiel of indirect icactmg bilirubin of serum, 
which returns to normal uithin eight hours 

The liver cell verj probahlj disposes of the sudden load of indirect reacting 
hiliiTihin caused bj the sodium nicotinate lest bj transfoiming it to direct re ' 
actmg biliiubm and ceitainlj eliminates the lattei A cin\e of tlie tjpe sliomi 
in Tif, 1, A IS theiefoie obtained when both bile forming* and bile cxcretmj, 
functions of the liier are noimal The ciiite is usuallj found (a) lu normal 
subjects, (b) in patients w ith modeiatclj abnormal lu er function but no clinical 
jaundice (c) in a few patients presenting mild clinical jaundice and a semm 
bilirubin level sliohtlj highei than noimal Some of the patients of the third 
feioup maj also present a small amount of ciiciilatmt, diiect biliiubin which is 
onlj insioiiifieantlj modified durin„ the course of the test and alwajs retiiins 
to the initial \ alue at the end of the eight hour pci lod Often, at the end of tlie 

To be understood as the capacity probably po38e«»scd b> the Hvcr cell of transforming 
the Indirect to direct reacting bilirubin of elimination and indicated b> the gradual decrease 
of the circulating bilirubin of the Indirect reacting t>pc. 
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the bile collected has the chaiacteiistics of bile A, then, foi about tnenti 
minutes, of bile B, and finally of bile C The total amount of bile wlueli is 
collected in one houi’s time is 200 to 250 ec, fai gieatei than the amount oli- 
tainable thiough oidinary stimulation ivith the Meltzei-Lyon technique If 
the seium biliiubin level is deteimined simultaneously, it appeals to be onli 
minimally incieased The same low tjTpe of hypeibiliiubmemie ciuve is ob 
tamed -uheii the biliaiy fiow is stimulated with intiaduodenal intioductioii ot 
JIgSOi, thiity to si\t> minutes befoie the intiavenous injection of sodium 
nicotinate, and the bile obtained is, at least in pait, extiacted thiough the 
Eehfuss tube 

The fiist two findings suggest a diiect stimulation of the bile excietiiig 
function of the li\ei bv soduun nicotmate This has been, moieovei, pioieJ 
diieetly fiom the study of a patient suffermg fiom chrome hepatocholangitis 
in which a suigical biliaiy fistula had been therapeutically estabhshed This 
case, which ofteied a laie oppoitunity of following the modifications of the 
bilirubin lei el of bile as compared ivith those of seium biliiubm dining the 
peifoimance of the sodium nicotinate test, has been piesented m detail else 
wheie ‘ Notwithstanding the piesence of the fistula, the concentration ot 
steicobilin (determined in the feces with the method of AVatson”) showed a 
consideiable amoimt of biliiubm still floiving into the intestine The injection 
of sodium nicotinate in this patient was followed by a limited use in the seium 
biliiubm level Its consequent decrease toward the initial value ivas accom 
panied m direct time relationship by an increase of biliiubm concentration 
m bile 


The Effect of the Intiavenous Injection of Sodium Nicotinate on ro 
bilinuna — The cholagogie and choleretic action of sodium nicotinate 
larger amounts of urobilinogen for leabsoiption from the intestinal tract * 
effect IS further enhanced by the vasodilatation caused by the substance, par^ 
ticulaily pronounced m the splanchnic area A coi responding use m 
amount of uiobilm eliminated could, theiefoie, be expected 

Studies on the changes m elimination of uiobilm after the 
jection of sodium nicotmate have been earned out in twelve noiiua s 
and m a few patients with various grades of livei dysfunction ^°\]riebs.^ 
m urine has been determined with the original method of Heilmeyei an 
It has been found consistently that, following the intravenous inJ^J 
sodium nicotmate, the iiimaiy concentration of uiobilm uses to 
eight times the original values, reaches a maximum value two to 
after the injection, and tlien slowly returns to the normal leve m 

hours (Fig 2, Table IV) This use m concentration of uiobilm is lo 

poitional to that ot the indirect reacting biliiubm of seium, alt iii 

delayed It is greatly pronormced (ten to fifteen times the ongmi* 
patients pieseiitmg serious liver dysfunction g,r 

In patients in ■whom direct reacting biliiubm appears oi ^jarv ap 

culation as an effect of the injection of sodium nicotmate, a 
pearance of bilirubm or use m its concentration is obseiicc m 
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No tissue deposits of bile pi„inciits ne loiouii to exist, at least in iioiiiial con 
ditioiis,' uoi IS tile injection of sodium nieotmate followed be elnnges in lee el 
of blood cliloiides and iiiic acid (substances eelueh are easily mobilized fioin 
tissues) Aiiotliei possibilitj iiamcle that the hepeibiliiubiiieiiiia niaj be due 
to au exaggeiation of iioinial blood destiuction, has no clear out expel iiuental 
eeidence ui its faeoi No changes of led blood cell and leticulocjte count folloee 
the intravenous injection of sodium nicotiuate although these changes miolit 
be very small yet significant (moic impoitaiit thej could be masked bj eaiia 
tioiis of henioeouceutiationj Hoeececi lij peibilinibinemic ciiiecs of iioiiinl 
tjpe are usuallj obtanied in patients uitli nicieased fiagilitj of eiythiocj tes * 

Our Imanigs suggest tint tlic mciease of indiieot reacting bilirubin of 
serum is due to the lucieased leabsoiptiou fiom the intestine of a biliarj pig 
ment (possibly mesobilii ubiu ) Tins tentatne conclusion is based on stioiig 
but, so fai, indiiect eiideiiec (a) the poweifiil cholagogic and choleretic effect 
of sodium nicotiuate and (b) its pionouneed lasoddatoi} action on the vessels 
of the splanchnic area As a result tlie leabsorptioii fiom the intestinal tiact 
of components of bile is greath nicieased (Exaggoiated leabsoiption of a 
clnomogenous bilinibm doinativo — urobilinogen — following the intiavenous in 
jeotion of sodium nicotiuate is shown bj the coi i espondiiig changes in elimnia 
tioii of urobilm ) Further evidence shows that availabilitj of bile in the in 
testme and hjpeibiliiubiiieniic effect of sodium nicotiuate are direotlj lelated 
as proved bv two mam findings (a) tlie lijpeibiliriibmenuo effect of sodium 
nicotimte is limited oi absent in normal subjects when biliarj flow is first 
stimulated bj means of Jlg'lO, and the secietcd bile extracted as eompletelj 
as possible bv means of a Rebfuss tube passed into tlie duodenum (b) patients 
with complete btliarv obstiuction do not piesent anj liyperbilirubmemio re 
spouse to sodium nicotiuate 

Tlie conclusion suggested is not suppoited bv the accepted tlieories on the 
metabolism of biliarj jiigments Hovievci the Italian school of Zoja’" lias 
stroiiglj claimed that stiuni biliiiibin of tlie indirect reacting type lepieseiits 
reabsorbed niesobilirubiii winch has escaped the hepatic filter thiougli Iviiiph 
channels or the jioitacaval anastomoses Notwithstanding the demoiistiatioii 
hj Colaiigiuli^ that mesobiliiubin ond indiicct reacting bilirubin behave in i 
similar maiiiiei with vaiioiis cliemical leageiits the theoij still awaits moic 
conclusive evidence and is not geuenllj accepted It would liowcvei offer m 
explanation of oui findings since the increased flow of bile and the vasodilat i 
tion induced bj sodium nieotmate could cxaggciate the icabsoiptioii of meso 
biliiaibiiit and coiisequeiitlj laise the serum level of mdiicct reactin„ bilirubin 

The ineieased eliniiiiatioii of iirobilm whicli follows the inti ivenoiis in 
jectioii of sodium nicotiuate is aiiothci finding ot clinic d iiitciest and practicil 

A verj low hypcrbilirublneinic curve was observed in a patient vviUi "WerUiors disease 
recently splenectoinized This finding is dllDCult to Interpret and lima does not speciflcall) 
support or denj tlie view tJiat exaggerated blood destruction is tlie cause of the lijpeibill 
rubineinla due to sodium nicotinate 

tNo hiperbilirubinemia follows the intravenous Injection of nicotimnildo wlilcli is onl> 
bglitlj less active than odium nicotinat in Incicasing the bil ar\ lluw but lot not possfyi 
any vaeodllatorj iTecL Thi indirect cvilence would sugg t tliut the 1>> pcrbillrubinemla 
depends more on the vasodilatorj action tlmn on the choiagtglc and choleretic tff tt of solium 

nicotinate. 



1046 


STEFANINI 


impoitance The effect is piobably due to a double meehanisni (a) the piesenee 
in the intestinal tiact of a laige amount of uiobihnogen available foi leabsorp 
tiQU, due to the cholagogie and choleietic effect of sodiiiiu mcotmate, (b) tlie 
vasodilatoiy effect of the substance on the splanchnic vasculai aiea, which in 
Cl eases the possibility of the chiomogen being adsoibed diiectly into the general 
cii dilation thiough poitacaval anastomotic vessels The cooidmation of these 
tivo mechanisms explains the magnitude of the inci eased elimination of mo 
bilin in the mine after intiavenous injection of sodium mcotmate Fioni a 
clinical viewpoint the obseivation shows that laige quanUhes of utohiluimmj 
appeal in the mine even ivhenno livet damage oi hijpeihemolijsis can he demon 
st) cited This last finding indiiectly confiinis eailiei expeinnents of Melh'” 
who was alile to show in dogs tliat the use of piessme wntlun the portal system 
(deteimuied wuth expeimiental occlusion oi direct eompiession of the poital 
vem, 01 pneumothoiax of the right side) causes increased elimmation of mo 
bilm When the piessme within the poital tree is incieased, an amount of 
mobilinogen greater than normal reaches the general circulation and is finall} 
elimmated as uiobihn A similar mechanism can be cited to explam the pio 
nouneed mobihnmia of clinical conditions (pneumothoiax of the light side, 
pylethiombosis, early cirrhosis of the liver) in which livei dysfunction is absent 
or too limited to account for the finding It could also explain the daily lluctua 


tions and the postpianclial inciease of physiologic mobilmuria 

The findmgs presented in this paper might have possible diagnostic and 
therapeutic applications That the sodium mcotmate technique could be usei 
as a test of liver function is obruous The technique, producing a prompt aii^ 
conspicuous rise of the seiuni indirect reacting bilirubin, tests the ability o 
the hepatic cell to dispose of a sudden and large load of biliiubin and evaluate^ 
both the bile-f mining and the bile-excietmg functions of the hvei 
AVith the tolerance tests of exogenous bilirubin or with other techniques m ^ 
a use of the seium biliiubm level is deteinuned iiichiectly by the 
different substances (epineplume, bdiaiy salts, desoxy corticosterone 
other methods (ingestion of fats and carbohydrates, diatheimy and 
irradiation of the hepatic and splenic areas), the sodium nicotinate test ^ 
advantage of causing a prolonged and conspicuous hypeibihiubinemia 
technique both simple and safe Unfortunately, studies on 
tients presenting various liver disorders show the pattern of the 
nemic curve after intiarenous injection of sodium mcotmate to jotal 


nite correlation with the anatomic or clinical diagnosis of the case, 


hepatic function evaluated rvith a “profile” of liver function jj m 

results of any other individual test This finding is not attiibuta c 
timsie defect of the sodium mcotmate teclmique, but to tlie fact la^^^ 
excretion is -widely dissociated from other functions of the hvei i^J 
noi-mal even ui eases of serious cellular damage, or be involve ear 
benign conditions The lesults of the test, therefore, cannot £ jjfieiea 

dication of the total function of the liver nor considered as a me ^ 

tial diagnosis betw'een obstructive and hepatocellular jaun ice, 
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noiticallj tjpical curve (flit tvpe) is obtained oiilj in cases of complete ob 
stiuction of the biliarj tiact Tlic sodium mcotiuate tecluiique leinains mamlj 
a test of the Inhiubiii e\eietiii„ function of the livei Undei ceitain conditions, 
it may also be useful in the piOoiiostic evaluation of jaundice Foi example 
111 cases of infectious hepatitis still vvitb evident jiundiec the test maj give i 
normal lesult, indicating the lestoiation of a noimal excretion of biliiubin and 
foiecasting the legression of the leteius at an eailj date In othei cases jaim 
dice may be due rathei to sUiggishiiess thin insufflcieucj of the bibrubm ex 
eretmg function as in icteiic malaiia The sodium nieotinatc curve will then 
show a normal pattern 

SufScient evidence has been given to show tliat sodimu nicotinate when 
administered mtravenouslj exeieises a powerful cholagogic and choleretic ac 
tion This effect has been prov ed bv me nia of duodenal intubation in normal 
subjects and in a patient witli surgical biliaiy fistula Expeiiments utilizing 
the same techniques have also shown that iiitiaveuous nicotinaniido oi sodium 
nicotinate oi nicotinamide admmisteied bj moutli ui tberapeutie doses also 
possess the same action although slight!} less pronounced AlthoUoh these 
findings suggest a possible theiapeutic use of both substances in jaundice which 
has not jet reached the ii reversible stage, much more additional evidence is 
reqiured bofoie these conclusions can be given practical clinical application 

This communication should be considered of a preliminary ehaiaetei and 
tile results presented heie oeitainlj do not cxlnust the possibilities of expeii 
mental and clinical investigation offeied bj the sodium nicotinate test It is 
unfortunate that the related obseivations cannot bo completed and integrated 
with animal expenmontatioii because no hjperbiliiuhiuemia can he determmed 
m dogs and rabbits with the technique However, furthei vvoik m human 
beings IS contemplated, emplojing this test, to ohtaui more inforniltion on the 
noimal and pathologic metabolism of bibaij pigments 

SUMMVRX VND CONCLUSIONS 

1 The intiavenous injectiou of 30 mg of sodium nicotinate in noimal sub 
jeets IS followed bj (a) a rise of the seium level of indiiect reacting hiliiubin, 
which reaches a maximum after about iimctj mmiites, then slowly returns to 
the initial value within six to eight horn's, (b) almost immediate stimulation of 
the seci'etion and excietion of bile (biliiuhm) , (c) incieised elimination of 
uiobilm vvliicli leaches a maximum two to three boui's after the injection ind 
retiiiiis to normal values in about tvveutj foui hours 

2 In pathologic conditions two mam modifications of the hj-ptilulirubi 
nemic effect of sodium nicotinate are obseivcd (a) a failuic of the hilinihin 
level to return to noimal v lines within the expeiimontal pcnotl of eight hours 
(h) the appeaiance m ciiculatioii of bihiuhm of the diiect rcactm„ tjpe Their 
vaiious combinations chiiactcrizc different tvpes of cunes ohtamed iii patients 
with liver disorders These curves are not consistently related to the anatomic 
or clinical condition of the patient Theicfoic the hjperbilirubinemic effect 
cannot be utilized as a test of livci function oi for the difforcntntion between 
hepatogenous ind obstiuctivc, jaundice 
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3 The inteipietation o± the ascending pait of the hj'peibihiubmemic cunt 
IS complex, expeiimental e\idence suggests that the use in level of the mdaetl 
leacting bilmibin in seinm might be due to inci eased leabsoiptiou of mew 
biliiubm fiom the intestine The descending pait is in diiect lelatioiisliip to the 
bile-excietmg t unction of the livei 

4 The inci eased elimination of uiobilin is veiy likely due to the inci eased 
leabsoiptioii of uiobilmogen, because of the vasodilatoiy, cholagogic and 
choleietic eftects of sodium nicotinate The finding pioves that laige quantities 
of the chiomogen may appeal in the mine even when no livei damage oi hjpcr 
hemolysis can be demonstiated 

5 Both sodium nicotinate and nicotinamide, when given iiitiaveuoush 
01 01 ally, exeit a poweitul choleietic and cholagogic effect 
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CIIOLESTEKOL DESOX\ ( HOEIC ACID A ST.VBLE ANTIGEN 
rOK USE IN A 1 1 0( f I LATION TEST TOR LIVER 
DI SFLNCTION 

I CoiIPUilisON VlTII THE IIVNEER CePHAI IN CHOLb.STEROE TesT 
ILiJOR ilETHUIt STEINBEUr * SvNTTUtT CORPS LMTED St ITEN ABM\ 

Renerie Coris 
Phoeninville, Pv 

S INCE the iiitioduetion ot the Hauger test ' ^ it has found manj pio 
ponciitb^ ' I had an oppoitumt\ to cmploj this test as ttell as otliei liiti 
function studies in a lai ge senes of eases in militaiy peisoiinel 

There neie a fen pitfalls assoeiated nith the eephalin cholesterol flocculation 
test as It nas fiist perfoinied hi me Bacteiial containiintioii nas fouud to „ne 
rise to false positises espeeialh in an otcihtated loom Furtlicimote the re- 
action was photoseiisitu 0 ' ‘ The latter was reported also bj Neefe and Rein 
hold" To avoid bacteiial contaimnatiou sulfanilamide nas dissoKed in the 
0 85 pel cent salute iii a ooiieeiitiation of 1 1,000 and latci a 1 10 000 solution 
of ilerthiolate nas eniplorcd Mith both of these ac,ents there was found no 
interference with the seiisiti'iti of the leactioii To avoid the false positives 
observed with esposuie to light ispeciall} diicct sunlight the tubes were Kept 
in a dark cupboard 

It vvis observed eailj that theic was a consideiable disparity of results 
obtained in the Hangei tests when parallel tests weie set up with two commercial 
anti„eiis, Wilson and Difco The foimei seemed to be iiiueli less sensitive It 
appealed liKelj that such vaiiatiou belweeii the two autioCus maj have been due 
to differences in the eephalui Pieviouslv Mated and co workers had indicated 
that the state of the eephalui iffectcd the sensitivity of the test" “ Latei 
Lippuicott and associates' icportcd a discicpaiicj of lesults obtained in patients 
with viva\ malaria emploviiig the Ditto and Wilson aiitiaCns These authoi-s 
also found the Wilson antigens to be less sensitive 

Rabat, Hanger Aloore and Landow'* showed that false positive tests vveie 
obtained with known negative sera when the scia was inactivated for tliiitv 
iiiinutes at 5G° C This obseivatioii also was made bj me in using simil ii heat 
inactivated seia 

Theie is no ittenipt made in this paper to dctiact fiom the value ot the 
Hauger reaction as a liver tunction test in fact adcquite confirm itioii ot the 
leliability of the test is presented heiciii This investigation was undeitiKen 
because of the following (1) the iiistabilitj of the ceplialin nr the pieparation 
of the antigen (2) the difiieultj in picpaiin„ the anti„cu oi the espense in pur 
ehasin„ coiiimcicial prep nations of the anti„eii and (3) the lack of availabihtv 

I-rom Uic \ane> Force General Hospital 
RLcel\eJ for publication Vprll 15-19 

I resent address Phjsidans and Surgeons Laboratorj 19 3 Spruce Stre t. Thlla 
dclphla 3 Pa. 
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of the antigen oi the components foi its piepaiation in ovei-seas hospital in 
stallations An attempt was theiefoie made to piepaie a similai antigen fiom 
leadily available compounds, but one that would be stable Cephalm is an im 
stable phospholipid, which leadily iindeigoes oxidation It appealed likely 
that the chief function of this substance in the piepaiation of the Hangei auti 
gen was to lendei the antigen moie soluble in the aqueous media employed in 
the flocculation test Tlus fact was also suggested by IMaclagan,^ who, dining 
the development of the thymol tuibidity test, suggested that the tiiibidity ob 
tamed with the seia of patients manifesting paienehyniatous livei disease i\as 
due piimaiily to phenol and its substitution piodiicts He showed a definite 
lelationship betueeu the moleculai weight, solubility, and the pieeipitatnig 
powei He indicated that highei homologues such as cholesteiol failed to gne 
positive 1 esults because of then lack of solubility 

Consequently, I sought a stable substance of known chemical composition 
that would ineiease the solubility of cholesteiol Veizai and Kuthy'®’’® demon 
stiated that fiee bile acids have the abihtv to keep fatty acids and otliei 
acholic components m aqueous solution This appealed to be accomplished b) 
the foimation of eooidination compounds and was confined to the alkaline side 
of the neutral point These authois also showed that lecithin and othei sub 
stances exeit an influence of then own on solubility m a mixtuie and mav supple 
nient the effect of the bile acids The enhanced solubihty of cholesteiol m bile 
and bile acids solutions was mentioned as early as 1868 by Kiieline"“ Fmalltj 
diffusion experiments by Schoenheimei and Hidina^’- showed that cholesteiol 
ivas moie stiongly associated with desoxycholic acid than any othei bile acid 

Hence, desoxycholic acid ivas selected as the compound of choice, to leplace 
cephalm m the Hangei antigen Desoxycholic acid has been used in the pie 
paiation of a vaiiety of cooidmation compoimds, including the pheiianthicue 
hydioeaibons It has the pioperty of loimmg loose compounds with steiuii 
theieby bioadenmg the solubility lange of the combined substance Initialb a 
cooidmation compound of cholesteiol-desoxymholate was piepaied by' fu^»o 
one moleculai weight each of cholesteiol and desoxymholic acid with the ai o 
heat A cholesteiol-desoxymholate was also piepaied by the method ot Dowui^ 
Stent, and White-- by ciystallization fiom petioleiim ethei 
simplei pieparation was devised, ivhich elimmated the necessity foi the on 
tion of this cooidmation compound entiiely' 

METHOD 

Preparation of the Stoch Antigen — 1 2 Gm of clieraic'illj PC*'® des®'') ^ 
(lissohed lu 16 cc of absolute alcohol with the aid of gentle heating, fields 

cliemieallj pure cholesterol was dissoHed in this solution of desoxj cholic an ^ jlanji'’ 
an alcoholic solution of cholesterol which was of the same concentration is " 

This stock antigen was stored in a tightlj stoppered bottle in the refrigerator ^ ira 

Prepaiatwn of the Cholesterol Desoxycholic Acid Emulsion The C 

prepared bj placing 30 c c of N/60 NaOH in a small beaker and 
The flame was remoied and 1 c c of stock antigen was added, a drop at a im con-tas*^ 
stirnng The mixtuie was then slowij brought just to the boilmg tnw- 

stirring The resultant emulsion was then allowed to cool to room ^ „ for 

f erred to two 15 c c centrifuge tubes These were centrifuged a p 
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mmutes to remove anj, coar o particles The supernatant milky emulsion was then poured 
off and stored m a stoppered te-<t tube This emuHioa keeps for dajs m tho refrigerator 
Procedure — To 4 c c of pliospJiate buffer of pH 7 S in a small test tube or lo cc 
centrifuge tube such as Hanger employed, nas added 0 2 c c of serum TJie Contents were then 
mued by inverting several times Then 1 cc of antigen emulsion 1108 added and tlio con 
tents nero vigorously slmhen, stoppered aud allowed to stand Tlie tubes were es-ammed 
at twelve, twentj four and fortj eight hours for flocculation and viere reported as negative, 
+, ++, 4+f, -i+H, as m tlie Hanger tost Two control tubes were prepared at the same time 
One contamed known negatnc strum and tho other contained just th© buffer aud emulsion 
m tlio same proportions as m the test Flocculation of ++ or more in forty eight hours was 
considered positive 

Parallel Hanger tests were performed m all sera tested Simultaneous tJijTnol turbiditj, 
icterus mde\, serum bilirubin albumin/globuJm ratio, cholesterol, total and esters, alkaline 
pliosphatase and, in many instances bromsulfalein, heterophil© antibody, and urine uro 
bilmogen wore also carried out Tlu.se latter wJl b© reported in a subsequent paper 20 

T/iero were GOO tests performed on 485 individuals The type of cases utilized are de- 
picted in Table I 


Tvble I Cases Studied 


DIAGNOSIS 

j NUMBER OF | 

1 PATIENTS 1 

NUMBER Ot 
TESTS 

Infectious hepatitis 

U2 

174 

Obstructive jaundice 

u 

22 

Cirrhosis of Uver 

5 

12 

CliolecystitH 

8 

a 

Infectious mononucleosis 

38 

60 

Vxvax malaria 

32 

110 

MisccllTneous 

28 

34 

Normal 

168 

1G8 

lotal 

■JSS 



Where possible tho sera of those pattents were tested during the various pha'^es of the 
disease, 10 , at the onset during subsidence during recrudescence, and following clinical 
rocoverj The diagno es lu the various ca'C-* were ba<cd on appropriate Jaboritory studies 
and clinical evaluation* 

RESULTS 

The results obtained in the ludnidual cases tull be published subsequently 
togethei with the othei laboraton data muitioned previously A sumniuy of 
the dqta is lieiein piesented 

The results obtained in the sera of patients in vaiious stages of infectious 
hepatitis aie shovni in Tabic XI 


Table II FLOccuLAnoN Tests iv C\ses op Infectious Hepatitis 


NUMBER OF 
CASF.S 

1 NUMBER OP 

1 TESTS 

% IIANOER 
POD 

% CDF* 

POS ' 

CLIVlCAI STVGB 



90 

97 

Actj\o (atuto) 

G4 


9J 

9o 

Progres no 

__ 


48 

' 11 

llocoveredt 

14- 

J74 1 

78 0 

<j7<S 



CDF cholesterol desoxj cholic add flocculation test, 
ticterus Index serum bilirubin normal 


I nm Indebted to njun> medical ofllcera from the 1- nd General Hospital tjje 13 tli 
General Hospital The \allci Force General HO'ipital espcclalh Lt Col I Pilot. Col irank 
Sinclair deceased Lt Col K V. Gall Capt Mack FI her Lt Col R It HtTner Major Jacob 
®<*n Dr H I Segal and Dr F K Schechter for Uiclr cooperation encouragement, an 1 for 
the clinical diagnosis in the ca es studied In this presentation. 
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PI 13 SICTII 1 , the flocculaiit of tJie cholesterol dcso\> cholic acid flocculation test 
appeals to be finei and to pack moie fiimly An effort will be made to perform 
tlieso tests subsequent]} 

The e\idcnee reported heiem aioiild suggest that the Hanger and cholesterol 
deso\jcho!ic acid flocculation tests could be cmplojed interchangeably in the 
diagnosis and folloii up of cases of hepatocellulai diseases 


SUJIM VRY 

1 A new antigen is described in which desoxj cholic acid was substituted 
foi cepiialui in the ceplialin cholcsteiol flocculation test 

2 There were 600 tests on 475 patients earned out employing the eholes 
teral deso'cycliolic acid (GDI ) and the cephalin cholesterol flocculation test 
iiith 94 pel cent agreement 

3 The cholesterol desoi} cholic acid flocculation test eompaied closely with 
the Ilaiigei test in specificitv and sensitivitj The mechanism of action in the 
two tests appealed to be closely i elated 

4 The cholesterol desoM ehohe acid flocculation test appealed to be of 
adi lutage m legard to stabiliti esse of preparation and economy 
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A CR\OGLOBUUN PRBSLNT IN HIC.II CONCENTRATION IN THE 
PLASMA OP A CAST OP MULTIPLE JIIELOMV 


ROBEitT M Hill Ph D stuvbt G Dunlop, Ph D , ind 
Rich ird M Mulupan M D 
Demeb Colo 

T he fiisit lepoitcd CISC of a lomublc cold pt eeipititiou of plasma piotem 
IS tint of Wiiitiobe and BiitlP (1913) "nis aiid other cases that haie 
heut lepoited since tint time ait sumiintued by Leiuer and lYatsou (194;7), 
iiho gl\e the lelevailt bibhogiapnies lu their papei a neiv ease is described 
IV Inch IS paiticulailj valuable liecaiist oi the coiiiplettness of the stvidies Aii 
extensive physical chemical studv of the protein is desciibed in a sepaiate 
paper bj Leiiici and Gieenbeit;’ All of these cases gate immediate gross 
precipitation of piotein on cooling the plasma iiid lesolutioii of the piecipitate 
on waiiiiint, Because ol this piopeiU Leiiiei and 'Watson have suggested the 
name “crvoglobuhn foi this tlass of pioteiiis 

Since the publication of the paper of Leiiter and Watson, a case with 
Raynaud's sjndiouie linMiia i protein of tins class in the plasma was lepoited 
by Hansen and Fabei' (1947) OlhageiP (1948) has also deseiibed thico cases 
that merit special mention AU thice gave spontaneous crjstalliiiD piecipi 
tales, although the civstal stimtuie was not the Same in any two cases In 
Case I (diagnosis injeluiiia, tolal plasma pioteui 101 Gm pei cent) the 
content of spontaneonslv precipitating piotciii was 1 4 6ni per cent of plasma 
In spue of this high conceiitiation it did not pieoipltdte iiiimediately on cool 
ing, and aftei vvaiwuig to 37° C ri dissolved slowly (twenty to thiity inin 
utes) Theie is a ciuestion whethci Ollngen’s Case II (diagnosis, myeloma 
total protein 13 0 Gm pei cent) should I o listed as a cijo^lobuhn because the 
pweipitatien was on the whole independent of the otttei temperatuic but 
slightly fastei m the cold ” The spontaneous pi ecipitation of ciystalhne 
protein appealed fiist aftii 24 hours and amounted to Ob Gm pel cent of 
plasnia The electrophoi etic inttuni of this plasma shosved 75 6 per cent of 
the total aiea in the gamma gloliulm peak This is leuimiscent of the case of 
Holmbeig" in which precipitation eouhl he picvcnted bi unaeiobio colleetioii 
The stimulus to piecipitation seemed to be tin loss ot CO on esposuie to an 
Olhagtn did not find anaerobic collection a factoi in his Case II and does not 
suggest a cause foi the pioteiii piecipitation Olhageii’s Case HI (piobal)lj 
“a mveloiii i diagnosis in spite of the negative niaiiow iiid \ iiij findings”) 
Was complicated by icnal iiisufliciciicv and high blood noiipioteiii mtiogen 
There was no hvpeiprotcinemia (total piotciii 7 4 Gm pel cent) The spoil 
taueously eisstalliziiig pioteiii amoinited to 0 6 Gm pei cent of plasm i it 
precipitated imniedintely on cooliitg ind icdissoivcd promptly on waniimg to 
C A uiiiiaiy piotein was electi ophorcticallv nleiitieal with the erso 
felohulin of the plasma 

„ From the Departments of Blochemlsirj Bact rloio-’j and Patho^oo Unlvcrslt> of 
t-otorado Ciedicat Center 
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Weitheimei and Stem’’ weie the fiist to suggest a classification of “cold 
fi action" plasma pioteins They made a systematic seaich foi such piotciub 
following then disco\eiy of a “cold fiaetion" in the plasmas of dogs infected 
with kala-aaai “Cold fiactions” were classified by them as Giades 1, 2, 
3, 4, and 5 Giade 1 was defined as including those iilasmas showing “tuibid 
ity maiked but no piecipitate” aftei standing twenty-foiu Iioms m the le 
tiigeiatoi at 7 to 11° C , Giades 2 and 3 weie intei mediate and Giade 4 in 
eluded plasmas showing a “maiked piecipitate easily estimable by qiuntiia 
tive methods ” Giade 5 was leseived foi leveisible cold fiactions of a non 
piotein natuie, usually eholesteiol, of which these anthois found a considei 
able nnmbei Investigatois aie warned against mistaking Giade 5 cold fiac 
tions foi cold-sensitive pioteins Five cases of kala-azai in human beings weie 
investigated, two of which showed Giade 4 cold fiactions while the othei tlnec 
showed Gi ade 3 pi eeipitatious This indicates that lai ge quantities of cold 
sensitive plasma pioteins may be a common occniienee in tins disease to be 
found foi the seaichmg Eight cases of endocaiditis lenta all showed cold 
fiactions of Giades 1 to 3, with one shoiving Giade 4 Giades 1 to 3 veie 
found in foui cases of nephiosis In the twenty-seven cases studied, Giade o 
piecipitates (nonpioteni leveisible cold fiactions) weie found lu si\ 

A moie extensive and moie systematic seaich foi cold-sensitn e plasma 
pioteins was lepoited by Leinei, Bainum, and Watson® (1947) These authoi’s 
examined the seiums fiom one bundled twenty-one patients with a vaiieb 
of pathologic conditions and fiom foity contiols Then woik is the basis or 
a veiy piactieal classification of ciirnglobuhns accoiding to the time of ap 
peaianee on standing at 5° C and aeeoidmg to the amount of piecipitate 
foimed Giade 1 includes plasmas containing a tiace to 6 mg pei eoik 
ciyoglobului appealing between twenty-foui houis and one week, Giaie- 
mcludes plasmas containing 6 to 25 mg pei cent appealing m twenty loin 
houis, Giade 3 meludes plasmas containing moie than 25 mg pei 
ciyoglobulin appealing immediately on cooling In one hundied tMCoG 
cases exanuned they found twelve cases of Giade 2 and eighteen 
Giade 1 ciyoglobulinemia None weie found among the foitj contios 
ease of Giade 3 eiyoglobnhnemia was found because of the systematic 
the one case listed was the first seen by these authois and was appaiea 
stimulus foi the latei woik The behavioi of lipid piecipitates vas toim 
be “entuely diffeient fiom the ciyoglobulnis " It should he en 
the Giade 3 eiyoglobuhnemia of these authois, the giade inclucling 
est piecipitation, coiiespoiids to Giade 4 of Weitheimei and Stein 
seaich ot the liteiatuie, we have found, including oin ouii, fifteen 
ciioglohulinemia that uould he classified as Giade 3 accoidmg to lo 
cation of Leinei, Bainum, and Watson® 



C \SE REPORT 


V/ V— ^ ^ 

In the present paper 'ne are reporting some properties of tlio plasma^ 
globulin separated from the plasma of a person (Patient 0 0) 
mveloma The patient, a white woman, oa jears of age, entered Colora o 
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on Aug 7, 1945 Foi the past se\en years slie had suffered from severe seusitivitj to colil 
Death occurred the follotnng September 9 Autopsj retealed plasma cell mjtlonia imohiiio' 
the bone marron, chieflv of the left humerus, sc ipula, and tlivide The bone of the lavl 
ind neek of the humerus nas extensivcl} destrojed b} unssue probfet ition of cells with the 
moipholog} of plasma cells, chiefly in the plasmoblast stage (Pigs 1 and 2 )' 


RESULTS 


P)ope}tiei, of the Plasma — When the blood of Patient 0 0 was fiist 
diawn it was tonnd to solidify qnicklj'^ in the needle and syiinge even thougli 
laige amounts of anticoagulant tveie used Howevet, when the syinige and 
needle weie 'wainied befoie use and the sample of diawn blood was kept waim, 
it lemained liquid indefinitely with no moie than the usual additions of anti 
coagulant When hepaiimzed blood was kept at 37 to 40° C tin oiighout the 
piocess of ceuti itiigation it sepaiated into thiee layeis an iippei lajei of ap 
paiently noimal plasma, a middle, cleai, almost watei -white layei , and a 
lowei layei of cells On eoolmg, the uppei layei i emained liquid The middle 
layei, hoivevei, congealed to a peaily white tiansliicent solid In a sample 
of 7 5 ml of blood, the volumes of the thiee layeis weie uppei, 3 0 ml , mid 
die, 2 8 ml , and lowei, 1 7 millihteis Thus the middle layei of cold seiisitn e 
mateiial accounted foi 37 pei cent of the total volume of the blood ‘When 
the middle lavei solidified on cooling the top layei could be poiued off and, 
uith distilled -watei, could be washed off completelj’’ fiom the suiface of the 
solid middle poition On waiming, the middle layei again liquefied and could 
be pipetted fiom the suiface of the cells This sepaiation was aceoniphshei 
on file difteient samples diaivn on five diffeieut days Folloiving a whole 
blood tiansfusion the sepaiation into thiee layeis nevei again occurrec 
though the ivhole blood oi plasma sohdified on cooling as befoie Aftei dilu 
tioii with distilled watei the ciyoglobulin ot these lattei samples sepaiatc 
on cooling fiist as a thin gel Avliich then quickly bioke up as a floccu en^ 
pieeipitate and coidd be piiiified by lesoliition in waini uatei 
agam pieeipitated on cooling Solidification on cooling to about 32 o'* 

liquefaction on leiv aiming to 38° C was lepeated on the same sample of b m e 
blood fifteen times wuthoiit any appaient changes in its piopeities 

Fi actional plasma inotein analj'^ses iveie earned out bj’’ means of a 
modification^'’ of the method of Hoive These and othei analytic data aie co 

lected in Table II The mine ivas fiee ftom pi oteiii at all times 

In dilute solution the ciyoglobulin ivas pieeipitated solelv in the o o 
tiaetiou This uas not tine in high concenti ations and it is pioia , ^ 
the high ‘ fibiinogen” fi action on Aug 28, 1945, contained a huge am 


ciyoglobulin die 

The Auscosity of the plasma was measuied at difteient temperatm^ mstrii 
Ktwald viseosimetei Exactly^ 3 ml of the plasma iveie used m 
•t A\hieh Avas then placed in a Avatei bath at 45° C and 
Ji thiity minutes to come to theimal eqiiilibiium Attei seveia ^ 
tions of Aiscosity A\eie made at this tempeiatiiie, the hath Avas lOO 
with eiiished ice and a iicaa tempeiatnie leiel established By 
piocediiie, the data foi Aiscosity changes A\ith tempeiatiuc Avere 


•Thi. pathologic aspects ol the case have been reported’ 
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111 Fit ^ the cune foi tht plasma of Patient 0 0 is compaied with the a\ei 
age ciu\c foi thice noinnl phsmis ineasiued lu this laboiatoiy and the avei 
Tge cuive foi thiee iioimil plisnias and the cuive foi one hypeipioteiaemic 
plasma (9 2 0m pci cent) lepoited b\ Tochinis The Mscositj of the plasma 
of Patient 0 0 is moie than h'e times that of the d\ei ige noimal plasma at 
38® C md 1 ipidly luci easts to infimtj ’ at 32® C If the Mscosity of noimal 



vis 3 — The chanscs of vl 3 coslt> %\ith temperature of the pla nia of Patient O O 1 
V case of ji>PerproteineniJa reported bj Joclilms D tho average of tljrce non mis reported 
by Jochlms (O) and F the averng of tlirc*' normals examined In this laboratory Curve B 
Is the log of the viscosity of the plasma of Patient O O showing a break at about 34 c 

plasma is plotted against the logaiitlnn o£ the tempeiatiue, a eontmnons 
straight line is obtained When the iiscositj of the iilasma of Patient 0 0 
>8 bo plotted, two btiaight lines aie obtained The position of the bieak in 
tile senulogarithmic eune suggests tliat the clniige in state of the ciyopro 
tein on cooling begins nhen the temiieiatiue leachcs 34° C 

Chemistry of tht Cryoylobuhn — A Hige sample of nliole plasma ms di 
luted and cooled in the icebox foi seicnl hours It was then ceutnfuged nith 
the centiifuge tubes packed ni icc The crjoglobuhn separated in this \sa> 
was quickly and completely dissohed nhen iilaced in naim (40° C ) distilled 
nater The solution nas again cooled in the icebox to lepiccipitate the 
cijoglohuliu In this nay the sample nas purified hj ten leprccipitations 
fioni distilled watei A small sample of the final product nas dried to a 
pure nhite powdei nhieh gaic strong biuiet xanthopioteic, Alillon, and 
Acrco Rosenheim tests md a ncgatiac Vlolisth test The bullc of tiic product 
nas ledissohed m narm distilled natei and mixed nith an equal \oIume of 
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95 pel cent ethyl alcohol and placed in the icebox Amoiphons mateiial befiau 
to piecipitate at once and aftei thiee days needlelike ciystals appealed 
(Fig 4) These iveie at fiist piesiimed to be ciystals of the ciyoglobulm be 
cause of the similai ciystals found by 'W'lntiobe and BuelT and the piotciii 
ciystals lepoited in the ease of myeloma of von Bonsdoift, Gioth, and 
Packalen Howevei, the ciystals pioi’^ed to be not piotein but eliolesteiol 
estei (method of Schoenheimei and Speiiy^^) with no tiee eliolesteiol and no 


Fig 



4 — Crj-stals of cholesterol ester separated from purified protein att^er standing In the colil 
room three days in 50 per cent ethyl alcohol (X^o J 


nitiogen oi phosphoius piesent The ciystals must lepiesent a hgdy 
bound” lipid fi action in the piotein molecule because although tliej vw® 
not lemoimd by ten lesolutions in and pieeipitations fiom distilled watei, le 
Aveie lemov^ed by tieatment in the cold foi thiee days with 50 pei cent e )} 
alcohol The quantity of ciystals ivas appioximately 2 pei cent of t e en 
globulin 


The lemaining amoiphous piotein ivas dried and subjected 
extinction with a 1 2 mixtuie of ethyl alcohol and ethyl ethei . /^20pcr 
ment yielded an additional 0 17 pei cent of mateiial ivhich pioved to e 
cent cholesteiol estei and 70 pei cent fatty acid Again no fiee eioes 
u as piesent and only a tiaee of lipid phosphoius 

Foul samples of the extiacted and diied piotein weie siibiectei 
Kjeldahl aiialysis^® and iveie found to contain 15 2, 15 2, 15 2, 
cent mtiogen lespectnely, with an aAmiage of 1513 pei cent i 


and puimes iveie not piesent in detectable quantities 


tllOlla 


Anothei sample ivas assayed foi amino acids by niieiobio 3 , 1,1 

essentially those of Stokes, Gunness, Dreyei, and Caswell” am 
Gunness Nuie amino acids iveie deteimined vith j^l.iniiu' 

(xlmeiican Type Cultuie Collection No 9790) and the tenth, xo 

Mith Lactohacillus delhiueclai LD 5 (American Tipe Cultuie to 
9595) 
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In Table I these assajs aie tompaied with assais, taken from the liteia 
tuie of some noimal plasma piotem fi actions and inth Bence Jones protein 
The crvoglobulin shows an ammo acid pattern suggesting relationship to the 
beta 01 gamma globulins 


Table I Aiiiso ^cn) Analyses of CTyoglobuun Cosxpabed With Analyses op INoEiiAL 
Plasm v Peotejns and Bence Jones Pbotein 


AMINO ACID 

CB\0 
GLOBDLCJ 
(QM %) 

BENCE JONES 
PROTEIN 
(CM <‘f) 

Al^CNONjj 
(CM %) 

/1-OLOBU 

1JN|| 

(GM %) 

y GLOBU 
LINil 
(OM %) 

FIBEINO 

GEN 

(CM %) 

Histidine 

isd 

1 1 

3 -t 

3o 

2o0 

2 50 

23 

Vrginme 

0 56 

0 2 

oOf 

6 15 

5 61 

1-80 

79 

Ljsme 

7 28 

”0 

b ot 

5 S 


67 


Tryptophane 

159 

2o 

2ot 

019 

2 06 

2 88 

3 22 

Valine 

9 GO 

5bt 






Leucine 

8 70 

0 >t 

10 6$ 

no 

89 

9 32 

71 

Loleucme 

213 







Phenjlalanine 

3 99 

i 8 

1 o$ 

! 1 28 




Metluomne 

90 




151 

106 

. 2 52 

Tlireoume 

0 88 



1 o03 

726 

S36 

1 66 


first case of Cal\er> and Fre\hers 
tSecond case of CaUen and Fre^bete • 
jHopklas and Sa^or> (a erage of two cases) 
lAbderbalden and Rosto ki 
JBrand Kassel) and "^aid i 

All of the aualjses the phisical properties and the behatior toward 
Na SOi fiaetiouation of this ciioglobulm aie compatible with its elassihca 
tion as a pseudoglobulin It drffeied fioni other erjoprotcins that hate 
been deseiibed m its highei coik nitration in the plasma and the highei tern 
peratuie at which it precipitated on cooling After remotal of the crtoglobu 
hit the lemaming plasma appeared to he qualitatn ely uoimal though the 
albiuuin concentration was low and the globulin and libiniogen were high 
(Table H) 


Tasle II. Plisma ProreiN vxn Otuet Laboiutory Fimuscs on CrrOGLOBoux CaswonNa 
Plasma of Patient O 0 



1 DATE 


S/ll/lo 

1 8/21/15 

8/-S/40 


MHOLB 

whole 

UPPER 

MIDDLE 1 

WHOLE 

PLASMA 

PLASMA 

PLASMA 

LAYER 

LATEB 

PLASMA) 

Total protein (Gm %) 

5 

10 0 

71 

131 

181 

Albumm (Cm %) 


1 8 



21 

Globulin (Gni %) 

50 

6 a 

4 a 


98 

Filinnof,en (Gni.%) 


J 7 

0 5 1 


02 

^P'7 <ilg %1 

27 

29 

3/ ; 


21 

Prothrombin (% normal) 

11 





Total cholesterol (Gm %) 

146 




' iJJ 

Serum Ca (Gm % ) 

10 4 




10 4 

'•erum P (Gm %) 

42 




71 

UK phosphatase 

21 





(Bodanskv units) 






foU ajiglutimns 

Ivcc 






j D\TE 

11 HOLE BLOOD 

8 /n 

8/-0 



S/-8 

llemojilobin (Gm i 


5 D 



4 

lirytlirocytea 

3 -jO odd 

3 DjO 000 




Lcucoc^ tes 

6 700 

7 200 




'^egmcnteii neutrophils 

4S 

38 




1 iraphocjics ('^) 

oO 

01 





Globulin plus flbrinog n. 

tA uhole blood transfusion i as gi\en on S/ 6 



niMUNOCHEMICAL ESTBIATION OP THE RATE OP EISAPi’EAl? 

ANCE OP TRANSPOSED GAMBIA GLOBULIN PROM THE 
BLOOD IN TWO CASES OP IIYPOPROTEINEMLV 

Aaron Bkndich, Ph D / and Elvin A ELvbvt, Ph D f 
New York, N Y 

O EVERAL eases have been lepoited m which an unusually low sei uiii gamma 
O globnlm was obseived eleetiophoretically In two of these, lepotted 
in detail elsewheie,® ^ an oppoitumty was piesented to follow by immuiio 
chemical methods the disapiiearanee of gamma globulin horn the blood after 
a tiansfusion of plasma The quantitative piecipitin method has been used 
by seveial investigatois foi the estimation of vaiious seium piotems°' ® 
and moie lecently a mieiomodifieation® has been appbed to the deteinima 
tion of the gamma globulin and eiystallizable albumin ui human cciebio 
spinal fluid The lattei technique was appbed in this study and indicated 
a ‘ half-life ” of 3 to 4 days foi gamma globulin 

In one o± the patients, the ability to foim antibodies was tested by sub 
cutaneous injection of blood gioup A substance*^* and of a mi\tuie of si\ 
ti’pe-specific pneumococcal polysaccharides The degiee of utih-iatioii 

of dietaiy amino acids for tissue sjuithesis was evaluated in tHe second pa 
tient bv deteimining the late of excietion of N^-' in the urine aftei ingestion 
of a knoivn amount of isotopic glyeine 


EXPERIMENTAL 


One patient, E JB, nas a 31 jenrold woman Her case history has been presented by 
Horaburger and Peternidnus m connection iiith a detailed description of a nen siiidroiiu, 
familial idiopathic hypoproteinemia Despite a constant high protein diet, the gaiunia globu 
lin level remained low No evidence of inefficient utilization of dietary protein could b'' 
found Proteinuria nas absent The rate of sjaithesis of serum protein i\as found te bo 
normals The general clinical picture nas negative 

A small blood sample (E B i) was tikea before the intravenous injection of 073 ml 
of normal donor plasma Blood samples were then remoied two hours later and after one, 
three, five, and nine days 

Determination of the gamma globulin in the transfused plasma and in the seruni sample^ 
was earned out as previously descnbedio except for the addition of appropriate Jilutmni 
of the scrum samples to 1 0 ml portions of calibrated rabbit antiserum to purffied and cleftr» 
phoretioally homogeneous human gamma globulin (gamma globulin of Deut'-ch * 10 ' 
workersii) and measuring the quantities of specifically precipitablc nitrogen the 
amounts of gamma globulin are found by mterpolation on the calibr itioii curve P' 
of the serum samples of 1 50 to 1 200 were required to ensure that all anil}‘^cs 
out in. the region of antibody excess (as is necessary for the uiiinunocheinic il nictboi 
valid) The results are listed in Table I 


a„d the Nad 


*U(led m part b> grants from the James Foundation of New lork Inc 
Cancer Institute of the United fatates Public Health Service 

Aided in part by grants from the 'nilHam J Matheson ComniEsioii 
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Table I. DISAPPEVR\^cE of Q\mmv Giobulin on Injection of Normal Pl.\.sm\. 



j NUilBER OP DA^S \FTER I 

GAMMA GLOBULIN 

1 TOTAL PFOTEIN 

BLOOP SAMPLE 

1 TR.\NfiFUbION 1 

PET ML (MG ) 

1 PER 100 ML (GM ) 


J at tent E B 


Donor plasma 


12 4 

615 

E B 


34 

5 31 

E B, 

(2 hr) 

fid 

5 49 

E B, 

1 

61 

6 01 

E B, 

3 

5 2 

5 83 

E B, 

<> 

45 

5 27 

F 

9 

Patient B V 

31 

513 

Donor plasma 


11 o 

5 84 

B V 


31 

3 58 

B V. 

(2 hi ) 

56 

436 

B V, 

1 

46 

3 90 

B V. 

3 

4 1 

3 81 

B V, 

5 

34 


B Vj 

9 

3 fi 

3 56 

B V 

14 

3 0 

3 28 


Subscripts X Prclniection le\el 1 Level In blood sample taken two hours after injec 
tlon of plasma. 


To detenmno tlio antibody re'sponse on injection of bog blood group A substance, tlio 
patient (F B ) received subcutaneously on tuo occasions tno days opart a total of 2 mg 
of a purified hog stomach blood group A preparation (preparation 2Aii) Examination of 
a blood sample obtained ten days Inter revealed no significant change in antibody level 

The patient al^o received an 0 8 ml injection of a mixture of pneumococcal I, II, 
HI V VII VIII type specific pohs lecharides which also contained some group specific 
C" substance *t Analysc^i were performed^t on bleedings taken just before and three 
weeks after the immunization I he re‘»ult9 are listed in Table II 


Table II jVntibodt Levfl in E B Aftep Intracutaleods Injection of Specific Poly 
SACCHARIDES OP TvPES I IT IG, V, VH, AND VUI 


AMTBODY N PER 4 ML. SERUM 


ANTlBOLIES TO 



c 1 ' . J 

II 

HI 

V 

1 

1 vni 

ilefore 

After immunization 

1 0 003 fig 
'0 003 fig\ 

0 Mg 

0 001 fig 

0 Mg 

0 005 Mg 

0 /'g i 
0 1 

0 K 

0 re 1 

P Mg 1 

!0 018 Mg 1 

0 re 

0 004 Mg 


The second patient B V a 33 year old female mechanic, showed a generalized nonspecific 
lymph node enlargement in 1937 which was radiosensitive and disappeared on treatment in 
Vugust, 1938 The albuminuria noticed m 1938 did not reappear With the exception of 
edema of the lower extremities tho clinical picture was negative \ji intake of 90 Gm of 
protein jier day was required to maintain nitrogen balance For fifteen days before and 
for tho duration of the experiment (Jan 9 to 23, 1948) the daily protein intake was about 
laO Gm per day A detailed case history will bo given elsewhere* The patient died on 
Afarch n, 1948, from a bruin hemorrhage, and a giant follicular lymphoma was found on 
autopsy 

One half liter of normal plasma was injected intravenously after a blood specimen 
(B V ) had been taken Additional blood specimens were removed two hours, one, three, fire, 
nmo and fourteen days later for total prottra and gamma globulin analyses- iVs m tho case 
of E B, serum samples prepared from the bleedings were diluted appropriately tho gamma 
globulin determinations are listed m Table I Duplicate analyses were performed throughout 

Manufactured by C B Sauibb and Co New Brunswick V J 
tThc vaccine was obtained tJirouffh the kindness of I rofessor MIcIiacI Hcldclb rger 
tBj Mrs Marie DILapI In Dr Ilcldelbcrgcr'a laboratorj 
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To obtaia inform ition concerning the efiSeieiicy of utilizntion of dietary gljciiic,*'’ B A 
received orally 540 mg of glycineis* containing 32 per cent excess Nis Total dail\ urint 
collections were made for three dajs Isotope determmationst indicated that 42, 52, and bO 
per cent of the dietarj isotope had been eliminated tnentj four, forty eight, and seieut) two 
liours after ingestion 


RESULTS 

Flora Table I it may be seen that injection of the plasma caused almost 
a doubling of the gararaa globulin eoncentiation in the blood seiiim of both 
subjects, although theie was a veTy much smallei inciease m total seium pio 
tein In both instances, it lequiied about nine days foi the gamma globulin 
to letuin to the pieinjection level, and about thiee to foui days foi the initial 
inciease in gamma globulin to be i educed by one-half, indicating a “half 
life” foi the injected gamma globulin of about 3 to 4 days 

As foi the 1 espouse of E B to injection of pneumococcal specific pob 
sacchaiides, the data in Table II leveal no measuiable antibody to types HI 
and V and extiemely little to type I The gieatest i espouse was to type VH 
The values foi types II and VIII aie piobably significant 


DISCUSSION 

Although many eleetiophoietic studies on plasma piotenis have been 
earned out, only veiy feiv instances of low gamma globulin haie been le 
coided Pei haps the fiist leeoid is that by Foibes in 1944^ of a hypopiotem 
emic woman The gamma globulin studied electiophoietieally was unaftectet 
by ingestion or intiavenous injection of Amigen Following a plasma tiaiis 
fusion, this patient elimmated most of the plasma pioteni she had iccene(^ 
mtiavenously in eight days Kiebs- desciibed a 15 -yeai-old giil suffeiing 
fiom malnutiition who shoived a geneial hypopioteiiieinia with an electio 
phoietically deteimiued ganuiia globulin level of 0 15 Gm pei 100 ml P nsnia 
This 1 etui lied to about noiiiial (0 65) on dietotheiapy Two othei cases o 
hypogammaglobulinemia, in childien, have been cited by Stem “ 

In the piesent study, an attempt has been made to considei the 
metabolic basis foi the low gamma globulin levels It has been seeii^ 
a deci eased gamma globulin due to low piotein intake may be lestoie o 
nial wdien the piopei piotein intake is maintained" This p,, 

Mously does not apply to the two patients studied, toi they weie 
piotein intake levels fai in excess of that lequiied foi iiitiogeii ba aiice 
out aftecting then sei um gamma gloLulin , 

The piesent study showed that on tiansfusioii of an araoiuit 
sufficient to double the cu dilating seiura gamma dais 

letuined to its oiiginal lei el at a late indicating a “half-life of o 
Unfoitunately, the pioceduie does not lend itself to a compaiison 
subjects since it would not be possible to laise the gamma gloiu ni 
mficaiitly by^ tiausfusmg noimal plasma into a noimal subject 
toie becomes neeessaiy to eompaie the “half-life” ot gamma 


•Obtained through the kindness of Dr Da.\id Rittenberg 
■^Carried out b> Mr I Sucher In Dr Rittenberg s laboratory 
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foimtl by tins method noth tint found bj other methods A “half life” 
of about two weelts, has been found foi human seium felobului by isotope 
studies * lootnole, p 317 

The specificity of tin, imniunochemioni method, as applied to the estiina 
tion of gamma globulin has been ponsidiicd pieMouslj Deutsch and co 
MOilteis*’ have found evtensui cioss icaetious with human gammoi and 
gammaj globulin Veiy leeenth it has been iepoited“ that seveial piepara 
tioiis of luunan ganimaj globulins leaet alike with labbit antigamma 2 serum 
Since minmnochemiLal deteiniinations of seium gamma globulin avere eon 
sistently bighei than tbc electiophoretie i allies Jagei Smith Nickerson and 
Brown'” infeired that othei seium pioteins (probably globulins) cross 
leaotcd with the antiscuim The indnidual tallies obtained in this imestiga 
tioii theiefoie prohabH represent all eoirstituents leactive with antibody to 
gamma; globulin Theie is howetei general agieemeiit betueen the values 
lepoited heie and those for gamma globulin obtained on the same serum 
samples (from E B ) bj elcctiophoiesis,” fioni uhieh the same half life” can 
be calculated 

To detennino antibodj pioduction one of tlie patients (E B ) iceeited in 
jeotions of the blood group suhstince” ' and several ttpcbpecifio pneumo 
cooeal polysacohaiides ” ” ” Theie was no icsponse to the A substance and 
veij little 01 no anti SI SIH and SV foimed The patient did howevei 
foiin antibodies against tvpes II Ylll and VII although the antibody let els 
reached weie not stiikiiig These data tvliilc belott ateiaoC do not diffei 
sufficiently to be abiioimallj lou It might be of interest m this eoimeotioii 
to compare these findings ttith the lepoit ' that rahlnfs shotted a lottei 
eapacitj to pioduce agglutinins against Bbaihella iyphosa tthen made hjpo 
piotemeinie by loit protein diets or plasiiiapbeicsis 

■ffheii the high piotcin diet of the second patient (B V ) is taken into 
account, the late of exeietion of isotope in the uiine aftci ingestion of a single 
small dose of isotopio glycine"' suggests a lathcr noirani utilization foi piotciii 
s) iithesis 

SUJIMABt 

1 The late of elimination of liaiisfused gamma glohiilm fiom the blood 
stieam of two patients tilth idiopathic h}])opioteineinia tias folloiied immniio 
cheimcallj bj the quantitative preeipifin inetbod 

2 The “half life ’ of tiaiisfuscd gamma globulin in these patients lias 
found to be three to four daj s 

Tlie autliora tush lo achnottlsSKo the cooperation and advico of Vr Ocorgo Bostrorth 
Brottn Pr Sredclj Ilomburger Pr Slarj I Peteruiann, amt Vr Bichmond \t Smith 

BKPEBLSCES 

1 Forbes A P Conference on lletabohc aspects of Com alesecnco Including Bone and 

Mound Hcahng Sixth Meeting NewVorK lobruarj 11 1_, lOII p Hi 

2 Krebs L Q Depression of Gamma Globuha in Ilvpuproteinenua Due to Malnutrition 

J Liiu i Cus Men 31 S5 1910 

1 llomburgcr, F and Petorniann 31 L Studies on Hipoproteineinia II laimhal 

Idiopathic Dj-sprotoineroia, A Neii SjmdroniL To bo publislad 



1070 


BEXDICH AND K-VB\T 


4 Smith, E , Carter, A C , Homhurger, P , and Phorr, E A Studj of tin. Plasma 

Protein Defects in a Case of Giant Follicular Lamphoma To be publi-htd 

5 Stern, K G , and Keiner, if Electrophoresis in iledieine, Yale J Biol iled 19 

b7, 1940 

6 Goettsch, E, and Kendall, F E Anahsis of Albumin and Globulin m Biological 

Fluids ba the Quantitatiae Precipitin ATethod, J Biol Chem 109 221, 1935 
T Kendall, F E The Gse of Immunochemical Aletbods for the Identification and De- 
termination of the Serum Proteins, Cold Spring Harbor Sjmposia on Quantitatne 
Biology 6 376, 193S 

S Kabat, E A, and Alayer, il Experimental Immunochemistrj, Sprmgfield, 191b, 
Charles G Thomas 

9 Heidelberger, AI , and ilacPherson, CFG Quantitative Alicro estimation of Anti 
bodies in the Serum of Alan and Other Animals, Science 97 405, 1943, correction 
98 63, 1943 

10 Kabat, E A, Glusman, AI, and Knaub, V Quantitative Estimation of the Ilbumin 

and Gamma Globulin in Normal and Pathologic Cerebrospinal Fluid bj Immuno- 
chemical Alethods, Am J Aled 4 633, 194S 

11 Kabat, E A , and Bezer, A E Immunochemical Studies on Blood Groups I Estima 

tion of A and B Isoantibodies in Human Serum by the Quantitatue Precipitin 
Alethod, J Exper Aled 82 207, 1945 

12 Bendich, A , Kabat, E A , and Bezer, A E Immunochemical Studies on Blood 

Groups in Properties of Purified Blood Group A Substances From ladiiidual 
Hog Stomach Linings, J Exper Aled 83 4S5, 1046 

13 Heidelberger, AT, AlacLeod, C AI, Kaiser, S J, and Bobinson, B Antibody Forma 

tion n A’'olunteers Following In 3 eetion of Pneumococci or Their Tj'pe Speeiln. 
Polysaccharides, J Exper Aled 83 303, 1946 

14 Heidelberger, AI , AlacLeod, C AI , Hodges, E G , Bernhard, IV G , and DiLapi, 21 M 

Antibodj Formation in Alen Following Injection of Four Tj pe Specific Pobsac 
charades of Pneumococcus, J Exper Aled 85 227, 1947 

15 Heidelberger AI, AlacLeod, C AI, and DiLapi, AI AI The Human Antibody He- 

spouse to Simultaneous Injection of Six Specific Polysaccharides of Pneumococcu , 
J Exper Aled 88 369, 1948 , . 

16 Sprinson, D B Tracer Studies on the Aletabobsm of Proteins, in The bse of Isotopes 

in Biolog\ and Aledicine, Aladison, Wis , 194S, Unieersitj of Wisconsin Bre , 

17 Deutfeh, H F, Alberti, E A, and Gosting, L J Biophysical Studies of Blood 

Plasma Proteins IV Separation and Purification of a N^ew Globulin From . 
mal Plasma, J Biol Chem 165 21, 1946 

IS Schoenheiraer, E, and Eatner, S Studies ui Protein Aletabobsm HI bvntn - 
Amino Acids Containing Isotopic Nitrogen, J Biol Chem 127 301, 1 “ , 

19 Deutsch, H P, Albenv, E A , Gosting, L J , and Y ilhams, J W 

ot Blood Plasma Proteins VI Immunological Properties of y Globulin F 
Plasma of A'ormal Humans, J Immunol 56 183, 1947 , , 

20 Jager, B A' Smith, E L, Nickerson, AI , and Brown, D AT 

Electrophoretic Studies on Human y Globulins, J Biol Chem 17b ^ 

21 Cannon, P B, Chase, AY E and AVissler, E AV The Belationship of the iroiem 

Kei>er\ es to Antibody Production, J Immunol 47 133,19^3 



SENSITIZATIONS TO THE FACTOR Kh IN NEGROES 


Robert K Waller, 51 Sc , M D , and 5Iarion Waller, B A 
Richmond V v 

T he literature on Rh sensitizations m Negioid races is exceedingly sparse, 
and with the exception of one report by Wieiiei and Wexler’- no systematic 
study of this pioblem has come to oui attention In that leport, three cases 
of erythroblastosis fetalis in Negioes are described, none due to Rh and two 
due to appal ent sensitizations against the factors A oi B The inference is 
made that in this gioup of people theie might be a better placental barriei 
01 theie may exist a lower sensitiiity to the antigen Rh In a subsequent 
personal communication to one of us (R K W ) it was pointed out that the 
intentions of that papei weie actually to leport three unusual cases and to 
aiouse interest in the subject mattei and not to make any generalized state 
ments conceiiung Rh sensitizations in Negioes 

It IS the purpose of this papei to desciibe oui experience uith isoim 
munization in Negroes taken at random fiom the obstetiic cbnie of the Jledi 
cal College of Virginia 

M VTERIALS VND METHODS 

During the past tuo rears 3115 consecutive obstetiic clinic patients were 
examined for blood groups Rh factoi and piescnce of isoantibodies Those 
found to be negative with anti D (Kho) seium were checked at approximately 
monthly intervals foi antibodies Wheiievci possible, specimens of ^'ord blood 
were obtained at the time of deliveiy Presence of antibodies was determined 
simultaneously by the saline agglutination 20 pei cent bovine albumin, and 
antiglobulin^ techniques The cord specimens were grouped and typed, the 
cells studied with the antiglobuhn tecluiique for antibody coating and the 
respective seia searched for antibodies with the methods mentioned The 
children bom of immunized Rh negative motheis vveie checked with the lou 
tine hematologic methods as well as the aiitiglobuliu technique 

BEbULTS 

As shown in Table I ovei 86 pei cent of patients weie Negroes The in 
cideiiee of d (Rho negative) in Negioes and C lueasians was 7 3 and 17 4 per 
cent respectively Among the 197 Rh negative Negioes, eight were found to 
be sensitized to Rh and among the seventy three Caucasians three were shown 
to have Rh antibodies If one expresses these figiues m per cent of d 
(Rh negative) (see Table 11) one finds that 4 0G per cent of the Negioes and 
41 per cent of the Caucasians v eie sensitized However in relating the nuin 
her of sensitized patients to the total number in each racial gioup it maj be 
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lABhE I 


1 

NEGROES i 

FEB CEVT 1 

CtCCASIANS 

PEUGEXT 

P (Hho pos ) 

249& 

92 7 1 

340 1 

816 

il (B]io Jieg ) 

197 , 

73 j 

73 

174 

) 

j 2b9b I 


419 1 



shomi that 0 3 pei cent of the Negioes and 0 7 pei cent of the Caneawans had 
de\ eloped Rh antibodies The latio of Negio to white Rh negatives in this 
senes IS 1 2 4, and the eoiiespoixduig latio of sensitued patients, 127 


Table H 


d (Rho SEGATIVE) 1 

NEGROES 1 

[ ctuctsuxs 

Total number of Eh negative patients 

197 

73 

Patients sensitized 

8 

1 3 

Per cent sensitized 

4 06 

i 41 

Per cent sensitized of entire racial group 

03 

1 07 


As shown 111 Table III, all of the Negio patients weie uniltipaias One 
subject (Patient 2) had a definite histoiy and anotliei (Patient 4) a qiies 
tionable histoij’’ of eiythioblastosis in a pievioiis piegnaiicy In foiii of the 
eight eases a histoiy of tiaiisfusion was elicited Only Patient 6 leceued 
tiaiisfnsioiis pieceding the fiist piegnaiicy All hut one (Patient S) showed 
a consistent absence of Rh agglutinins In five patients the outcome of the 
piegnaney is known, and at the time of biith all weie desenbed as chmcallj 




===:== 



PARITY 1 

PPEVI0O5 1 


MATERNr tLREI) 

j AATl Eh 


irru- 

KSCl 



1 


IN STAX. CE ! 

TRANS ; 

CELLS 



ANTI 

OLOB 

Till 

MEa 

TEi 

FV 


i 

i 

GSA 

OFEBITH 1 

ROBLASTOSIS! 

fUSION 
HIS 1 

1 


SV 

ALBO 

TIEVT 

IIACB 

Fist 

WDA 1 

FETALZS 

TORY j 

ORODP 

Bh TYPE 

LINE 

MIN 

bliLv 

1 

Negro 

1 II 

1 

III, 

— 

1 j 

0 

rli"(dcEJ 

0 

64 

128 

oru 


o 

Negro 

Nil 

XIY 

nth, 12 th, 

1 

0 

rh(dce) 

0 

8 

128 

3r(l 




] 

] 


and 13th 
children 




0 

16 

1 

3r3 i 

Nora-' 

3 

Negro 


III 

— : 

— 1 

0 

rii ( dee) 

<!)•< 1 


4 

Negro 

III 

rv^ ! 

3rd child 


0 

rh(dce) 

0 

16 

16 

3r3 





1 

jaundicedl 




0 



3rii 

Sor- i 

5 i 

Negro : 

III 

VI 

— 

4 

0 

rh(dce) 

4 



6 ' 

Negro 

vin 

VTU i 


6* 

B 

i 

rh(ate) 

0 

16 

It) 

It) 

3til 

3r3 


7 

Negro 

I 1 

ni 1 

( 

1 

0 

rU(dce) 

0 

IG 

16 

Hi 

3r.i 

Mill 

S 

Negro 

I 

n 

1 


B 

rh(dt c) 

4 

s 

3ril 

9 

Caucasiin. 

V 1 

^'1II ! 

— 

_ 

0 

rh(acc) 

Trace 

S 


P- , 

1 



i 




0 

8 

I 

32 

Jr<l 1 

Si t-< 

10 1 

Ca\n.asiin 

n : 

in 1 

2ud thild 

- 

A 

rli(dce) 


( 

I 


11 

Caucasian 

in 

1 

IV 

2nd and 3rd 
rhildrcu 

- 

0 

rh(ilce) 

0 

32 

32 


-- 


•Prc\ loua to first prcknanc^ , 

tTiiese cells Were siturated with incomplete matern il antibofiy i 
be agblutinatefi la \itro bj anti-KIio asglatinatlng sera 
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iionnal Theie was not a single instance of iiicom}! itibihty of the majoi blood 
gioups Howeiei, on liboiatoi} ( \ainm-itioii the foul cord nid/oi peiiph 
oial blood specimens iKloiiging to Rlipositue ehildieii showed antibody coat 
iiig to a varying extent (antigloliuhii teehniqne) 

C ISE HEPORTS 

Ca&e 1 — The chmcal appear luc of this infant at birth uas that of aa entirel} normal 
full term baby Its red blood cell ho\\e\er blocked’ o that they gaNO the reaction 

of III 14 negatiio cells with agglutinating sera The antiglebulin reagent gaie a 4+ reaction on 
cord and peripheral cells and mtompleto antibodies could be demonstrated in the cord serum 
Hemoglobin and red blood count sbortlj after birth were 1^6 giama and 4 3 million, ic 
ipeetiicJy This child discharged on the third postnatal daj because of ‘ apparent ’ lack 
of iii\Qlvement The subsequent course is summarized in Table IV 

As can be cen from Table IV this infant s hemoglobin dropped markedlj after its 
diaciiargc and the infant wa brought back to the hospital only because the mother had been 
uamed of the po'^sible compbcatious There was no e\idenec of jaundice at an\ time Doipitc 
four transfusions, the hcmoglobm value pcrsistcutlj dropped as long as antibodies could bo 
demonstrated to bo attached to the red celK (le appro\imateI\ seien and one half ueeks 
postpartum) 

Case S — This infant was npparentlj normal at the time of delivery but ou the eighth 
dai was noticed to be j luudioed pale and m acute respiratory distress On admi sion 
hemoglobin was 2 . „rami and red blood count 610 600 per cubic millimeter Frythrocytes 
gave a 4+ antiglobuhn reaction but were not completely blocked ’ Incomplete anti Bh 
antibodies could bo demonstrated in the scrum The subsequent eour e is summarized in 
Tablo \ 


HI 


BABY S BLOOD 1 

COPD BLOOD 1 

t ran ulril btood i 




AVTl 

ANTI 







OLOBUIIV 

BODIES 

VNTI 






TEST ON 

IN 

GtXIB 




QRour 

1 RhlYPE 

: CTLl s 

, SEBLM 

, ULIN 

HOB 1 

BBC 

COURSE 

0 

blocked ’ t 

: 4+ 

Present 


13 0 

43 

Transfu'Mid 4 times, now living and 
well 

Tranafu*pd 4 times now living and. 

0 

Ilh (Dee) 



4+ 

20 

06 





{Sth day) 


well 

0 ' 

blocked t ' 

7+ 

Present 

a+ 

13 0 

38 

Replacement transfusion, now livinf. 








and well 

0 , 

rh (dCo) 

i 

i 

Ncg 

120 


Lmng and well 

0 ' 

Rh#{Dco) 

1 + 

None 1 

If 

15 0 


50 da^a po^t partum Hgb 10 Gni , 
antigiohulin iiC(,ati\c now living 




i 




and well 



Undei 

ivcred ' 

I 




Living and well 

0 


Outcome 

unknown 





Hh,(DCc) 

1+ 

None 

1+ ! 

Normal 


Transfused once now livniL and 

VB 




liimts ' 


well 

Bh (DCo) 

a+ 

None 


17 0 


14 (lavs post partum If^b 9 S 






I\BC 3 1 antii,lobuIm 1+ 
trinsfuael once, now living and 










well 



Uiideb'cred 

1 
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Tvble IV Case 1 


POST 

A VTAL 

DAY 

ANTI 

GLOBUT IN 

TEST 

HGB 

(GM) 

R B C 
(MIL 
LIONS) 

WBC 

NORMO 
; BLAST 

RETICU 

LOCYTES 

COilMEiNTS 

1 

4+ 

13 6 

43 

21,600 

9% 

8 6% 


2 

1+ 

13 6 





1 

3 

1+ 

13 7 





Discharged 

16 

4+ 

88 

28 




Readmitted, 85 c.c 








transfusion 

17 


10 7 





85 c c transfusion 

20 

4+ 

10 2 





85 c c transfnsion 

21 

4+ 

12 0 






22 

4+ 

14 8 





85 c c transfusion 

23 

4+ 

14 0 






24 

4+ 

13 6 






25 

4+ 

13 6 






27 

4+ 

17 0 

54 

5,300 

0 



51 

1+ 

99 






71 

Neg 

11 0 







As in the first infant, the intensity of the antibody coatuig of the red cells seemed to 
parallel the clinical course It is of interest that the mother of this cluld lost her four pre 
Tious children from erythroblastosis Her ninth and tenth children were seierel) jaundiced 
and lived for six and twelve days respectively Her eleienth and twelfth pregnancies term 
mated in nine months with stillbirths 


Table V CiSE 2 


POSTNATAL 

ANTIGLOBU 




DAY 

LIN TEST 

HGB 

BBC 

COMMENTS 

8 

4+ 

20 

610,000 

150 cc transfusion (whole oiood; 

9 

1+ 

20 


35 c c washed cells 

10 

1+ 

14 0 


70 cc washed cells 

11 



16 

3+ 

18 8 


Patient dehjdrated 

19 



120 c c whole blood 

21 

29 

Neg 

Neg 



Peripheral blood appeared entirely Rh 




negative 

31 

1+ 

13 5 

i 

Patient clinically w eU 

38 

Neg 

13 0 ’ 


Discharged, livmg and well smtv 


I 1, f] Tfc 

Case 3 — This infant also \\as described as clinically normal at birtii I rriobuhn 

was 12 0 grams, with a red blood count of 3 8 million per cubic millimeter 
reaction was 4+ Eed cells from the cord as weU as from the baby’s perip 
were completely "blocked” and the cord serum contained mcomplete was 

of our experience with previous similar cases, a replacement transfusion o 
given on the first postnatal day Antiglobulin reaction after the transfusion f 

the tlurd day hemoglobm had risen to 16 4 grams with a weakly Jio'pda' 

Thirty days after the replacement transfusion the babv was discharged and a 

with a hemoglobm of 11 2 grams, red blood count of 4 0 million per cu ic m 
negative antiglobulin reaction. The baby has remamed well since 

t 

Case 4 — This child was clmicaUy Elio negative (dCe, rh') and reaction oo 

by the maternal antibodies wluch were anti D (Elio) m specificity An i^^^ hcmogloho’ 
cord cells was negative and the infant remained well despite a somew a^^ juothi-r 
(12 6 grams) at birth It is of interest that on a six week post partuni .a p 
blood, anti rh' (anti C) agglutmms could be demonstrated 
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Case 5 — This baby was born of a mother pos‘?C'^smg a very Ion incomplete Rh antibody 
titer \t the time of birth the babj appeared normal and has remained so Its hemoglobin 
was J5 6 grams and the antiglobulin reaetioii on cord cells was only 1+ There were no free 
antibodies demonstrable m the cord serum On the fiftieth post partum daj the hemoglobin 
had dropped to 10 0 grams and no antibodies could be detected on the surface of the red 
cells 

Case 6 — \s yet undelivered 

CvsE 7 — This was a normal full term child which has remained well according to the 
mother This child was not available to us for testing 

Case S — The outcome of this ca e is unknown to us but becau e of low paritj and the 
low titer of incomplete antibodies m the third tnmester, experience indicates that this cluld 
probablj was not affected 

Cases 9 10 and 11 — These are tnc cases observed in Caucasians and are listed onlj 
because they occurred within our present senes 

DISCUSSION 

Because of om findings thTt Ncgiocs ctii be apparently immunized 
against Rli uitli the same fiequency is Caucasians ue pioceeded to check our 
hospital statistics for clinical erythioblastosis in tlie two laces ovei a peiiod 
of eight yeais These findings aie summaiized in Table VT 


T\nLE VI 


1EAR 

numder op hospit\l c\ses or 

ERYTHRODt.ASTOSIS PETALlS 

TOTAL HOSPITAL BIRTHS 

CXUCASIANS 

NEGROES 

CXUCASlANS 

NEGROES 

1041 

0 

0 

097 

639 

1942 

0 


828 

823 

1043 

0 

0 

980 

850 

1944 

5 

0 

1 064 

825 

1945 


1 

1 267 

052 

1946 

2 

0 

1 490 

1 222 

1947 

7 

1 

1 64D 

1 522 

1948 

10 

5 


1 870 

Total 

29 

7 

9 500 

8 931 


Piom Table VI it can be seen that over the eight year period erythio 
blastosis was diagnosed in Caucasians at a latc of 1 out of approNimately 300 
biiths Pen the Negroid laces this figure, however was on]/ 1 in 1 300 eases 
The latio of fiequency betweeu the two gioups is 1 4 It can also be seen that 
as the yeais passed the fiequency of the diagnosLS lose Avith incieasmg knowl 
edge of the Rh factor The majouty of cases haae been diagnosed during 
the past two ycais o%ei which peuod oui study has evtended 

The incidence of ei> tliroblastosis leported by vaiious authors ranges 
from 1 150 to 1 568 (see Table VII) with an aveiage incidence of about 
1 300+ However it is to be noted that in most statistics cited the Negio 
cases have been included in the total group 


TVBLE Vir InCIPENCF op Ep\TlIROUr«\STOSlS 


VI THORS 


INCIDFSCE 

l)iamoDd3 


! 1 1 )0 

lender Ponder and Lev mo* 


1 169 

'^chwnrtz nnd I evine' 


1 200 

I otterfl 


1 2j2 

Javert 


1 43S 

\\ oUc8 


1 508 
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In oidei to ascextain whethei the difficulty in finding cases of civthio 
blastosis 111 Negioes Avas shaied by othei institutions, a questionnane* was 
sent to seven depaitments of pediatiies in legions with laige Negio popula 
tioiis Foni of these institutions lepoited cases and gave the fieqiiency of 
Negio biiths These aie summaiized in Table VIII 


Table vni 



CASES OP EBYTH 

ROB! ASTOSIS 
FETALIS, HYDROPS, 
OR ICTERUS GRAVIS 
IN NEGROES 

DUE TO Eh? 

NUMBER OPNEGFO 
BIRTHS 

1 Duval County Hospital, 
Jacksonville, Fla 
(H A Canthers) 

None 


488 per jr 

2 Tulane University, 

New Orleans, La 
(B V Platou) 

5 

Yes, 2 due to AB 
incompatability 

6,000 per jr 

3 Duke University, 

Durliam, N C 
(G Taylor) 

1 

Yes 

535 per yr 

•1 Louisiana State University, 
New Orleans, La 
(11 E Wegman) 

3 

Yes, also Hr 

6,500 per 2 w 


♦Thiough courtesy of Dr Lee D Sutton, Jr Professor of Pediatrics Medical College of 
Aaiginia 


In this suiA’’ey seven eases aie lepoited out of 13,523 bnths if one takes 
into account only those hospitals ivhieh stated then incidence of Negio bnths 
and only those eases Avhieh weie pioved to be due to Rh incompatability This 
fiequeney of about 1 in 1,900 bnths appioxiniates the incidence in oui institu 
tioii (1 1,300) 

It leinains to be explained Avhy only one case of eiythioblastosis is chag 
nosed in 1,300 bnths if the late of immunization to the factoi Eb among 
Negioes is 1 in appi oximately 330 (0 3 pei cent) 

As stated by Levine,'’ the tiue incidence of eiythioblastosis fetalis 
111 any given population can be expected to be piopoitional to the 
of negative leaetions ivith aiiti-D (Rho) serum That this appaieiitly o s 
fot immunizations against the Rh factoi can be seen fioni oui figmes (sec 
Tables I and II) The leasons foi the failuie to find the expected luimiei o 
cases of eiythroblastosis in Negio infants aie piobably numeioiis 

Pnst, not all immunized motheis will have sufficiently potent antiboci 
to pi odiice clinical symptoms 111 then offspi mg ^ 

Second, a ceitain pioportion of these motheis ivill have Rhneo*'* 
unaffected ehildi en 

Thud, the pigmented slan makes the diagnosis of icteius and anenii 
difficult ^ 

Poiiith, in oni institution Negio multipaias usually stay m j.p,jio\e 
foi only twenty-foiii to foity-eight houis aftei deliveiy, ivhich wi 
then offspi nig fiom clinical obseix’-ation duinig the time symptoms 
imlop (Cases 1 and 2) 
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Fifth many stillborn infants are not autopsied, and eiythroblastosis is 
pzobably undiagnosed 

Sixth, because maihed jaundice ^ as unusual iii oui giouii and se\ere 
aiemia iTthei common, man> cases may Iia've been diagnosed in the past as 
anemn of tlie new born 

Whether oi not the disease is acfuallj less seieie in Negioes cannot be 
ucei tamed fiom tins shot t senes 


SUMMARl 

On the basis of a study of 3,115 consecutive obstetiic clinic patients of 
uhich 86 pel cent weie Negioes presumptne eiidenee is submitted that Rh 
negative Negroes aie sensitized at the same late as Caucasians The total 
mimbei of sensitized patients is shoun to be directly piopoitional to the fie 
quene> of the Rho negatne reaction in a gnen population The incidence 
of affected Negio ciuldien in our senes uas about 1 900 piegnancies Reasons 
aie suggested foi the failure to diagnose eijthroblastosis in Negioes at the 
expected late 

We insU to thank Dr IT H Wart Jr Professor of Obstetrics, and Dr Lee E 'button, 
Jr Professor of Pediatrics, for their kind permission to use the easi-s cited 
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NEBULIZED PYEIBENZAMINE IN NASAL AND BEONCHIAL 

ALLEEGY 


Saaiuel 51 Feinbekg, 51 D , and Theodore B Bernstein, 51 D 

Chicago, III 


T he usefulness of the antihistamine cliugs in alleviating the symptoms of 
nasal alleigy is now well established It is the geneial expeiience, howeiei, 
that inany' patients tail to be lelieved and ceitain symptoms, such as blocking 
of the nasal passages, aie paiticulaiH lesistant to these dings Among pos 
sible explanations foi the failnie to achieve the desiied eftect by oial theiapi 
is that an insufficient eoneentiation of the compound leaches the naml tissues 
The toMCity of the piesent senes of antihistamine substances hunts the 
amount which may be given oially to pioduce a highei nasal eoneentiation 
Since in eailiei investigations we demonsti ated’ ” that small quantities of the 
antihistamine compounds when applied to the skin would inhibit the Ins 
tamine and allergic leaetion, it ivas consideied likely that the topical use of 
these diugs would be effective in skin* and lespiiatoiy alleigy 

In 1945 we began to expeiiment with nasal diops of antihistamine chugs 
5Ve found that a eoneentiation of Pyiibeiizamine as low as 0 5 pei cent v as 
iiiitating to the nose and paiticulaily the phaiynx of many patients Kecent 
lepoits* * claimed favoiable lesults with such chops The oichnaiy nasal 
spiay was also objectionable foi similai leasoiis, although both techmques 
weie helpful in some instances 5Ve finally adopted the tecliniqiie of admin 
isteimg a nebulized solution fiom a nebiilizei (DeVilbiss No 40) with an 
attached nasal piece This piovides an aeiosolized mist which is nomiiitatnig 


and reaches the nasal and phai yngeal tissues most i eadily 

A 2 pei cent buffeied solution of Pyiibenzamme was found the most gen 
eially useful eoneentiation These topical tieatnients weie not employed 


lontmely foi the lelief of •‘•easonal hay fevei oi alleigic rluiutis, but weie co 
fined to those patients who eithei weie not getting sufficient lesults fioni oia 
aiitihistanime theiapy oi who could not toleiate the lattei A nunibei o 
these patients owed then lesistant nasal obsti action to the lepeated use o 
topical vasoconstiietois Although at times the effect of this iiehubzation was 
immediately noticeable, nioie commonly it was not appaieiit until latei, 
paiticulaily aftei seveial tieatnients had been given In othei woics, 
action of this theiapy in these seveie eases of nasal congestion is moie o 


pieventive natiiie and leciunes lepeated admimsti ation t i If a 

A nebiibzed mist of 2 pei cent Pyiibeiizamine, released by abou la 
dozen squeezings of the bulb of a DeVilbiss No 40 nebubzei, an 
eveiy tivo oi thiee hoiiis, pioduced benefit in twenty-seven out of t n 
patients with the type of nasal congestion desciibed This lelief hac no 
obtained m the same patients with the oial use of Pyiibenzamme oi 

From the Department of Vlediclne Division of Allergy and the AUergy 
tor> Northwestern University Medical School 
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antihistamine eompoinids Of tivo patients who failed to lespoiid to i 2 pei 
cent solution one lespoiided to a 5 pei cent eonceiitiation It should be ena 
phasized that the effect of a asoennstricfiiig (hops is mote niaiketl and more 
dramatic than this theiapv in lelieanig nasal obstiaiction IIoMeaer the 
itimkcd congestion whieh fieQueiitly follons the sht inking effect of the le 
peated use of potent vasocoiastiutois is a peinltj which fieqiiently is le 
sponsible for the contimiation of the nasal blocking The topical antihis 
tanune therapy docs not piodute this deleteiious effect and foi that leason 
IS prefeiaWe in these difflcult easts 

In bionehial allcigj the aiitihisfaniine drugs oiallv aie much less ef 
fectne than in nasal alleigj 401110 01 scaeic asthma is almost nevei lelieved 
fay these drugs nhile modeiate nheezing maj be helped In spasmodic cough 
due to bionehial allergi iiithont el)s|iiiea these compounds oially are ef 
fcctive in about one thud of the patients riom 0111 c\peiieiice avith topical 
fieatmeiit 111 these cases iie ha\e the feeling that heie too the major dilifi 
cult) piobably is the pieseiite of a gieatei amount of a ehcmieai mediatoi than 
can be combated by 01 al admmistiation of antihistamine drugs We have 
employed aerosols of aaiious antihistamine drugs nsmg varjing stiengths of 
solutions and various methods of application Heie we nish to reeoid briefly 
only the results with Pjaibciizaiiiine solution as iielmli/ed with the oidiiiaij 
hand nebiihzi.i 01 osageii pussuie 

Out of fiftj seaen patients avith asthma, most of avhom did not lespond 
to Pyribenzamiiio bj mouth ten ol tamed effectiae lelief and thiitecn had 
slight relief avith a 2 pei cent Paiibeiizamiiie aeiosol It should be einpha 
sized that the aast imijoiitv of this gioup aveic ambulatoia patients appeal 
mg at the office and piesoiiting a modeiate lathei than severe asthmatic state 
A 1 per cent aerosol avas effeetiac m tbiee out of eight patients aahile a 5 
per cent aeiosol aaas effectiae in fiae out of nine patients The spasmodic 
cough avithout dyspnea appealed to icspoiid better than the tme asthma 
tiaclae out of sisleen patients iiitting faaoiablj In most instances tins 
tape of theiapy avas less effectiae tlian lerosol tlieiapj avath epiuephrrae 01 
isopiopyl epinepluine In seaiial eases of cough the antihiatanuue aeiosol 
gaac hctfei lesults than tiitsc hioiichodilatois Ihe main adaantige of the 
use of the aiitihisfauiiiic diiigs ba aeiosol lioaaeaei lests on the much loaaei 
tOMcity ot these sohitioiis and then eoiiseqmiit safety 111 fiequent use as com 
paied aaith the othei aeiosols iiid the antihistamine diugs oialla 

suatai ana 

The lesiilts of tlic iiiplitation of aeiosolizcil 2 pci cent Pjnbeiiznmiiie 
solutions to the nose and bronchi indicate that this is a useful adjunct method 
in the tieatmeiit of sekated c isis of nasal anal bionehial alleigj 

KEl’ERFNCES 

1 lried}Qen<ler 3 and Fci/ibcrg S 31 Histamine Vnta;,omstH III The F/Tect of 
Oral and Local tT'ie or /? Bonzhjdrjl Ether Ifjdroclilorido 

on the ^Vhca^lng Due to Vnti^^n Vatibody Reactions and Other WhpiJ 

ing Afc’chaniam? Therapeutic Le^ulta m Allergic Mamfcatationa T 17 
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THE ADAPTABILITl OP 3IICE TO THE LABOEATORr 
DIA&^OSIS OF TUBERCULOSIS 

Eobekt a Patnode, JI S * AIarten il Cummings, JI D ,t 
AND Georoe A Spewvoye, 3 LD f 
Atlantv, Ga 

T he mouNe 13 oidmaiilj consideied to be resistant to induced tubeiculous 
lulection In re\ie\ving the htcratuie one is at once inipiessed bj the lack 
of detailed iiifoiniation regarding expenmcntal tuberculosis m mice Jloieoier 
leports bj the vaiaous investigators reieal a wide diieigence of opinion lelative 
to the eNistence of am reliable and constant characterization of the infection 
ui these animals ’ 

Recent studies bate stimulated mteicst in the possibiliti of usmg mice for 
the eialuatioii of antitubereulosis agents” ” ” and foi the identification of vini 
lent acid fast bacilli The lattei im estigatious conducted by Dubos and asso 
elates,*® '* hate shotvn that pigmented (luie 1 dba and C 57) strains of mice 
appeared to be more susceptible to tuberculous infection than otbei strai^is 
ovamuied and, moreoter touiig cultures growi diffuseh m certain liquid media 
noro found to be ostremelt mfectue foi the nnce It was observed too that 
deficient fcom meal) diets ” and also concurrent infection with pneumotropic 
viruses '* appeared to accelerate the course of pulmonai'j tuberculosis in mice 
In light of this recent work the Tuberculosis Evahiatiou Laboratory has 
undertaken a series of esperiments designed to evaluate the leliability of mouse 
inoculation tests with special emphasis upon their usefulness m the rontme 
laboratorj diagnosis of tubeiculosis 

MATFKHLS ANO JIETHODS 

Alice — Mice of the Co7 block and dba strnina'® were obtained from Eockland Farms 
and at the time of inoculation varied in age from 2 to ll ueeka Immediately after mocula 
tion the mice were placed in ineta! cages with wood shapings and wire mesh tops in most 
instances four or <ix animals per cage In the prehminarj experiment to be reported and 
for general naamtenance the mice were fed regularly a diet of mouse pellctst and water, 
but in all subsequent experimental work com meol*T nns substituted at the time of 
inoculation 

Cu^urfs— For preliminary work >n the doelopment of techniques, standard strains^ of 
human {H37 R\ ) Uomdo (Ba\enol) and avian (Kirchberg) tubercle bacilli were used 
Thc-so stock cultures were maintained in a Tween albumin raediumj} patterned after the 
b ]uid medium of Dubos o in which, after sjjc to sexea days, growth appeared as a diffuse, 
fairl} homogeneous suspension containing 0 2 to 03 mg of bacilli (dry weight) per milh 
liter of medium Saprophytic acid fast bacilh ivere used in certain of the eipennients us 

„ Prom the Tuberculosis Section Communicable Disease Center U S Public Health 
Si’n/ce. 

Recehed for publication. Ma> 11 1S-J9 
Senior Assistant Sanitarian (R) 
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JRockland ifouse Diet from Rockland Farms, Nev. cit> N Y 
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controls, nnd these consisted of organisms receiitlv isolated in tins laboratory from sputum 
specimens They were aiirulent for the guinea pig The timothy bacillus (Mycobacterium 
phlei) was not used in mouse infection tests imohing the liqmd medium, since obseri ations 
here had shomi it to groir in a nonacid fast form A similar observation has previous,!) been 
reported by Dubos and co norkersi'' in legard to another avirulent strain (H37 Ea) One 
BCG (Holm) stram was also used, as nell as several organisms recently isolated on modified i 
Lowenstein 's medium from sputa and gastric n askings 

Inoculation and Autopsy — Cultures grown difEuselj in the hquid medium nerc inocuhted 
into mice in 0 05 ml volumes, either directly or diluted to the desired dosage nitli sterile 
saline The modes of infection utilized were (a) intiav enouslj in the tail vein or (h) 
intracerebrallv in the left hemisphere while the animal was under ether anesthesia 
Growth from the surface of Lowenstem slants was prepared for mouse inoculation bv 
grinding a weighed sample in a sterile mortar with sterile saline in such a manner that 
the desired dosage was suspended in 0 05 milliliter Autopsies were performed on all 
animals djiiig during the experimental period (these deaths were attributable, in some 
part, to intereurrent infections) as well as on all survivois, the latter being sacrificed at 
the conclusion of the experiments, usually one to four weeks after infection Evaluations 
of virulence were based upon the abihtv of the organisms to proliferate and invade spleen, 
lung, liv er and, in the case of intracerebral inoculations, brain tissue Tor purposes of 
these evaluations, impression smears weie prepared from the organs listed and stained 
bj the Ziehl Neelseu technique, special care being taken, in the case of brain tissue, to 
piepaie smears from the cerebral hemisphere opposite the site of inoculation so that some 
measure of the degree of spread of the infection within the brain would bo available 
Arbitranlv, three lengths of each smear were examined micioscopicallj and a record was 
kept of the total number of acid fast bacilli seen To express more graphicallj the extent 
of the bacterial invasion, the following microscopv code was adopted, based upon the 
tot il bacterial count 


1-20 = + 

21-50 = ++ 

51 - 100 = +++ 

101 or more = ++++ 

Gross lung lesions weie designated as being either present (+) or absent (-) 

In all instances in which the virulence of the organisms had not been determined 
prev lOusly, guinea pig controls w ere inoculated simultaneous!) in the right thigh bv 
subcutaneous route The extent of infection was recorded in the following manner, a 
cording to the distribution of gross lesions noted at the time of lutopsv and coiifirniei 
the demonstration of aeid fast baeilh microscopic illv 


Inguinal l)mph node = Tub 1 

All Ivmph nodes == Tub 2 

Lymph nodes + spleen = Tub 3 

Lymph nodes + spleen + liver = Tub 4 

L)mph nodes + spileen + livei + lungs = Tub 5 


Experiment 1 — The first experiment was set up with the purpose of deriving a =tan 
technique of mouse inoculation and autopoy for use in subsequent experimental wor 
Twent) four dba mice, 10 to 11 weeks of age, were used, half of which were 
intrav enousl) and half intracerebrally 'Within each senes of twelve mice, six 
0 01 mg and six, 0 0001 mg of an H37 Bv culture grown in the Tween al umm^ 
and injected in a total volume of 0 05 milliliter In this preliminar) lo 

reasoned that it might be of some value for future comparisons with mice 
the deficient diet, to maintain the present animals on regular mouse pellets -■ 
of one, two, and four weeks, tw o mice in each senes of six were killed an au 
lungs of all animals were examined carefully for gross lesions, and at t le sa 
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preaaioa smears of luag tissue woro stained and examined for the presence of acid fast 
bacilli Supplemontari smears aero prepared of brain tissue in the ease of those mice 
inoculated intracerebral!} and of spleen and brer jn those inoculated latrav enoiialj 

Results of Expel imeiit 1 liesultb piescnted in Table I reveal that bacilli 
inoculated nitravenoualj in a dose o£ 0 01 mg ean be recovered in lung liver 
and spleen smears as earlj as one vteek after inoculation Lung smears bow 
evei, appealed to be mfeiioi fiom the standpomt of tlie number of oigamsnis 
that could be demonstrated early (one to two weeks) ui the disease With the 
smallei dose (0 0001 mg) there was noted a marked supenontj for spleen 
smeai's the onl} oigan m winch bacilli could be detected m one week This 
supenoritj was present fanlj consistently through the entire experiment 


Tvmx 1 Besccts op the Isrccriav op dba Mice Witu VmuCEsr (H3r Ev) ToEtBciE Bacitw by the 

INTIUVEAOUS KOUTE 


VOHB 
(UO ) 

N1 M 
BEr 

OE 

UlCE 

AUTOrSt Ftwisos* 

1 VVK 1 

, 2 WK 1 

4 WK 

1 LESO ■ 

speeen 

LIVER 

GROSS 

LUNO 

LESIO'58 

LUNO 

BIPIXBN 

LIVER 

' GROSS 

1 LUNG 
LESIOSS 

i 

LWO 

1 

i 

IsfLEEH 

1 

} 

Lrmt 

! GROSS 
' LUNG 
LESIONS 

0 01 I 

6 

+ 

++-W- 

++-H- ' 



+-hH- 


- 


1 -H-H- , 


- 

+ 

•W-++ 1 

•M-++ ' 


+ 

++++ 

+++-»• : 

- 


++++ j 


- 




■ 


+ 


- 

+ 

+ 1 

+ 

- 


++++ . 

4- j 


- 

+ 

- 

- 

- 

■1-+++ 1 

+ 

- 


■H'++ : 

+ i 



iop cJkplanatlon of sjnibola see text 


The results of the intraeei ebral inoculations are summariaed in Table II 
As m the case of infection bj the mtravenous route, the initial tune of appear 
auee of pulmonaiy involvement was in fairly close relationship to the size of 
the inocnivim Hovvevei invasion of the cerebral hemisphere opposite the site 
of inoculation was detectable in the first week regardless of the dosage 

It will be noted that m none of the mice could macioseopie lung lesions he 
demonstiated nor were theie anj deatlis as a result of the tuberculous infection 
On the basis of results obtamed iii this preliminaiy study the intiacerebial 
lonte of inoculation was adopted in all subsequent experiments since bj tins 
method pulmonarj involvement was shown to take essentially the course oh 
served aftei infection bv tlie intiaveiious route Moreovei the former technique 
was prefened because of the lelative case and lapidity with which it can be 
pel formed 


Tvole II Eesucts op the ispection op dbv Mice With Vinv eeet (1137 Ev) TunEitcLE 
BACJUJ aV the iNTRACEfiEaavE Eooie 


DOSE 
(MO ) 

INLMBER 

Oi 

MICE 


1 wn ] 

1 ... . 2 WK ] 

1 4 HK 

1 UfLllV 

■ LL^G 

GROSS 

LV>0 

LESIONS 

BRUV 

LUNG 

. GRObS j 
1 LUbO j 

lesions! 

1 

BRAIV 1 

LUNG j 

GROSS 
LUNG 
LESIO 3 

0 01 

0 

1 ++-M- 

+ 

- 


+ 



++++ 


1 ++++ 

+ 

: 

+-M-+' 

++ 


+ 

■M-+ 


0 0001 

0 


- 

- 1 

- 

+ 

i ■ ~ ' 

++ 

- ! 



- 


+ 

+ 

1 - 

t i 




Por explanation of sjmbols see text, 

tOna mouse Uled la four hours and v.aa stirwlNOra ao that no tissue 

examination \sa8 possible* 







1084 


PA.TXODE, CmiJIINGS, AXD SPEXDLOra 


Experiment 3 — In tins experiment an attempt nas made to deteinuue (a) wlietlitr 
tubercle bacilli of all three tvpes are virulent for the mouse^ and (b) whether there 13 anv 
perceptible difference between the three tjpes in respect to their mouse pathogemcity loung 
(7 daj old) cultures growing diffusely in the Tween albumin medium were used throughout 
Strains of tubercle bacilli tested consisted of an aiian (Kirchbcrg), a human (H37 Rv), a 
boMue (Kaxenel), and an acid fast saprophyte reeently^ isolated from sputum and aMiulent 
for the guinea pig With each strain, six mice of the Cd 7 strain, 4. weeks of age and mam 
tamed on a diet of corn meal and water from the tune of infection, were inoculated intra 
cerebrally with 0 05 ml of undiluted culture (approximately 0 01 mg dry weight) At 
one , two , and four week intervals some of the animals were sacrifieed and autopsied, at 
which time the lungs w ere examined for evidence of gross lesions Impression smears were 
prepared of brain, spleen, and lung tissue Five of the twenty four mice died during the 
experimental period 

Results of Expel iment 2 As indicated in Table III, all thiee niiilent 
types piodueed much the same pietnie on autopsy As early^ as seven days theie 
weie signs of maiked imiltiplieation of tiibeicle bacilli in the biaui tissue and 
an invasion of the spleen In tno weeks bacilli weie piesent in laige numbeis 
in the lung smeais of all animals examined, but only in those inoculated with the 
bonne stiain weie theie giossly visible lung lesions These lesions appealed 
til St 111 those mice killed at the end of two iieelcs In none of the six mice mocu 


Table III Eespoxse of Co7 Mice to Ixoculatiox Mith Virulext (Bovine, Human, 
Aviax) AXD Saprophitic Acid past Bacilli bt the Intracerebral Route f . 



•For explanation of sjmbols see text nmlatlon 

■fD— death K=killed tlie numeral indicates the number of dajs after n 
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lated ivjtii the sapiopinte was if possible to recover acid fast baciUi bi smcai 
fiom the spleen oi lung and oiih an occasional organism iias obseived in the 
brain tissue 

The lesnlts presented in Table III meal, then, tint the C57 mice neie sus 
eeptible to the thiee tipcs of vinilcnt fnbcrcle bacilli inoculated intiaceiebiallj 
Anj eonolusioii, honevei legaiding the adaptability of the mice to the tape 
determination of tubeiele bacilli could hardlj bo justified on the basis of the 
present findings Theie neie ohseivabic diffcienccs from the standpoint of 
eel tarn cnteiia (deaths, gioss lung lesions, relative numbers of bacilli and their 
time of appeal anee) but these were not thought to be significant enough for 
tvpe difftientntion 

Experimmt S — In tlie foregoing expenroents the results appeared to be encouraging 
enough to ^rarrant further mvcahgntwna particu)nr}y in ivspeet to a search for a practical 
application of mouse infection tests in the routino laboratory diagnosis of tuberculosis 

Itost laboratories todav utilize the classical ^olid egg media, or modifications of 
them, in the primary isolation of tubercle bacilU from pathologic material In order to 
simulate routine conditions all cultures tested in the experiment to be described vrere 
grown on a modified Lowenstem medium as recommended bv Holm^i In alb tweutr firo 
strains of acid fast bacilli were studied and these included twenlj pnmarj isolations from 
sputum specimens and one from a gastric washing For purposes of control cultures of 
standard human (H37 Ev) bonne (Ravenel), saprophitic (timothy), and attenuated mam 
malian (BCG, Holm) organisms wvre also included Mice of the Co7 and dba strains 
(“ to 10 weeha of age) were inoculated intracerebrolly with 0 01 mg of bacilli suspended 
in 0 05 ml of sterile saline Guinea pig controls received tlio same dosage subcutancouslj 
lu the right tlugh The mice rvore maintained on a diet of corn meal and water from the 
time of infection, three to four animals of the same age and strain being used for each 
of the twenty five cultures 

As showi in Table IV bacjlli cultivated on the sobd medium appealed onlj 
in the bram tissue of certain of the mice saciificed at the end of one week This 
sug:feested that these animals might have been lolled piematuielj and for that 
icason the peiiod of infection foi suivivoi-s, was extended to tv\ent)-ont dajs in 
the remaindei of the evpeninent At the time of autopsv, impression smears 
^vclo made of biam lung and spleen tissue and a iccord \vas kept of the presence 
of macroscopic puhnonao lesions The guinea pig eoiitiols ueie killed and 
autopsied at the end of si\ v\ eeks 

Results of Expenment 3 Tabic IV showb that twentv one of the tuenty 
five strains studied pmed to be virulent foi the guinea pig according to the 
usual ciitena lu the mice which had lecened the conesponding organism in 
tlio same dosage, theie was, in general evidence of bacterial proliferation VMthin 
tho biam tissue as well as an invasion of spleen and lung It will be noted, 
however that there occuiied some nniked inconsistencies at autopsy within 
gioups of animals which had leceived the same cultuie in suppo-sedlj tho ssnie 
dosage This phenomenon had been obsened, but to a lesser e\tent in the 
precedmg expeuments Of the factors v\hich might be postulated to hive had 
some healing on these discrepancies, aiiv one or a combnntion, of the follownng 
might conceivabb have been responsible (a) inconstant dosnge liecausc of the 
presence of tiumps of ImtilU in both mcclnmeallj tiitiuated suspensions and 
cultures growing diffusclv m IkiukI modn*®, (b) the impossibilitv , in inln 
cerebral inoculations, of depositing organisms m the same position witlim the 
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Table IV Relative Virulence, for Mice and Guinea Pigs, of Cultures op 

Acid past Bacilli 



age Of 

1 MICE 

1 GUINEA PIGS 

CULTURE ’ 

CUL 

TORE 

(DAYS) 

DAYS 
UNTIL 
AUTOPSY f 

BRAIN 

LUNG 

SPLEEN 

GROSS 

LUNG 

LESIONS 

DAYS 

UNTIL 

AUTOPSY) 

iUIOlNT 
OF TUBE? 
CULOSISl 

H37 Rv 

21 

K 21 

+ 

- 

- 

-- 

D 35 

Tub 3 



K 21 

++++ 

+ 

+-H- 

— 





H 21 

++++ 

- 

++ 

-- 





K 21 

++++ 

+-H-+ 

++++ 




Bovine 

(Ravenel) 

11 

D 16 

K 21 

K 21 

++ 

■B 

++ 

++ 

+ 

+ 

K42 

Tub 0 



K 21 

++++ 


+ 




Timothy 

b 

K 21 

K 21 

- 


- 


K42 

- 




- 

- 







K 21 

- 

- 

- 

- 



BCG 

(Holm) 

34 

D 13 

K 21 

K 21 


- 

- 

: 

1x42 




K 21 

+ 

- 

- 

- 



S 1045 

36 

K 7 

K 7 

- 

++ 

-H-H- 


b:42 

Tub 3 



K 21 

++++ 

- 

++ 

- 





K 21 

+-H-+ 

+ 

+++ 

- 



S 1058 

1 

35 

K 7 

K 7 

K 21 

K 21 

+ 

•H-++ 

++ 

++++ 

+ 

■ 

■ 

1x42 

1 

Tub 3 

S 1074 

32 

K 7 

K 7 

+ 

++++ 

- 

+ 

- 


Tub 3 

1 


K 21 

K 21 

++ 

++ 

++++ 

++ 

+++ 

+ 


■1 


S b04 

48 

K 7 

K 7 

- 

- 

- 

~ 

K42 

- 



K 21 



i *" 






K 21 

1 - 

- 

- 

- 



G 55 

60 

K 7 


- 

1 ■" 

- 

k:42 



1 

D 7 

+ 

- 

- 

- 


mi 



K 21 

K 21 

++++ 

-l-H' 


++++ 

+ 

— 


— 

S 1165 

25 

K 7 

++ 


- 

- 

K42 

TUD J 


i 

D 7 

++ 

- 

- 

— 





D 15 

K 21 

+-H-+ 

_ 

++++ 

+ 





S 701 

29 

■ 

+ 

+ 

++ 

+-H' 

- 

- 

- 

1x42 


S1113 

34 

K 21 

++++ 

++++ 

+ 

- 





K 21 


- 

+ 

-* 





K 21 

K 21 

+++ 

++++ 

+ 

+-HH- 

+ 

+++ 


. 


S 1133 

30 

K 21 

K 21 

K 21 

K 21 

++++ 

+ 

+++ 

+++ 


+ 

+ 

+ 

- 

K42 



•S=sputum specimen G=ffastno specimen inocuiallo” 

tD=:death K=killed the numeral indicates the numbei of dajs after 
^For explanation see text 
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T \BJ E I\ — CONT D 


CULTDRE 


MICE 1 

GUINEA Firs, 

CUL 

TUrE 

D^'iS 
UVTIL 
^\.Tnps^ i 



SJ EELN 

OBOSS 

LUNO 

LESIONS 

PUS 
UNTIL 
AUTOPSY ] 

1 AMOUNT 
OPTUDEh 
CULOSX9} 

S 1122 

34 

K2i 

++++ 

4444 

4+4 

- 

K12 

Tub 3 



K 21 

++++ 

4444 

4+4 

- 





K 21 

++++ 

4 

4+ 

- 





X21 

+++ 

+444 

4444 

- 


t 

S1140 

30 

K 21 

+4++ 

4+++ 

4+++ 

4 

R42 

! Tub 5 



K 21 

++++ 

+44-4 

4444 

+ 





K 21 

+ 

4 

44 

- 





K 21 

- 

- 

- 

- 



S IHO 

34 

K2l 

4+++ 

+ 

4 

- 


Tub 1 



K 21 

4+++ 

4 

4 

- 

D 26 j 




iv21 

_ 

~ 

4 

- 





Iv21 

4++-b 

1 44+4 

444 

“ 



S1026 

29 

K 21 

4-H-+ 

+ 

444 

- 

R43 

Tub 3 



K21 

444+ 

- 

444 

- 





K2l 

44++ 

- 

+ 

; - 





K 21 

4+4+ 

i 

+ 




S1226 

33 

K 21 

+4 


44 

- 

! K4- 

Tub 1 



K 21 

444- 


4 

- 





K 21 

4444 


4+ 

“ 




23 

Iv 21 

*4+4 

- 1 

« 

- 

R43 

Tub 1 



K 21 

4+++ 

♦+4 1 

4 

- 





R 31 I 

4+ + + 1 

4 

+ 

- 



S 1270 

2i 

K 31 

444+ 

4 

+ 

- 

K 43 




K 21 

4 

++++ 

4+ 

4 





R 21 

+ 

- 

- 

- 




i 

K2l 

4+ 

+4+ 

+ ' 

+ 



S1299 

22 

K21 


■Hm 

■Ol 

- 

R42 

Tub u 



R 21 

+ 



- 





K 21 

4+44 



- 





R 21 

4 



- 





K21 

4 

BPif 


4 

R-42 

Tub 3 



K21 

4 


4 

4 





R 21 

4 

++44 

44 

4 





R 21 

- 

++++ 

+ 

4 



81108 

39 

k 21 

4 

+4 

4 

- 

R42 

Tub 3 



K31 

4 

- 

44+ 

- 





K 21 

+ 

4444 

+++ 

+ 



81253 

23 

R 31 

444 

+ 

++4 

- 

R42 

Tub 5 



R 21 

4 

+4+4 

+ 

+ 





R21 

44++ 

4+44 

+44+ 

+ 





R 21 

+ 

44++ 

4+ 

- 




28 

K21 

4+ 

- 

- 

- 

R 12 

Tub 1 



K21 

4444 

- 

_ 

- 





K2i 

44 

4 

+ 

- 





K21 

- 

- 

- 

- 




lu-am of o\en mouse and the relationship this might possiblj haio to tiie nto 
of bacterial spiead (c) the usnnl eiiois of landom sampluig cncounteicd in 
tlie selection of mateiial for smear and in the choice of fields in mieioscopic 
examinations and finally (d) it can be assumed nith some degiec of ccitainfj 
that mice oxen though the} be of the same age and stnin probahlj laiy con 
siderabli in their intn o suscoptibihU to tuberculous infection 

Prom an analjsis of the data presented in Table it can be concluded 
nexcitheless tint m the strains of acid fast bacilli examined and on the basis 
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of the evaluation proceduie established foi the deteimination of patliogemeitt 
111 the piesent study, theie was evidence of close coii elation between Miiileucc 
foi mice and viiulenee as measuied by classical guinea pig tests 

Experiment 4 — The results presented in the preceding experiments indicated that a com 
bin ition of rapid, diffuse culture in a liquid medium, plus subsequent mouse inoculation, 
ould reduce considerablj the time required for the diagnosis of tuberculosis in the routine 
laboratorj Experiment 4 was designed to explore this possibility 

A recent report by Eolej 23 described the successful use of the Dubos medium for tlio 
rapid, primary isolation of tubercle bacilli from various pathologic materials Special 
note, hov e\ er, was made of the fact that the medium supports the growth of a varieti 
of nonacid fast organisms Of considerable interest, then, was the work of Goldie"* in 
which the addition of penicillin (0 5 to 2 units per milliliter) to the Dubos medium was 
adxocated in light of its suppressive effect on the growth of contaminants 

For this experiment a total of nine sputum specimens was selected at random A direct 
smear was prepared of each specimen and a 2 ml portion was prepared for culture accord 
mg to the classical NaOH concentration technique 

With a sterile Pasteur pipette, approximately 0 25 ml of each neutralized (SN HCl) 
sediment was inoculated mto a tube containing 5 ml of the Tween albumin medium, to 
iihich had been added penicillin in the amount of 2 units per milliliter To serve ns con 
trols, identical inocula of each sediment were spread evenly over the surface of two tubes 
of the Lowenstein medium 

After incubation periods of eight, ten, fourteen, fifteen, and twenty one days certain 
of the Tween albumin cultures were prepared for animal inoculation by first centrifupng 
3 ml samples at 3,000 r p m for fortv five minutes The supernatant flmd was diseor e 
and 0 5 ml of sterile saline was added to the sediment Dba mice, varying in age roiu 
S to 11 weeks and maintained on a diet of corn meal and water from the time of moc a 
tion, were inoculated intracercbrallv with 0 05 ml of the saline suspension, four inima s 
being used for each of the nine cultures The experimental period was twenty one 
twenty six day s, at the end of which tune all the mice were sacrificed and autopsie ao^ 
cording to the technique described in the preceding expermicnts Four of the f 
mice died during the observation period Guinea pig controls received 0 05 m 
saline suspensions subcutaneously in the right thigh and were autopsied after an in 
period of six weeks 

It IS interesting to note that a pieliniinaiy examination of tlie diiect 
of the oiiginal sputum specimens revealed that five weie positive foi ad 
bacilli, wbeieas four were negative ^ 

Results of Experiment 4 The lesnlts aie summaiized in Table V 
leadily be seen that penicillin in a concentration of 2 units pei milhhtoi 
Tv\ een-albumin medium was toxie to the tubeicle bacilli contained in t ai 
mental inocula These results stand ur sharp contrast to those of to ^ 
ously descrrbed, but would appear to comude veil vitli the imestiga 10 
Krrby and Dubos'^ xrhieh revealed that small rnocula of tubeic e 
highlv susceptible to concentrations of penicillin as low as 1 unit per 
in Tv een-albumin medium Eeports of results from other laboratories, 
comparative studies have been made, have adnsed against the routine 
licpiid media in the isolation of tubeicle bacilli fionr pathologic 
findings beai out the obseivations of Dubos"' xvho, follovnng a lecen 
of his oxvn medium, concluded that, “It vould appeal unvise 0 0 ^^ 
in final foim the composition of media best adapted foi diagnostic v 
moie is known of the giovth leciuiiements of the difteient stiains 0 
baciUi which occui in pathological material ” 
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Table V Response of dba Mice to tiie Intbacebebe-vl Inoculatio\ oj PniiiARY Sputum: 
Cultures in T\ypls -VijauaiiN Pesicilui» (2 tiNiTa/iiL ) Medium Summakt of 
Results Obtvineb Uxtii 9 Random Sputum Specimens 


Micfioscorv 

(DIRECT aM£.VB) 

ILTOPS'k ilhPIXeS 

lOwessteiv culture 

CONTROLS (VVITUOUT 
PENICILLIN) 

ANIMVLS IXOCLLATED WITH TWEES j 

i ALBl SUN PENICILLIN CULTUBES ! 

MICE 

(21 2b DVXS) 

GUINEA nos 
(42 DV.YS) 

Kumber positive = 5 

_ 

' 

+•* 

Number negative = 4 

i 

- 



Vll fl\G poalthe cultures Nvere shoun to be \lrulcnt human t>pe tubercle bacilli b> sub 
sequent guinea pig inoculation 


PuitJier investigationi, into the possibihtj of demnig a moie peifect com 
bmation of lapid diffuse culture from pathologic material ivitli mouse con 
fimation aiiait then the foimulatiou of a reliable liquid medium uith the 
abilitj to uiitiate growth of muiiinal iiiocula of tuboicle baedli quicklj and 
uiufoimly and of equal impoitance the ability to eliminate all contammating 
imcioorgaiusms 

Expetiment S — The final studs m the pieseiit series was detoted to an 
evaluation of the adaptabilits of mice to the isolation of tubeiele bacilli diieotlr 
from pathologic maternl V sunci of the Iiteiature leveals that in\ estigations 
of this natme hate boon neglected Onh iceenlly” has there been rcpoited the 
auoeessful establishment of a fubeiculous infection in mice by the injection 
intraeerebialh of 0 01 ml of sputum obtained from tuberculous patients 

la the following esperinieiit two routine pputuru specimens (8-2205 and S 2206) were 
prepared for mouBe inoculahon according to the procedure pie\iously outlined {Experiment 
•4) After neutralization with 2‘’*r RCl approjamately 0 25 ml of the sedimoat was seeded 
on each of two Lowcnstoin slants and the balauco wos transferred asepticallj to an inocu 
lating bottle coutanung 1 ml of sterile distilled water Mico of tlie dba strain 2 to 5 
weeks of age wore inoculated intracerebral]) with 0 05 ml of this suspension, four ammala 
being used for each specimen All mice were mamtamod on the deficient diet during the 
expcnniental period The unused portion of each Buspcnsioa was inoculated subcutaneously 
into the right groiu of a control guinea pig Infection periods and autopsy techniques 
for both mice and guinea pigs were cssentiaJl) tlio'^e described m tJie preceding experiments 

As can be seen fiom the <3ata presented in Table VI these two digested 
(NaOII) Tnd neutralized (HCl) sputum speemieiis proved to be extremely toxic 
to the mice Onl^ thiee of the eight animals inoculated sui\i\ed the twenty one 
day infection peiiod It might be woith mentioning that one additional uu 
lecovdcd sputum sample killed all foui luiec instantly In an cffoit to deter 
mine wliether this tOMCitv might be due to some factoi piesent in mitieatcd 
matciial the balance of tins studx was confined to in observation of the effect 
on the mice of clear c itlieteiizcd mine specimens wluch oidinanh icquiie no 
NaOII homogenization Eacli specimen was fiixt centnfu^jOd at 3 000 rpm 
for fifteen minutes following wineli the supernatant fluid was icmoved Pro 
cedures foi cultuie and foi mouse and guinea pig inoeuhtions were identical 
with those outlined for the sputum specimens In Table VI tliese specimen 
mimbei’s are preceded by the ktttis BF This study was terminated when 
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it was leeogniised tliat tlie mitieated mines weie similaily toxic to the nine 
Of a total of tluitj^-six annuals, twenty (55 pei cent) died dming the expeii 
mental peiiod 


Table VI Results op the Inoculation op Routine Clinic \l Specimens Simult ineouei \ 
Into Mice, Guinea Pigs, and Culture Media, Mouse Dosage = 0 05 ml o> 
Diiuted (Distilled Water) Sediment Intpacerebralla 


SPECI 

MEV 

TYPE OF 
SPECI 
AfEV 

AUTOPSY findings 

CUL 

TUnES 

mice 1 

i guinea lies 

; NUMBER 

1 DE\D/ 
TOT VL 

BRiUN 

LUNG 

SPLEEN 

GROSS 

LUNG 

LESIONS 

DA\S 
UNTIL 
AUTOPS\ t 

AMOUNT 
TBC t 

8 2205 

bputura 

3/4 

0 5+* 

0 

BS 

- 

12 42 i 

“ . 1 

- 

s 220b 

Sputum 

m^m 

3 0+ 

0 5+ 


- 

K42 

Tub 1 

4 



■RQIII 

0 

0 

° i 


K42 

1 




1/4 ' 

0 

0 

0 1 


K43 

1 

- 

BF271 1 

Unne 1 

1/4 

0 

0 

0 


K43 

- 

- 

BF27I 

L rule 

3/4 

0 

0 

0 


K42 


- 

BF 270 

Urine 

4/4 

0 

0 

0 


K 42 

j _ 


BF 277 

Urine 

1/4 

0 

0 

0 

- 

K42 

- 

! 

BF 278 

Urine 

3/4 

0 ‘ 

0 

0 


£42 

- 

- 

BF 284 

Unne 

2/4 

0 

0 

0 


£42 

- 

- 

BF 293 


2/4 

0 1 

0 

0 


£42 

- 



*In tills and subsequent tables this numeral indicates the average of the 0 to + + 1+ IL 
mgs of the individual mice Autopsies were not performed on those mice which uicii at n 
time of inoculation 


tK=ltilled the numeral indicates the number of da>s after inoculation 

tPoi explanation see text 

In light of the fact, however, that in one instance (S 2206) the results folloniiig 
mouse inoculation were confirmed by guinea pig inoculation and culture and m anot if 
(S 2205) the results indicated a possible superiority for mouse inoculation had the infectioa 
period been extended, it was thought that it might be of some value to attempt to mminu^ 
or perhaps eliminate the toxic manifestations by introducing certain changes in the cc ^ 
nique With this in mind a new senes of ten random pathologic specimens was prepan ^ 
for animal inoculation and cultuie bj the NaOH concentration technique Pxoce 
animal inoculation, autopsj, and culture were identical to those described with tie 
tious that sterile phjsiologic saline was substituted for distilled water as a ’ 
volume of the intiacerebral inoculum was reduced from 0 05 ml to 0 03 ml, an lo i 
tion period for mice was extended to six weeks 

Results of Expel iment 5 The lesults aie summaiized w Table VII 
will be noted that two of the specimens (BF-223 and G-180) killed al oin > ^ 
uistantly As shown in the table, a total, then, of seventeen (42 pel eeii ) 
died durmg the six-week infection peiiod This indicated only a shg d ic 
in the casualty lates in spite of the modified technique and it seems i ease 
to assume that this peisistently high peicentage of piematuie 
maikedly limit the usefulness of mice m the isolation of tubeicle ^ 

iiom pathologic mateiials by the methods desciibed Moieovei, 
two instances (S-1365 and G-179), of definitive mouse peiiwJ 

pig and eultuie results ivould seem to indicate that the exteude ui c 
was of no paiticulai advantage It is mteiesting to note at t ns poi 
pionounced toxicity of clinical specmiens foi mice lecently ms e 
in anothei laboratoiy-® 
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Tablf T-Til Rssults op the Ii*0(.tL\TJON OP Routine Cunjcai SpEcrME^s SmxjLT^^iEoviSLr 
Into Mice OtiNEiV Pics CutTvrE SlEmA Moose Posacb = 0 03 ml. 

OP Diluted (S\ljnej SEmaiEvr Intracecebilvll^ 


SPECl 

lEh 

TUB Oi 
SILCIMEN 

MTOIRV UNDINOS j 

' CUL 
TUBES 

Min 1 

GITINEV PIGS 1 

NUMQLP 

UElp/ 

TOTAL 

Br MS 

JIM 

iMlFDN 

1 GROSS 
t LLxa 

LESIONS 

J>ATS 

UNTIL 

AUTOPSY 

1 

' UIOUNT 
' TBG 

Bt 220 

S'. a\) 

f 2/4 

1 0 

' 0 

1 0 

- 

ki 2 

; 


BFJIS ! 

PleumI 
fluid 1 

1/4 

! 0 

0 

0 

1 0 1 

i 

' K 42 

- 


Si 30 G ; 

Bronchi'll ! 
waslnuR ! 

VJ 1 

0 

“ 1 



K 42 

- 

! 

& 136 j 

Bronchial 1 
Ma^hiDir 1 

2/4 1 

n 


0 2+1 

1 1 

' 

i .42 

Tub J 

1 

1 + 

0 175 

Gistric i 

1/4 i 

0 

■om 

« ' 


Iv 42 

- 


0 178 

Gistne 

1/4 

0 

0 

U 


A 42 i 

- 


G 170 

CTilnc 

0/4 

0 

0 1 

0 


K -42 - 

Inh 3 


BF 2-4 

irnn 

1/4 

n 

0 

0 

- 

K 42 



BF 2-3 

Urine, 

4/4 





JC 42 : 



.1 180 

Gastric 

4/4 





1 K -42 i 1 



Szpermcnt 0 — -V fiual e\p<'rmtrnt Ocunoc? eo test the poe^iDihtv of nndenug patho 
logic materials less toJtic for Dio rairc W Ta) Du %o3ume of ‘''iJiac diluent and (b) 

MTHhuig- tho sediment Tor Dus purjio e ix mKro*^opi<*aU> positire sputum sperinitns ucre 
digested (NaOH) nnd concentrate 1 md to cncli ueutralued (2N }ICI) sediment uere added 
4 ml of stenlo physiologic salin IHlf (d lul ) of each ‘'edimcnt uas then transferred 
aseptjcallj to n atenlo centrifuge tulc md Dio material centrifuged for fifteen mmutos at 
3 000 rpju After remoTal of Dm supernatont fimd the materia) »as resuspended in 2 ml of 
fresh sterile saline and a portiou of fnrh (u«<?Jud and anuaslied) sediment uaa used for tlie 
inoculation of miee guinci pigs and rullurr media The intracerehml mousv inoculum uas 
0 03 mj and the infection peno 1 u is tweoti one lays 

The data sunimaiized m Table A III ideal a siiaip reduction m the nuinhci 
of iiontubeiculous deaths ijuoul. the mice Onh eloten (22 pei cent) animals 
died duimg the tueiit\ one dav evpcument'il peiiod All of these deaths 
QCcuiied \Mtiini a penod of fiom om tc fouitecn dajs after inoculation Hom 
c\ep an examination of tlie findings also reveals that in none of the mice uas 
there evidence of gcnenhzed tuhcrculosw (note the absence of both gioss and 
iniej-oscopic lung pathologv ) although guinea pig zesults liad indicated the 
piescncQ of vuulezit tuheiclc haciJh in all but one specnucn (S 976) Aforeovei 
It would appeal that jn geneial tlie degiee of infection among mice inoculated 
with washed sediments was less than tint in the group leeennig unwashed 
matciial It seems piohahlo then that some diinmution m the mzmhcr of bicilh 
occuircd as a jesiilt of the dilution and washing techniques employed This 
disadvantage although prohablj slight m the case of spccuncns containing 
Hrge iiumbeis of oiganisins would tain mcicasin^ significance m the case of 
those nntciials containing only a few bacilli An> significant nuinbei of failures 
would constitute then, what is piobablj the mo5t valid objection to tins method 
as a piactical meins of using nnee for the isoi ition of tuheiclc hacilh diieetlj 
from pathologic materials 
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A lecent study of paiticulai significance winch, should be consideied here 
IS that of ililzei and Le^une-® who, using pigmented stiaius of mice, lepoiteJ 
seveial successful isolations of tubeiele bacilli from clinical specimens (sputa 
and feces) ten to fifteen days aftei the intiapeiitoneal inoculation of suspeii 
sions containing gastiic mucin, lathei than saline, as a diluent No mentiou 
was made of anj' toxic effect on the mice 


Tabie VIII Results of the Inoculation op Routine Sputum Siecimens Simultvaeousu 
Into Mice, Guinea Pigs, and Culture Media, Comparison op ITniv ashed (i) 

AND Washed (b) Sediments 


SPECI 

1 

sedi 

1 ment 

1 AUTOPSY FINDINGS 

CP r TURF 

1 MICP 

1 GUINEA PIGS 

NUMBER 

DEzVD/ 

TOTAL 

brain 

LUNG 

SPLEEN 

GROSS 

LUNG 

LESIONS 

DVYS 

UNTIL 

AUTOPSY 

AMOUNT 
TBC 1 

S 676 

a 

O/I 

4 0+ 

0 


- 

K42 

Tub 5 

+ 


b ' 

2/4 ' 

15+ ' 

0 ' 


- 

K 42 

Tub 4 


S 680 

a ' 

1/4 

3 3+ 

0 


— 

K:42 

Tub 0 

+ 


b 

1/4 

3 0+ 

0 

3 0+ 

- 

K42 

Tub 5 

+ 

& 681 

a 

1/4 

1 5+ 

0 

1 0+ 

- 

K42 


+ 



0/4 

1 7+ 

0 

0 7+ 

- 

K42 


4 

S 912 


0/4 

1 0+ 

0 

0 

- 

K-iS 

Tub 3 

+ 


HIM 

1/4 

0 

0 

0 

- 

K42 

Tub 3 

+ 

& 961 

a 

1/4 

1 2+ 

0 

0 5+ 

— 

K42 

Tub 5 

* 


b 

2/4 1 

0 2+ 

0 

0 

- 

K42 

Tub 3 

' 4 

S976 


mem 

0 5+ 

0 

0 


K42 

1 “ 

+ 


HUH 


0 

0 

0 

- 


1 — 

4 


DISCUSSION 

Fiom time to time in the past, and with renewed vigoi in leeent yeais, the 
possibilitj’' has been suggested that mice might be found useful in ceitain tipe^ 
ot im estigations in the field of tubeiculosis Only one of these types ot ui 
yestigation has been considered lieie, namely, the detection of viiulent tubeiele 
bacilli ui pathologic mateiials It should be emphasized that spoiadic attempt!* 
to develop techniques wheieby the mouse might conceivably supplant the gumca 
pig as a ciiteiion of viiulence liav'e been made evei smce the diseoven of le 
tubeiele bacillus by Koch in 1882 It is piobably because maiked disci epaucies 
weie levealed by the various woikeis that nothing of a piactical iiatuie i* 
niateiialized In addition, certain othei objections have been raised against 
mouse as a test animal in the diagnosis of tuberculosis It has been sugges 
foi example, that the failure of the mouse to develop tubeieidm seiisi lU^ 
renders the detection ot spontaneous tuberculous infections m nnce 
Tins disadvantage gains urcieasing significance in light of the woik of ow 
r\ho determined that the inhalation, by mice, of as feu as fifty to one 
Miulent tubercle bacilli resulted in the establishment of recognizable tu 
foci Guinea pigs, on the other hand, can and should be tubeiculm tes e 

use to rule out the presence of spontaneous disease i lerculo^i' 

Another serious criticism of the general adaptation of mice or n ^ 
diagnostic uoik results from tire findmg by certain investigatoi’s m 
Irumaii stiams of tubercle bacilli there are encountered some u '„Q,jsiralcJ> 
equal virulence for both girmea pig and mouse Until it can e ei 
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through extensive and painstaking mxcstigation, that theie exists an exact 
parallel between virnlence for mice and vmilcnce foi man, it is doubtful that 
mouse infection tests iviU gam gencial recognition The objection might be 
raised, too, from obseiwations made in this laboiatoiy and m others,^' that the 
moculation of mice with virulent tubercle bacilli is not always followed by a 
constant and piedietable degiee of infection among animals receiving identical 
dosages of the same organism 

It was the purpose of the present studj to (a) lerifj some of the more 
piactical laboratory findmgs concerned with mouse infection tests, and (b) to 
establish criteria for evaluating the rehability of such tests, some of which will 
be discussed heie briefly 

That different strains of mice vary maikedly in their susceptibility to m 
duced tubeiculosis has been observed by Dubos and co workers'® and it was on 
the basis of then findings that pigmented (C57 and dba) rather than wlute 
animals were used exclusively in the expeiimental work reported herein iks 
noted by the HockefeUer group'® however, “It is piobable that unrecognized 
variations in the cultiiie the season of the yeai and othei uncontrolled factors 
have an appieoiable mfluence on the course and outcome of the experimental 
mfoetion ” In addition it is probable that individual mice of the same strain 
diffei fiom others in the group as a result of ceitaiu as yet unknown factors 
These might make mandatory a more thorougli investigation of ideutieal strams 
of mice obtained from different bleeders Pending the completion of such 
studies It would perhaps be wise for each laboiatory to maintain a constant and 
reliable souree of mice to eliminate the necessity of re evaluating new and 
untried groups of animals 

Another source of vanation is the enhancing effect, on tuberculous infec 
tioiis, of a deficient (essentially coin meal and water) diet which has been 
demonstrated foi albino and pigmented mice'' as well as lats" This expen 
mental evidence was convincing enough to wairant the inclusion of such diets 
in studies carried on by this laboiaton in ordei to increase susceptibility of 
our mice to the test infections 

With respect to the mode of inoculation the intracerebral lathei than the 
intravenous tecluiique was piefeiicd here because of its simplicity and the rcla 
tive case with whicli it can be masteicd by tlie aveiage technician. 

Tile size and time relationships of dosage, all too fiequently lost sight of 
111 tubeiculosis diagnostic woik should be given careful consideiation in mouse 
infection tests On the basis of investigations conducted here and in other 
laboratoiies, a dosage of 0 01 mg has been aibitrarily adopted foi use with cul 
turcs of tubercle bacilb It was felt that the ideal dosage should be one which 
facilitates an eaily (one to three weeks) detection of piobferation in the case 
of patliOoCns without lieiiig so overwhclinnig as to produce false positives in the 
CISC of saprophytes a plienoniciioii which though yet to he demonstrated witli 
mice IS not uiiluiowai in guinea pi^s It can be seen from the expeiimental 
icsults picsented that tubercle bacilli can be detected in tiie various oigans liy 
smeai even though ^loss evidence of then picsciice is lacking This facilitates 
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eaih diagnosis Ilowevei, gioss pulmonaiv lesions should be cvammecl muio 
scopicallv in instance in older to exclude confusion due to spontaneous 

diseases closeh siniiilatmg tuberculosis Such conditions have been demon 
stiatcd in lats^- In addition, in two instances in oiii laboidtoi> piilmoiiau 
lesions indistinguishable macioscopically fiom tubeicles liave been obseived in 
mice at autopsy in which a diligent seaich failed to loveal the pieseiiee of acid 
fast bacilli 

Finally, in legaid to the mminium nunibei of animals indicated foi lalid 
1 esiilts, it IS 1 ecomniended that at least f oiii mice be inoculated with each culture 
to compensate not onlj foi inconstant degiees of tiibeiculoiis infection among 
the animals but also foi deaths due to inteicuiient infections 


SUMMARY 

The susceptibility of pigmented stiains of mice (dba and C57) to tubei 
culosis induced by the intiaceiebial and intiavenous inoculation of vniilent 
human tubei cle bacilli has been confirined 

In these studies, tubei cle bacilli of the human, bovine, and avian tvpes 
weie of similai Miulence foi mice following inoculation by the intracciebial 
loute An acid-fast sapiophj te failed to produce a progressive disease 

In a compaiative study involving a senes of twenty-five strains of acid-iast 
bacilli there appeared to be a high degiee of correlation between viiulenee toi 
mice and viiulence as measured by classical guinea pig tests 

Pieliminaiy studies indicated that a combination of rapid, diffuse giontii 
in a liquid medium of the Dubos type plus subsequent mouse inoculation would 
leduce consider abty the time required for the laboratory diagnosis of tuber 
culosis PeniciUin, added to a Twmen-albumin medium in a concentration of - 
units per milliliter with the purpose of suppressing the giow'th of contaminanfs, 
pi Died to be toxic to the tubercle bacilli contained in expeiimeiital inociila eo” 
sistnig of digested and neutralized sputum specimens 

Both treated (NaOPI) and imtreated loiitine clinical specimens wcic shown 
to be extiemelj toxic when inoculated (intiaceieliiallj ) dueetly into inici lu 
ail attempt to leeoiei tubei cle bacilli, theiefoie the lOiitine use 


ot mice a'' 


distiisbul 


piimaiy diagnostic piocediiie is not piactical by the methods desciibed 
The theoretical and practical aspects of mouse infection tests aio 
in some detail 

The authors rrc grateful to Dr itarUn Frobisher, Tr , foi liis htlpful 
gestions and assistance lu presentation of the m itcrial 
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S B Sal\t[n, Ph D 
Bethesda, Md 

T he lepoited conc\uienee of ptilmonaiy calcification and skin sensitnitv 
to liistoplasiiiiiP ® has led to the suggestion that infection with Ihitophimu 
capsulatum is fiequently nonfatal This depends on the tlieoiy that sensitnitj 
to histoplabiiiin lesults fiom a past oi piesent infection with II capsuktum 
Emmons and co-woikeis® ’’ have deinonstiated, howevei, that a positive skin 
leaetion to histoplasmin ma}^ appeal in animals expeiimentally infected witli 
eithei H cajmilatum Blastomyces dennahtuhs, Cocctdjoides immihs, or 
Candida albicans Howell® demonstiated by skin tests the evtensive eioss le 
action between histoplasmin and blastomyein in guinea pigs infected iiith 
H capsulatum and B dei matitidis 

Several woikeis started seiologic investigations with the hope that the 
mfoimation theiefioin would aid in the diagnosis of a mild oi severe foim of 
histoplasmosis I® described the use of the whole yeastlike cell as a comple 
iiient fixation antigen, and found it more specific than histoplasmin Teneii 
beig and Howell*® found that both histoplasmin and blastomyein, when used 
as complement fixation antigens, produced positive reactions in the pieseiice 
of seia from animals expei imentally infected with B dennatitidis oi U WP 
sulatum Fixation was strongei with the homologous than nith the heteiologous 
antigen Saslaw and Campbell,** using the seia of labbits Imieiimmum/cd 
with lieat-lalled antigens, foimd eioss reactions betiveen the jeastlike phase ot 
H capisulatum as antigen and anti-B dei mutihdis seium, but more espeeia ' 
betiveen the yeastlike phase of B de) mahiidis and anti-JT capsulatum senna 
"With the indication that antigens from the yeastlike phase appeaie to 
be more specific than those fiom the mycelium, but with little knoivle ge 
the extent of ci oss i eactions between fungus antigens and of the identit' o 
factors in the various antigens, fuitliei study of the serologic relationslup^^J 
tween fungus antigens seemed desirable Accoidingly, expeimieiits were 
ated to determine bj complement fixation methods the specificity of an 
tionslups between antigens flora H capsulatum, B dei matituhs, C 
albicans, Aspeigillus fumigatus, and Mucoi coiymbifei The fimt 
were chosen foi studv since Eranioiis and associates®’* had ahead} 
then positive inununologic lelationship, in that guinea pigs mfected m 
them weie capable of show mg positive slun reactions to histoplasnuii ^ 
two weie mcluded foi study because, although pathogenic, they la 
shown as havung any relationship to H capsulatum by skm test an cca 
weie so decidedly difteient moiphologically fiom H capsulatum 
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MATERI\LS VND ilETHODS 

Comi>leviev.t Fixation Test — The complement fixation test, originally described bj 
Bengston 12 similar to the one reported in a previous paper ® 

Fungi — One strain of each of the six fungi was employed in these studies Strain 
6521 of M capsulatvm onginallj was isolated from a dogi3, strain 6046 of 2? ^erinatiUdis 
from a human patient m Alabama strain 6210 of C imm\txs from a human patient m An 
zona strain 3148 of G albicans from a human patient with endocarditis, strain 6225 of A 
funugatus from a penguin, and strain 217 of M corymbifer from a pea The antigens from 
JT capsulatum B dermatitidis and C albicans uere nhole yeastlike cells, which had been 
killed by suspension in 0 5 per cent formalin for eighteen hours washed in salme centrifuged, 
and then stored in a concentrated form at 2 to d C in 1 10,000 Merthiolate Since the 
sporangial phase of C immitis has not been grown extensively in culture, the broth filtrate 
from mycelial growth (le, coecidioidm) was used as the antigen Washed spores served 
as the antigens for A fumigatus and M corymbtfer S capsulaiwn was grown in the yeast 
like pha'ie in a semifluid peptone mediumi* B dermatitidis in a semifluid medium contain 
ing a mixture of ammo acids plus sorinei® C albicans in Sabouraud’s dextrose broth and 
A fumigatus and Jf corymbifer on Snbouraud s dextrose agar The antigens were assayed 
against homologous immune sera at irregular intervals to check their bmding power and anti 
complementary action 

Antisera — Forty adult albino rabbits were inoculated (a) intravenously with livmg 
ycasthke cells (eg, ten rabbits with E capsulatum and ten ivith B dermatitidis) , (b) intra 
pentoneally with a suspension of live conidia (eg fourteen rabbits with C immiUs) or (c) 
intravenously with increasing dosages of formalm killed yeast cells (eg six rabbits with 
C alhtcans) The rabbits wero not moculated with bve cells of C albicans because infection 
mth this agent produced rapid death in sucli animals The groups of rabbits that were 
moculated ivith one of the live strains were bled once a week thereafter until the termination 
of the experiment Tiie sera that were used for the absorption studies were pools from these 
and other smiilar bleedings Only those sera with positive titers with the homologous anti 
gens were included in these pools Attempts to produce hyperimmune anti A fumigatus and 
anti K corymbifer sera of significantly high titer were unsuccessful, with the result that 
these ti\o types of sera were not used m the absorption tests in the present study 

EXPERIllENTS AND RESULTS 

Individual sera fiom thiity foui rabbits expeiimentallj infected avith B 
dermahUdxs, C nnmitis 01 H capsulatum and bled once a weeL. were titered 
agauist then homologous antigens Those sera which fixed complement in the 
presence of the homologous antigen v\eie tested against the three heterologous 
antigens (Figs 1 to 3) Tlie B deimatihdts antigen induced the formation of 
antiseia only 8 pei cent of ashicli (seven of ninety two sera) fixed complement 
with the heterologous II capsulatum antigen and none of which leacted with 
the C albtcans or C immitis antigens The titers with the H capsulatum 
antigen against the anti B deimaUtidis scrum were noticeably lower than those 
^vlth the B dermatitidxs antigen (Fig 1) Ilowcvei B dermatitidis was 
weaker as an antibody pioducmg antigen than the other antigens, as evidenced 
by the fact tliat its antiseia had much lowei titei*s than the other antisera, when 
each was tested against its homologous antitjeii (Figs 1 to 3) The II cap 
sulaium antigen induced jutisera which fixed complement m equal quantity 
with the homologous and tlie B deimatitidis antigens, altliough tlie antibody 
titeis with the lattei wcie sliohtly lowei (Fig 2) None of the mitiU cap 
suJatum sera reacted vnih the antigens fiom G albicans and C immitis The 

This antigen was obtained from Dr C D Smith Stanford Univers t> School of Medicine. 
S in Francisco Calif 
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V nnvnhs-miecied. animals pioducecl antiicia winch lenctcd not ouh ^\lth tlie 
homologous antigen but 63 pel cent ol which also leacted ivith the denud/i 
tichs antigen and 6 pei cent with the // cupsulutum antigen Tlie lutibofh 
titeis witli B dennatihdis and especially with II capsulafitm antigens were 



I IS 1 — Rej.cti\it> of nnti U <)cima(ifidis «cn. with homolotous onl liLtnolosou 
Note No positive titors ^\ere pjoducetl With C uhwiifjs \nil C nlbitan^ iiuigi-ns 



COMPLEMENT- FIXING TITER 
AGAINST INDICATED ANTIGEN 


iiS 
>.ote Is 


AGAINST INOIGAItU AMiiuci'i ^ 

■Reictultj of antl-n ca/)SHl«fuiii sen. with homologous hul 
positne titers wire obtained with G allticiins and G > 


much loTtet than T\ith the homologous antigen No fi\ation 
pieseuce ot the C albicans antigen The pooled seiuni fioni iJn’ 

immunized with the C albicans antigen had an antibodt titei oi d.v 

homologous antigen, of 1 16 with tlie II capsululam antigen, and o 
B del matitidis antigen No titei was obtained mth the C mnin di 
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Thus B (lei matiMis antJgeii ma-s be considered is foimmg the most spe 
cific antibodi (of the foui tested) iltliough its complement fixing antigen nas 
the least specific // capiulahim induced the foiiintioii of a shghtlj less spe 
cific autibodj than fl dei iiiahhehs ulule C alhcani and C immitis produced 
antisera that cioss leacterl to the gicatest extent with heterologous intigens 
It ma> bo noted liere that the ‘~eium titera neic lehtiielv low eien uith the 
homologous antigens a einracteiistic common to most fungus antisera 



Hr 3--Reactniti of anti C tmiMi/w acra x\lth homoJoffous ini3 heterologous itiUgens 
Note No positive titers ntn obtained with the C olbfcaiis antigens 

Purthei intoiination on the nitciielationship of the fiuigal antigens uas 
songlit in studies iniolnng ilisoiptiou of antisera uitli both homologous and 
heterologous intigens Pooled labbit intiseia ueie absorbed uifh an intigen 
from one of si\ fungal species naiueli II caimdatuin B dermatthdn C alhi 
cans C jiiiiiutis .1 fmmgatus and 1/ coiijmbtfer The antigens fiom the fiiit 
thioc species ueie uliole i eastlilvc cells 1 died hi 0 5 poi cent fonnalni In the 
case of C zmiintis the intigen used foi ihsoihiii„ antibodj uis nncehum giowu 
for three ueeKs at 25° C lulled in 0 5 pei cent foimahn uashed in saline and 
ground tlioroiighlj in a bail mill The intigeiis from 1 fumtgatus and 1/ 
conjnibtfei iieie spoies uashed oft a„ai slants reuashed in saline killed m 0 5 
per cent foimalin then washed ind icsnspeaded in slime The seriuu was 
ihsorbed with homologous anti„en mitil eithei no seiiim titei lemiined or ad 
ditional absoiplion jnoduced no change in titci Twice the iniount of antigen 
used in the foregoing experiments was cmploxcd in the absorption of heteiol 
ogoHs antiscia In the tests uuolxing I /itimpotiis and M conjmbifei the 
sera were absorbed iiid loabsoibed until thej started to become anticomjilc 
mentirx The experiments sseic icpcated three times with diftcrcnt seva wth 
similar results obtained except w here indicated 
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When the anil-// dcimafituhs scium ^\as alisoihcvl with itb homologous 
antif,fen (Talilo I), a suuilai cite i ease m titei ol the seiuin was shown with both 
the B (Icnnatitidis ami tlic // cupsululum toinplenienl-h\ing antigens Tins 
lesult imlicates that the B di nnulilidt', antigen imlutes the foiination of one 
antihoch oi one gioup ot autihoilics which is toinpletely losponsihle foi the 
seiologie leaction between anti-// dinnutitidi}, seiiim and// cfipsii/dfiim anti 
gen Absoiption with the (' (dbnant,, (J vnmilis, oi // cupsuhtum antigen 
lesnlted in paitial lemoial ol leactiviU with the hoinologoiib B do maiilidis 



C ilbioaiis Of 

C iiinniti'j 0 - ~ ~ — 

•1 urllK r ub!5uri)ti(in tirodiKcil no aLCua-iL In llltr 

tThe nic tlu liutrsp of tiie nmxlimiiii scrum Ollutlon tluit comp'cWlj ft'o. co" 

plomont in the presence of 1 units of intlhcn 

tThroughout this paper ‘ 0 ’ Indlc itca no IK itlon in i strum dilution ot 1 2 

complement fixation antigen .iml almost complete leinoial with the // 
iiulatuin tomplemcnt-fixing antigen The C albiuiH'i antigen seemed to la^® 
lelatneh stiong absoiptne qualities lot the anli-// dcniuditidis seium fi 
pecialh when it is noted that this antigen did not hx eomplemeiit witi 
seium Appaicnth theie was not siifhtient /' idhit tins antigen m the scioOo^® 
test to pioduee a leaetiou in the picsence ot the heteiologous antibcium 
the antibodies nidiued bv the B dci multtuh', antigen appeal to contain a ae 
Ol factois wlueh aic capable ot combiiung m tailing dcgiees, 
the species, with the pieecdiiig thice lietciologous .intigens -1 (nwup 
d/ coiymbifci absoibed no significant amount ot antibodi fiom | 
del inatitidis seium, and theiefoie piobablv have no antigenic sinii an ' 

B dci matitidis ^ 

Although anti C (dbicum, seium fixed complement m the piesence^^^ 
dennutituhs and // capodahun antigens 111 loiv titem, tno 

iiomologoiis C (dbuani antigen icnioved the cioss leactions wd^ ' jjj„s a 
heteiologous antigens (Table II) Thus, the C alhicuiib antigen 
factoi that is tlie same in seiologic leaction as the one m B ^ of 

II capsulatuM antigens tliat causes fixation oi complement m tie 
anti-C rtZhitana seium Absoi ptioii with oithei // dci maldidib 01 as 

antigens lesulted 111 the lemoial oi antibody iioni anti 6 « '^^”le,neiit 
sliowm wutli the C (dbicans, B dennutituhs, 01 II cupi>id(iit(»^ T'^fiitwen, 0”'' 
tion antigens AVhen the antiseinm xias absoibed with G onte^that the 

pait of the antibody was icmoved These tw'O obseivations m 
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anti C albicans scinin has a substance that cm icact nell nith B <lei mahtidis 
and II capsulatum antigens and to a moie hmited extent with C imimhs anti 
gen Because of tlion failuie to absoib any antibodi fioin anti C albicans 
senim A fmnigatus and 1/ conjmbtfci antigens weie considered unielated to 
tlio C albicans antigen 


Tibse II IwanENoi. op Absobitio'I o\ Complejient yiXATiov Titeks op Babbit Antiseha 
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Anti C iiimitii scrum aftei absoiption iMth its homologous antigen still 
paitly leaoted with tlio B deimuhtuhs and II capsulatum complement fixation 
intigeus (Table III) Thus, thcie aie nonsjietific factors in tlie anti C tmmitis 
seium wiiitli icact scixilogicalh with tlie II capsulatum and B dermahitdts 
antigens, but not uitli the lioinologous antigen Absorption nith B dermahiidts 
and II caimdatum antigens resulted lu almost complete loss of antibody capable 


TAsae III IxiauEKcE op /tBSoarnov on CourLsnexT PiiATio ( or Eabdit Aktisera 
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C imuiitis 

32 
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10 
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H. capsulatum 

10 

2 

0 

10 

S* 

IG 

16 

C albicans 

0 

- 

- 

- 


- 

- 


These paradoxical residual liters to tUc Uetcrologoua or nongpcciflc antisens after the 
complete remoNfll of the Itomoloffous antibolic ma> represent a nonspecific complement flxa 
tlon Tlie antigen and absorbed strum both siishUy anticumpKmc.nta.r) iim> leniove enough 
complement to produce a pseudo complement fixation 

of reactuig with eithei the tno foregoing antigens oi the C wiimlis antigen 
nhcreas lepeated absoiption of the anti G viumtis seiiim with C albicans anti 
gen pioduced oiilj a slight dcciease in antihodj bfo absorptiie qualities iiere 
bhoHuhi the antigens from 1 fumigatus smd \l conmbifei 

Tmallj, when the anti II capsalulum seiuni was absorbed Mith the 
homologous diitioCii, the titer inth li dcrmaiitidis complement fixation antigen 
lias gieath reduced (Table IV) The nnti II capsulatum stiiuii maj then be 
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1 \iin IV iNnuiNCi 01 \iisoi 1 iio\ ( oMi 1 1 MV M I'lSArioN Tnn s cv liMJuiT ivT nil 



ouiisidcu'd as cont.iuim^ a l.utoi toniiuon to II Kijt^uluhim and B (kniwiMs 
.uitiicciis Tills loniiuou Jaitm m tiie anti-// (nij-.uhilum sei iim is toraplete!' 
icsjionsilile toi Hu uadioii with tlit lioiiKdoi'ous antii'on, since absorptioinntli 
B (l(imatitj(lis inodiucd a leduition in nntiinids iqiia! to that pioduceJ bi 
tliL hoinolonoii antiiiin (' (ilbnait^ ,nu\ (' lainii/is aiitiiieiis rediucil titcisonh 
pal ti dl\ , wliciCiis 1 j IIS ,\ih[ M ioi iinihilii anlinens liail no eficit 

DIst 1 s>.ION 

J lie toiiii anti”in ' ina\ be ictmcd to (a) as the bul^i nice that 
the Imination ol iiitiliudx oi (|)^ as tin subst.iine that i cat ts with antiboJ' m 
a seiolofiK i(st On ajipln atioii oi the lust deliiiition to the sciologualh mhf 
lelatcd tuii-i, B dci mnlUiihs (' olfminis, (' ininii/is, and // ciipiiddfiiM. 
anfmen tioin B ihi nudifuhs nir he eoiisideicd the most siiceihe ot tlio lottr. 
since It pioducc'd an aiitisciinn lli.il iciuted onh i.ith t he honiologoib 
and to a nun h hkhc lunitod extent with II m/jsiikdiiin antigen IIowcVi 
the ai)|iti(ali( n oi tlii' scioiul ditinitiun, it was the least siieeilit seiologicaatiji^ 

sinei I) fi\( il ( oiiiiilinncnt not onh with its hoiiiologons antisciinn hut alw) 

the thu e In ioi(iloi;uns iiitiseia Snnil ii h , // i a/isa/«/»)a antigen 
lelatudc specilu iniisiimu m timt it leaded ahont eciualh witliih honiflOg"^ 
.uiligcn and the B di > Miihlidis antigen As a eoinplement 
it was concciseh nons[ie<i(n since it lixcd t oinplemeiit with (lie fhie<^ 
ologous antisci i The antigens ol (' albuinis and V uiwnii^ 
tion oi antibodies that icactcd with tiiiec ol the loin antigens studic 
as seiologic antigens leactioiis with the lioinologoiis antiseia alone 'i 
tamed 

Since absoiption of a seiuin with ,i lioniologons antigen icsiiltw^ 
duetion of titei with a heleiologoiis antigen, and sinte each miti- 

of ahboxbmg at least sonie ol the antiboch lioni eatli oL the 
seia, a common lacloi oi lac,toib must be jiiesent in the gpjble ft 

species Hence, the antigen fioin am oi IhebC tnngi is 
leactmg seiologicall) with an\ one ot the loiu aiitiscia, althoug dn 
ment fixation tests with both pooled and indnidiial labbit Iloif 

Horn C albicans and C immilts did not leact witli lietciologons a”'' 
evei, otheis^o ” have icpoiled that the seia ot labbits immunize' 
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dermatl^^d^s fi\od complement in the presence of G albicans antigen No in 
dication of a serologic eioss leaction 1)61116011 the complement fixmg antigen of 
G immths and a heteiologous antiserum has been found ni the liters tuie 
Why m a previous series of eitpeiiments" cioss reactions betiieeii anti B dama 
titidis serum and U capsulatum jcastlikc cells as antigen iiere not obtained 
IS m doubt, although the reason maj lie in differences in the stiams used 

Of mterest is the failure of A fiimigatus and M coiymbifer antigens to 
absorb significant amounts of antibodies fiom anj of the antiseia luider studj — 
a characteristic probablj dne to the antigenic dissimilarity between A fumi 
gains and M corymbifer on the one hand and S dennatiiidis C albicans C 
SBDiiitss and n capsulatum on the other This appaient lack of antigenic le 
lationship is especially striking since 1 / coiymbifer is moie closeij allied 
morphologicallj and ta\onomicall} to C immitts than either B clermaMidis 
C albicans oi If capsidatum while 4 fmmgahis is closer to the lattei three 
species than C immihs 

The serologic specificitj of the four related antigens was paralleled bj 
their antigenic potenej — the inoie specific the antigen the gieater its antibodi 
inducing powers Thus C albicans and C imimiis antigens piodueed the 
highest titered sera wheieas 3 dermatiUdis antigen induced sera of low titers 
This high titei of a serum mav parth be the basis for the roaetion with 
heterologous antigens Fiequenth the binding power of the 3 dermahtuhs 
antigen was about the same oi onlj shghth highei than the anticomplementan 
action With the result that four units of the antigen could not be used and the 
lot had to be discarded ” 

With each of the antigens of 3 deimafitidis C albicans C inimitis and 
II capsulatum capable of cross icaction with the sera of each otliei a positive 
complement fixation titci in an nnlaiomi rabbit sciiini might theoretically be 
due to an antibodj produced b> one of the ofhci fungi Iloweici the antigens 
may still he considered to be of \alue m the differential diagnosis of imcotio 
disease, when it is emphasized (a) that fixation of complement with a het 
erologons antigen was generally at \ erj low serum dilutions i e , 1 8 and below 
and (b) that the titei of a serum was usuallj distmctlj higher with the homo! 
ogous than with a heteiologous antigen Scieral seia from an animal with a 
suspected mycotic disease should be collected and tested oi er an extended pel lod 
of time, and if titem are low they should be tested with all four antigens 

suuuvBi VXD coxcnusioxs 

Complement fixation methods were employ ed m the deteiramation of the 
specificity of and the iclationship between antigens from Aspergillus fuimgatus 
Biasiomifccs dermalitidis Candida al&icaus Goccidioides imniitis Histoplasma 
capsulatum and Vitcor corymbifer Sera from animals cxpeiimentally infected 
or hyperimmunized wath one of the pathogenic fungi weie absorbed with each 
of the six fungal antigens Also sera fiom expenmentally mfooted rabbits 
were examined by complement fixation tests to deteimuie the extent of their 
reactions wnth homologous and heterologous antigens 
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*1 fumtijutus and M cotymbifci weic piobably antigenieally unielated 
to the otliei foui species, suicc they failed to absoib antibodies fiom any of the 
heteiologous antiseia Although B dcnnutili(hs antigen uas the least specific 
complement-fiMiig antigen of the foui leinaining, it piodiiced the most specific 
antibody Its antiseiuin leacted ivith the homologous antigen and shghtly 
with the IT capsulatum antigen, and uas absoibcd by the 11 capsulutum anti 
gen and to a lessei extent by the C albicans and G immitis antigens 11 cap 
sulatwn antigen piodueed seium that leacted about equalh uitli homologous 
antigen and B dcnnalitidis antigen, and that uas absoibed b\ B dei matitidis 
antigen and to a lessei extent by the C ulbituns and C immitis antigens The 
lattei two antigens piodueed seia that fixed coinplement iMtli and i\eie absoihed 
by two of tliiee heteiologous antigens, namely, B dennatituhs and H cap 
sulatum antigens 
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THE BEECTEOCARDIOGEiUI OF NOE3IAL jVND MALARIA 
INFECTED MONKEYS 

Arthur Ruskin, M D R H Rigdon, Jt D 
GiLVESTov, Tex IS 

P RELIMINARY to the study of comparative effects of intrai enotis qumme 
dihydi ocMondc in normal and malaria infected nionkej s,' it i\ as incumbent 
upon us to establish the vaiiations of the electiocardiogiani in these two groups 
of animals The available data appealed inadequate LIojd“ noted foi seven 
teen Macacus rhesus monkeys aieiages for the PR mteiial of 0 08 sec, the 
QRS width 0 01 see the Q T length 0 20 sec , and electrocardiographic patterns 
similar to those of man DeWaart and StoniP published the following norms 
foi some fifteen Macacus mis monkeys PR intervals from 0 to 00S8 sec, 
QR5 widths fiom 0 02 to 0 044 sec and the angle of the QRS axis from +50 to 
+75 degrees They establislied the cmpmcal validity of the Einthoven triangle 
for the monlcey as for man and claimed that tlie P and T waves vvere always 
positive and the S T intenals isoelectiie as in man and not as m the dog tVe 
consideied it necessaiy to establish the eleetroeardiograpliic findings m a larger 
senes of normal monkeys with the addition of the chest lead No detailed 
eleetrocardiographio obseivations in nialana infected monkeys were found in 
the literature 

M ITEBl ILS IND MBTHOOS 

ta tlu^ stuejj twenty gercQ normal ifacaca mvlalla monkeys wejglimg 2 to 7 kilograms, 
were strapped on their backs to an animal board LeaJs I n, HI, and an apical chest lead 
(corresponding to IV F) were obtained m tile usual manner with a Cambridge electrocardio 
graph Repeated tracings were taken in some instances on different days, for a total of 
thirtv four observations, to determine the variations in single monkeys and to establish the 
normal electrocardiographic range Twelve monkeys infected With Plasmodium knowlesi, 
on which normal electrocardiograms were obtained previously had electrocardiograms with 
four leads similarly taken on twenty two oeensioas during varyang stages of the infection 
Tho course of tho disease was followed by counting the number of red blood cells and the 
number of parasitized cells per oOO erythrocytes lu the peripheral blood 

EXPERIMENTAL RESULTS 

The electroeardiogiams of normal monkeys presented heart rates varying 
from 170 to 280 beats per minute, P R intervals from 0 06 to 0 10 sec , QRS 
intervals from 0 02 to 0 05 see , Q T intervals from 0 14 to 0 20 sec the QRS 
axis angle cc fiom +50 to +115 dcgiees A single auricular eotopie beat was 
the only arrhytlimia noted We found (Table I) a flat Tj m nine of thirty 
four observations, a negative Ti m one instance, flat T in three negative T in 
thiee, flat T^ in two and negative T, in two instances S T depression, par 
tieiilaily in Leads II and III of 1 mm or more vvas noted in eight of twenty 
seven monkeys In two monkeys a negative and flat Tj was found on different 

From the Heart Station Department of Intjual JicJicInc and the I.aboratori of Ex 
perJmental Pathology University of Texas Medical Branch 

Vldcd by a grant from the John and Mar> R Marklc Foundation 
received for publication May J6 1343 
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Table I ELECTrocAnmoci vi uic Dlmations ruoii the AvrnACE iv Nofiial and 
iLviABt N In FLCTf D MON KLA S 


1 

1 

i 

T, FLiVT 1 

T, \hG 

T HAl 

T3MG 

T, r UAT 

T* NEC j 

S TDE 
TRESS 

TOTAL 

eVSES 

Tora 

ECG 

Normal 

0 

1 

3 

3 

0 

0 

8 

27 

34 

rialaria 

b 

3 

1 

1 

0 


3 

12 

22 


cla\s, m two othoi instances negatiie and flat T_ waves weie sinnlaih noted, 
in one other instance the T, was flat ,uul negatne on two diftcient occasions 

jMalaiia-infected iiionke-ss pieseiitcd heart rates nr the same range as the 
normal monkers witli the e\ccption of one inonkev witli a rate of 159 beats pei 
miirnte The atiioAentiiciilar and intraventnculai conduction times had the 
same limits as in the noinial animals The Q-T inteirals (electrical sjstolcs) 
were in the upper range of normal controls, in onlj’’ one sererelv infected 
monkcN was a Q-T inteiral ot 0 23 sec present, with a heart rate of 159 beats 
per minute Two animals, one wuth moderate and one with serere parasitemia 
and anemia, showed maikcd leit a\is deviations, -40 and -48 degiees In all 
others the axes were within the normal range No aiihvthiiiias were noted in 
the malana-iiitected animals 

From Table I it will be seen that, iii general, the proportion of negatoe 
T w'arcs in the malar la-intei ted irionke3s was the same as in the normal con 
tiols, nor were these negatiNC T wa\es and depressed S-T segments in the 
nialaiia-infected nionkers iiiesent par ticrilai I3' m the more soveieb' infected 
animals In tw'o of three animals presenting ncgatire Tj wares the)' weie flat 
on othei occasions, and the same variations weie seen in these two iiionkers 
before then malarial iniection (Pig 1 ) 

DISCUSSION 

It is clear from our obseivatioiis ot the electiocaidiogiam 111 tweiit3-seren 
normal Mctcaca mulatta monke3S, wdiich is the largest group so far ’ 

that the raiiabilitr, pailiculaib' in the iecovci3^ portion (ST-T segment) 0 
normal tracing, is mucli greater than heretofore realized Hence, if one 0 
the humaii standards ot eleetiocaidiogiaphic criteria for the nioiike3’', 
orri findings in the malar la-nriceted cases would be classed as m 

the other hand, comparing then tracings wuth the ones obtained be oie 
fection w’lth F linowIci,i, one comes to the conclnsrou, as did 
thousands ot eases ot human malaria, that the electiocaidiogiam is unc 1 

in the vast major itv oi instances , je 

Three electioeaidiogiaphic observations 111 
vealed deviations from the normal variants Two of these invo ve ^ /tended 
changes in the axis which are difficult to interpret The Q-T pro- 

to be in the upper ranges of normal, and in one instance rvas jndicate 
longed, even considering the lelativeb’’ slow heart rate This niic^ 
the mildest form of myocardial malfunction or fatigue, whicx ^ eleetio 
pressed riirdei other ciicuiirstances The failure to show con 

caidiogiapliic abnormalities in malaria-infected monkeys is 10^ 
sistent with the absence of specific pathologic lesions m t re mar 
infected monkeys" and of human beings wnth malaria ® 
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In some mstances of severe anemia thme arc seen electrocardiographic 
changes suggestive of coronarj insufSciencj and nonspeoifio myocardial damage 
presumably correlated with anoj-emia fattj degeneration and even dilatation 
of the heart all of which maj oceui in severe malarial infection The ST 
and T segment vaiiations in oiir malaria infected monkejs however did not 


Monkjsy Mo 22 
a m 


detore 

Malaria 


ilalaria 

Sjti^dacf 


JVF 



m 

[...1 
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Fig I— Before i«aJar(a tho T \ a\e was flat and S T and 8 Tj seements were depressed 
In this monkey T ^\a3 either negative or diphasic on different occasion** WUb red blood 
counts oC 5 88 3 6 and 158 on Uie tenth twelfth and tuentj third day (day before death) 
of malarial Infection re pectl^elj the electrocnrdloi,rain was not significantly changed except 
for the variations In as noted also before malaria and progre sive prolongation of the Q T 
interval from 0 16 to 0 18 seconds Melhogram on the da> before death was normal 


diifei bignificautly from tliobc of the contioh. Nor did we see anj piolongatioii 
of the P R interval Om lowest attained led blood cell count 1 6 million per 
cubic millimeter may not have been low enough to cause significant anovemic 
electrocardiographic changes In scveial instances stethographic (Fig 1) 
fluoroscopic and roentgtnogiaphie cxanuiiatioiis of the heart showed no mui 
murs gallop rhj thm or sigiufieant cai dne dilatation in sev ci e and even fatal 
cases of malaria 


SOJIMVBV VND CONCLUaONS 

1 The normal eicctiocaidiogram of the Vaaica miiJatta monkcj is between 
tliat of the dog and man The larnbilitv includes iiegativitj of the T waves 
111 Leads I II and IV F and displacement of the S T segments from the iso 
clectne line 

2 The eleetiotai-diognm of malaria inlected Uacaca mulatta nionkevs does 
not differ from that of the controls in the great majoritv of instances The 
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Idle exceptions include maiked (left) axis deviation and slight piolougation 
ot the Q-T inteival No typically anoxenue electiocaidiogiaphic changes weic 
demonstiated, even in monkeys showing led blood cell counts only 25 pei cent 
ot 1101 raal 

3 The absence of significant electiocaidiogiaphic alteiations in moiikejs 
infected with P Knowlc^i is consistent with tlie known pathologic changes m 
malaiia in monkeys and with the findings of otlieis in a large senes of cases 
of malaiia in human beings 
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LETHAL EFFECTS AND ELECTROCAKDIOGRAPHIC CHANGES 
PRODUCED BA QUININE DIHYDEOCHLOBIDE IN 
MALARIA INFECTED JIONKEA'S 

R H Rigdont, M D , v^D Arthur Ruskin, M D 
G H.VESTO'T, Tex ks 

I NTEREST m the lethal effects of quinine on monkcjs infected with malaiia 
developed lecently when it was obseived that some animals died following 
an intravenous injection of quinine, while the same amount had no noticeable 
efftet on other monkejs ’ This observation brought to mind the controversy of 
fiftj 01 sixty yeais ago as to whethei the mortality late was gieatei m cases 
of seveie malanal fever treated with or without qumiue DeadeneV stated 
that the mortalitj rate was 25 9 per cent in 1,821 cases of blackwatei fevei 
tieated with quinine while it was onlv 11 1 pei cent in 1,006 similai eases not 
tieated with quinine Scvcial woikcis have wained against the uitravenous 
iiijcction of quinine in human beings BrahmaeharP advised that ui all cases 
of malarial fever in ivliicli the blood pressme was low, quinine dihjdrochloiide, 
when given intiaveuouslj, sliould be injected slowly, and accompanied bj eithei 
pituitnii 01 adrenalin Maxoy* warned that if the patient is alieady suffering 
trora circulatory embanassment, or the severe hypotonia sometimes associated 
with chrome estivo autumnal infections, tlie added burden produced bj the 
well intended theiapeutic effoit may result in a fatal outcome instead of im 
jnovemont 

Large doses of quinine given intravenously to human beings diieetlj de 
piuB the heart and lovvoi the blood pressure’ The disturbance in heart action 
seems to reach its maximum in somewhat less than two minutes as 95 per cent 
of an intravenous dose of quinine is removed from the blood stream within five 
minutes’ Respiiatiou and pulse rates are stimulated bj small doses and de 
pressed by larger ones Death occuis usually m coma from cessation of icspiia 
tion ’ 

In this expenraental studj observations were made fiist, to determine 
whether quinine dilivdrochloride is fatal in smaller doses when given to monkejs 
with a severe malarial infection than when given to noiaiial monkejs, and, 
second, to deteimiiie the electiocardjographic effects produced bj quinine in 
these two groups of animals 


MVTERUnS VND METHODS 

Tiurteen normal Macaca mulatta moakejs, weighing from 2 to 7 kilograms, were injected 
iDtraienouBly with closes of quinine dlhydroehloride varying from 20 G to 828 rag per klto 
gram A total of nineteen injections of quinine was given to these nionkevs Eleven animals 
infected with malaria were given quinine diliydrochlonde in do es varying from 18 7 to 41 3 
mg per kilogram A total of twenty one injections of qumino was given to tlieso monkeys 

, , hVom the Laboratorj of Experimental Pathology ami the Heart Station Department 
or Internal Medicine Unlveraltj of Texas Medical Branch 

Allied bj a grant from the John and Mary It. Markle Foundation 
Received for publication Ma> IS 1919 
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The qumme was uhv ijs given intiuvtuousH over a period of tliirtj to fortj seconds The 
preparation contained 0 5 Gni of quinine diliydrociiloridt, in each cubic centimeter, or 0 477 
Gm of quinine in combination 

Plasmodium Inoalesi was used to inlect tlitae monkeja TTie course of the disease was 
followed by red blood cell counts and b\ counting the number of parasitized red cella per 
500 erj tlirocj tea in the peripheral blood electrocardiographic tracings were taken at varjing 
times during the infection 

The electrocardiograms were obtaimd with the monkejs on their backs with each e\ 
tremity tied to an animal board Leads I, II, III, and an ipical chest load (corresponding to 
IV P) were made A series of tr icings w la taken for the control, and durmg the time of 
the injection of the quinine lead II was recorded Four more seta of tr icings were ob 
tamed immediateh, two, four, and ten niiiiutis Idtr The tot il number of tracings made for 
this studj, including the norm d controls, w is 215 


ULSULTb 

Table I showt, the efteet oi diftcteut aiuouiits o£ qiiniine dihydioeltloiide 
when given mtiavenously to noimal and malaiia-iutected animals The iiia\i- 
inuin amount of quinine that could lie given to a noimal monkey without pio- 
dueing death tvas appioMinaleh 55 mg pei kilogiam body tveight Ten 
malaiia-mfected moiikcjs died with doses ot quinine vaiying fiom 20 8 to 413 


T.U1LF l Amount oi Quimnl DiinanocnLOiani Givin iNficwhsousii Thvt PaoDUcro 
Devtu in Normu and Mviapia Infected Monivees 


NOIitVL MONK! vs 


SUUV n ED 1 

1 DIED 


QllMNfc 


QUININF 

MONKtV 

1 ( MO /KO ) 

MONIvlV 

(MG /Ku ) 

1<J 

201) 

33 

55 5 

20 

21 3 

I 

62 5 

22 

22 7 

3 

S2 8 

17 

23 0 



n 

25 0 



3 

n 3 



32 

12 5 



35 

15 1 



34 

45 4 



13 

45 7 



31 

50 0 



1 

55 2 



3 

55 2 




MAL.VUIA INPEClED MONKEVS 


SOKVIVEU 1 


bll-o 


1 

MOMvt-Y 1 

QUIMNE 
(MO /KG ) 

U D C 
(MIL 
HONTS) 

PVItVSITE 
MIA PER 
OOORBC 

MONKEY 1 

quiVINE 
( MO /KG ) 

RD C 
(MIL 
LIONS) 

1 pjvrvsite 

mia per 
oOOrbc 

21 

18 7 

3 1 

11 

8 

20 8 

3 04 

205 

13* 

20 0 

3 40 

09 

21 

22 7 

2 04 

30 

19 

20 0 

6 48 

62 

22 

22 7 

1 60 

24 

22 

22 7 

30 

12 

7* 

27 5 

19 

237 

22 

22 7 

1 58 

37 

13 

27 5 

19 

161 

5 

26 9 


62 

28* 

27 5 

121 

122 

28* 

27 0 

3 39 

3 

10 

314 

3 24 

154 

7 

27 5 

4 1 

127 

30* 

35 5 

- 


30* 

28 4 

- 

16 

11 

37 5 

- 

121 

12 

37 5 

- 

0 

16 

113 

- 


16* 

413 

- 

14 




_ — 


♦No electrocardiographic record 
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nil 


mg per Ktlogiam body ivejght Six of these ten animals died following the in 
jeetion of 27 5 mg or less of quinine per kilogram of body Height The malaiia 
infected monkeys that succumbed to the quinine had sei ere anemia and usually 
a high degree of parasitemia Ten monkejs with less severe anemia and fewer 
parasites m the circulating blood survived a dose of quinine of equal size 
(Table I) 


Tabie II. Lethal Effect oi Qbivine Diuybkoculocide on Monkeys Infecteo 
With P knowlesi 


MONKEY 

WCIOUT 
(KQ > 

LXPEri 

I MENTAXi 

1 n\Y 

KBC j 

i (MlLUONSl 1 

lABAfalTE ] 
MIA PER j 
t>00 R B C 1 

1 qUINlNP 

1 (mq ) 

1 RESUL.'rS 

21 

40 

10 

58 

10 

75 

feur\ivod 



12 

i2 

14 

75 

Survi\ttd 



13 

3 1 

14 

75 

Survued 


33 

’9 

2 04 

36 

75 

Died inuncfh'itely 

22 

3 3 

10 

•) 

SO 

75 

humved 



12 

36 

12 

76 

Sunived 



22 

162 

35 

75 

Survived 



23 

156 

37 

75 

Survived 



-4 

166 

24 

7o 

Died 30 mm later 

375 


9 

3 58 

120 

7o 

Survived 



21 

129 

45 

75 

Died immediately 

7 

3 0J 


4 1 

127 


Survived 



12 

190 

237 


Died immediatel) 

-8 


2 

- 

3 

200 

Survived 



3 


10 

300 

Survived 



4 

- 

46 

100 

Survived 


37 

0 

3 39 

3 

100 

Survived 


3 18 

II 

121 

12- 

87 

Died immediateU 

19 

3 03 

e 


14 

loO 

Survived 



7 

- 

1 

350 

Survived » 



12 


51 

150 

Died immcdiatels 


Sis monkeys with mataiia neie given the same amount of quinine intra 
venously one to four times preceding the last injection of the identical amount 
of quinine which resulted in then immediate deatiis (Table II) These monkevs 
lost some weight dming then disease, however, this factor alone apparentlj 
cannot accoiuit for their response to the same quantity of quinine at different 
intervals Monkey 28 survived 100 mg (27 4 mg per kilogram) of quinine on 
foui different occasions and died following the fifth injection of 87 mg (27 1 
nig per kilogiam) The anemia was seveic at the time of death in each of 
these six monkejs Fig 1 shows the con elation between the anemia, para 
sitemia, and the pciiodic intravenous injections of quinine in Monkey 7 

The monkejs given the larger araoiuUs of quinine first showed lespiratoij 
difficulties beginning about sixty seconds following the time of the uijection 
Respirations markedlj decreased and ficqucntly stopped for varying intervals 
following which time the monkevs gasped iri-cgularlj During this period 
cyanosis and slowing of the heart occurred and in such animals death usualli 
followed in two to ten minutes With a slightlj smaller dose of quinine the 
monkeys developed severe convulsions preceded and followed by twitcliings 
of different groups of muscles Cjanosis was frcqnentlj marked during the 
apnea and convulsions Some of the monkevs that had severe convulsions died 
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five to fifteen minutes latei The animals that suivived the convulsions weie 
unable to stand when ictuined to then cages thnty to sixty mmutes following 
the injection of the quinine Giadually these monkeys nnpioved and twelve to 
eighteen houis latei appealed noinial With the smallei doses of quinine no 
clinical changes iveie obseivcd 



The elect! ocaidiogiaphic eftects of quinine given intiavenously m botli 
noimal and malaiia-infected monkeys were usually ma\imuni immediately aitei 
the completion of the injection All the inteivals usually letuined to noimal 
in six to thnty minutes, with the exception of the Q-T inteival This was pio 
longed foi indefinite peiiods of time followng laigei doses of qumine iii bot i 
noimal and malaiia-infected monkeys Not infieqiiently, howevei, the Q- 
inteival was 0 1 to 0 2 seconds shoitei than the contiol duration at ten inmut^ 
after the injection of small doses of quinine in noimal monlieys (FiS 
segment deviations and T-wave leveisals occuiied after qumine in both noima 
and malaiia-mfected animals 

The effects of neai -equivalent doses of qumine m tliiee lepiesentative 
noimal and subsequently malaiia-iiifected monkeys aie shown in Table 111 
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The effects ou the thiee electiocaidiogiaphie mteivals of the vaiious doses 
of quinine used in both the noimal and malai la-infected animals respectively 
are plotted in Fig 3 By contiasting the B\o gioups, a giaphic illustiation is 
provided to show that smallei doses of quinine produce greater caidiodepiessive 
effects m malar la-mfeeted monke3^s than in normal animals These eleetro- 



FiS 3 — The variation o( the prolongation by varying doses of quinine of the atrlOTcn- 
tricular and ventrieuiar conduction times and the Q-T interval in normal and malarial moi- 
keys Much larger doses of quinine usually tailed to prolong the electrocardiographic inter 
vals in normal monkeys than smaller doses did in malaria-infected animals 

eaidiographic findings thus coiioboiate the clinically observed effects on the 
respiratory and neuromuscular sj stems and the higher mortality in malaria- 
infected monkejs than in the normal inonkej^s following equivalent doses of 
quinine 

It should be emphasized that the electiocaidiogiaphie changes induced by 
quinine m normal and mfected moukej''& vary only in degree and not in Innd 
The pattern following large and subiethal doses is as follows piolongation 
of the intervals, slowuig of the rate, auricular standstill ivith inereasinglv 
slower idioventricular rhythm, not mfieqiiently periods of ventiiculai tachy- 
cardia and ventiiculai ectopic beats, rarely auricular fibrillation oi flutter wit i 
varying A-V block All of these changes aie leversibje in animals that recover 
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from, these severe cardiac effects as m those that survne respiratoij aiiest and 
convulsions lasting se\ oral minutes 

The eleetiocaidiogiaphie findings m monkejs tliat died weie tjpified hi 
inoreasuig mtrai entriculai block and ventricular slowing and asj stole (Fig 4) 
Fiequently, hoiiever, respiratoiv failure was followed by reversal of the soiere 



Plff 4 — Monke> 7 Partially reversible electrocardiographic effects of a relatively small 
dose (27 7 mg per kilogram) of quinine In » malaria Infected monkey (parasitemia 1-7 per 
500 R.BC red blood count, 4 1 million) Marked slowing of the rate ventricular ectopics 
preceding and following ventricular tachycardia reversal of the conduction defects twenty five 
minutes after quinine administration 


electiocardiograpliic manifestations, so that only slon sinus rhythm nith faiilj 
short PB QBS, and Q T intervals accompanied oi follow ed by file to tnentj 
minutes ‘ clinical death ” 

The rapid accession and recession of caidiac effects produced bj quinine 
also noted by previous obseiieis' wcie emphasized in oui cNperiraents As 
an example, nearly identical conduction defects followed small (eg 20 mg 
per kilogram) doses of quinine lepeated in ten minutes at wluch time the 
effects of the first dose were usually completely gone Laigei (eg sublethal) 
doses required up to thiity or more minutes foi complete reversal Aurieulai 
arrhythmias and pioloiiged Q T intervals tended to persist following such dosage 
for the longest peiiod of time Gallop rhythm was noted stethograplncallj 
only once m seven observations Pluoroscopie and roentgenologic studies ui a 
lew monkeys icvealed no si„mfieant enlaigement of the caidiac chambers 
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DISCUSSION 

In this study no attempt was mada to establish the minimal lethal dose of 
quinine, eithei foi noimal monkeys oi foi animals in vaiying stages of malaiial 
infection Although the numbei of animals used in these expeiiments is too 
small foi statistical pui poses, the data ivould indicate that a monkey ivith a 
seveie malaiial infection is iiioie susceptible to the action of quimne than a 
monkey with a less seveie malaiial infection It would appeal fiom our data 
that the susceptibility to quinine is i elated moie closely to tlie anemia than it 
IS to the degree of paiasitemia Of couise, the anemia in malaiia lesults fiom 
the destiuetion of the led blood cells b> the paiasites In an nntieated animal 
theie IS a close coi relation between the dogiee of paiasitemia and the anemia 
However, wdien quinine is given the paiasitemia maj deeiease without an im- 
mediate increase in the numbci ot led blood cells 

It IS well knowm that the salts of quimne iiequenlly aie lethal when given 
intiaienously McCaiiison and Coimvall in 1918/ while studying the phai- 
macod>namics of quinine in sheep, showed that “ all the -salts ot quinine employed 
caused a piofoiind fall of blood piessurc not accompanied by a cessation, oi 
even much diminution in the stiength, of the heait’s beat, except m the two 
instances in which the lespnatoij'' eentei failed The fall of blood pressure 
IS usually recoveied flora in foiu oi five minutes but the peiiod of caidio- 
vaseulai depiession may last foi a consideiable time ” These investigatois also 
emphasied the fact that “the lespiiatoiy centei is moie giavely aiiected than 
the caidiac centei ’’ Maxey* noted m. human patients given lap^id mtiavenous 
injections of quimne svniptoms simulating the eailv findings m oiu monkeis 
Dizziness, sweating, hypotension, dilated pupils, twitchings ot the face lasting 
thiee to ten minutes, and possible convulsions iveie, in his expeiience, dangei 
signals 

The eleetrocaidiogiaphic findings m noimal and malaiia-mfected monkeys 
have been lepoited by ns in a pievious papei ® Tlieie is little vaiiatiou fiom 
normal in the eleetrocaidiogiaphic pattern of monkeys witli a seveie malaiial 
infection The changes in a monkey with a seveie malaiial infection given a 
lethal dose of quimne aie smiilai to those in a noimal monkey given a lethal 
dose of quimne, although the quantitj of quinine given to the malaiia-infected 
animal is only about one-half that necessaxy to pioduce death in the noimal 
monkey The conduction times and electxical systole aie moie maikedly pio- 
longed in qmmne-tieated monkeys with a seveie malaiial infection than m 
noimal animals and, also, those monkeys with a less seveie malaiial infection 
The occasional shoitemng of the Q-T inteival seen ten minutes aftei the in- 
jection of quimne paiallels the same finding in isolated labbit heaits following 
quinidine “ 

The questions may be asked Is the eftect of quimne only diiectly on the 
myocardium and the conduction system, oi aie the lesulting eleetioeaidiogiapluc 
changes aggiavated by anoxemia and the depiessive action of quinine on the 
medullary centers? It would appear to us that anoxemia is not the piimaiy 
mechanism m the caidiac lesponse since monkeys with a seveie malaiial m 
fection aie anoxic, and then eleetiocaidiogiaphie lesponses aie essential y 
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tlie same as tiiose of normal monkcjh The direct caidiac effects of qamme 
and the ralatne coionary insufficiency lesulting from anemia, hypotension, and 
respiratory insufficiency, houeiei, maj be additive 

A second problem in the mechanism of death m these malaria infected 
moiihejs is the relationship of anemia to the action of quinine on the respiratory 
center The manner of death is the same in monlcejs with a severe malarial 
infection feiven a small amount of quinine as it is in a normal monkey given 
twice as much quinine In man it is ivcU laioiin that the respiratory volume 
and the cardiac output are increised in cases of severe anemia This implies 
incieased work and fatigue oi both the lespiratorj centei and the heart Large 
doses of quinine maikedlv depress both the hcait and lespirafory centers, 
especially in monkeis iiith a sevcie anemia The electioeaidiographic changes 
ui dogs with a severe and iireiersibic auo\ia'“ are similar to our findings in 
monkejs folloinng a lethal dose of qiunnie As previously stated, the electro 
caidiogiams were esseiitnlh iionnal in oui monkeys with a severe malarial 
uifection, although thev iiere anovemie This apparent disciepancy in the 
electrocardiographic changes in these dogs and monkeys may be evp lamed by 
the fact that the degree of anoxemia in oui malaria infected monkeys apparently 
had not leaohed the iiicieiaihle stage, while the dogs studied by Swann‘° were 
in extremis at the tune the tiacings were obtained Experiments aie now in 
progress to study the relation of anemia to the effects produced by qmnnie 


SUilM IRl 

1 Moiilevs with 1 severe anemia resulting liom P inowlesi infection sue 
Climb to a smaller dose of quinine given intravenously than noianal animals or 
those with a less severe anemia 

2 The electrocaidiogiaphic changes following equivalent doses of quinine 
in malaria infected monkey s follow the same pattern as in normal monkeys, 
but show evidence of greatei cardiodepression 
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A NEW INTRAMUSCULAR PREPARATION OP QUINIDINE 
(QUINIDINE GLUCONATE)* 


Saaiuel Bellet, JI D , vnd John Urbach, M D 
Phil VDELPHLV, Pa 

T he object of this communication is to lepoit our expeiienee AVith the use of 
an mti amuse ulai piepaiation of quimdine Avhich Ave believe has certain 
dcLantages ovei that at piesent available The value of quiniduie in the tieat- 
meut of eeitain caidiac aiihythmias is well lecognized In most of these, the 
piepaiation available foi oial use, quimdme sulphate, is adequate Howevei, 
in certain acute oi paio\>smal aiihythmias, the abnoiiiial late and ihytlmi mav 
cause caidiac paui, intense palpitation, dyspnea, vomiting, a hliocldike state, 
and e\en death In these conditions ivlicic qumidine is of recognized effieaej, 
paienteral administiation, because of its iiioie lapicl absoiptioii and ceitaintv 
oi eftect, has eeitain advantages oi'ci oial administiation In addition, otliei 
indications toi paienteial administiation are vomiting and diaiihea, niodeiate 
01 severe giades of congestive failuie when absoiptioii by moutli is slow and 
iinceitain, and the piesonce of any condition (postoperative, foi example) which 
might pi event the patient from taking food by mouth 

The intiavenous piepaiations of qumidine which aie available aie quimdme 
liAdiochloiide and qumidine lactate Oui expenence with the intiai'enous piep 
aiations is limited to i datively few patients because of then possible harmful 
effect 

We have had a rather extensive experience with the intiamnsculai piep 
aiations of qumidine over a period of years We have found the intiamuscular 
method to be a satisf actor j and a relatively safe one for administration of this 
drug SagaU, Horn, and Risenran' have shown that folloivrng an intramuscular 
mjection of 5 grains of qumidine Indiochloiide, a definite response is observed 
m fifteen iiimutes and occasionally m five minutes The maximum effect of the 
quimdme injected intiamusculailv ivas obtained m one and one-half hour's 
As far as ive are aivaie, the only intramuscular preparation at present available 
is that reported by Stuinick, Riseman, and Sagall,® in which qumidine hydro- 
chloride IS buffered Avith urea and antipyiine We have found this preparation 
to be quite satisf actoi’y Hmvevei, m some of the lots which u'e have had pie 
pared, the salt has settled out and some of the injections have been pamful 

We have recently used quinidme gluconate for intiamuscular injection and 
have found the results obtained to be quite satisfactory The formula for tins 
preparation is 

C,oH„,N„0. C H„(OH) 5 COOH 

From Tlie DKision of CaiUiolog) Philadelphia General Hospital and The Robinette 
Foundation XJnnersity of Penn'-ylvania 

This work was aided b> a grant from the United States Public Health Service 
Received for publication May 24 1949 _ 

•The drug was supplied by the Phjsielans Drug and Supplj. Company Phlladelp a 

Ills 
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Plff 1 — 1 GW 02 j ear old n>an Dla^osJ** arterlosclerotfc heart disease congestive 
h^rt failure and diabetes (Lead CR».) Upper strip shows evidence of digitalis Intoxication 
aianj extras^ stoics arc noted three of them occurring in succession Lower strip four hours 
after 7^^ grains of qulnldlnc gluconate have been given Intramuscularly shows only occasional 
ventricular cxtrasjstoJes and a return to a predominantly normal rhythm 

F il D 4S year old s/oman Diagnosis rheumatic heart disease mitral stenosis cardiac 
enlargement and auricular fibrillation (Lead CIL ) Upper control strip shons auricular 
fibrillation with a ventricular rate of about four hundred per minute Middle strip one hour 
after Q grains of qulnldlne gluconate had been given Intramuscularly shows that the auricular 
rate has slowed to tlireo hundred per minute with tlte production of auricular flutter The slow 
Ing of the auricular rate In auricular fibrillation Is a characteristic qulnldlne effect Lower strip 
eleven hours after qulnldlne gluconate bad been given shows a return of the auricular fibril 
latlon 

O L D 48 year old man Heart normal Lead CIL was taken Seven and one half 
grains of qulnldlne gluconate w'^re admlnlstercl Intramuscularlj and electrocardiograms 
repeated at fifteen minute intervals for three hours and at one hour Intervals thereafter The 
segments of the record are from right to left control fifteen minute'* thirty minutes two hours 
two and three quarter hours and twentj four hours after qulnldlne was administered. Note tl\e 
mltlal effect of qulnldlne action observed In the tracing taken fifteen mlnutca after injection 
^ote the notched T wave and the slight lengUienlng of the QT Interval which continues for 
several hours The tracing taken twentj four hours after the injection shows a return to 
normal with absence of quinldme effects 


The molecular weight is 520 55 , it contains anhj drous quinidiue 62 3 per cent 
and gluconic acid 37 7 pel cent It occurs as a white dextrorotatory powder 
which IS soluble in nine parts of water The solution is neutral or slightly 
alkaline m reaction ^ 

This preparation has been used bi ns in -various cardiac states in fifteen 
patients some of whom leeeiicd as man} as ten injections of 150 mg at vanung 
Intel vals This prepaiation appears to have some advantages over that men 
Honed Tile solution is stable, the preparation is relatuel} simple in type, it 
results in no irritation at the site of the injection, and the administration of 
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othei compounds (foi example, antipyiin, the action of which may be umvanted 
and undesiiable) is not neeessaiy Chaxaeteiistic quinidme effects weie obtained 
eiinically These consisted of abolition of ventiiculai e\ti asystoles, slowing of 
the auiiculai rate in auiiculai fibiillation, and the pioduetion of ebaiacteiistic 
changes m the T waves and Q-T inteivals m patients with noiinal sinus ihythm 
We have obtained obseivable effects within fifteen niuiutes following the injee 
tion of a 5 to 7^ giam dose of the ding (Pig 1, hi, B, and C ) 

SUMMARY 

Oil! expel jcnce with an mti amuseulai pieiiiuation of qumidine (qiiiiiidiiie 
gluconate) has been lepoited The solution is stable, is simple in type, and 
lesuits in no nutation at the site of tlie mjeetion A chaiacteiistic qiumdine 
effect IS obseived m a lelatively shoit peiiod ot time aftei injection, as eail> 
as fifteen minutes aftei a dose of 5 to 7i/> giams Absoiption by the mtia 
museulai loute is ceitain, uuitoun, and lelatively safe This loiite of admniis 
tiation is suggested foi those patients in whom a lapid effect is leqmred oi in 
whom its admunstiation by the oial loute is not cousideied feasible 
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STUDY OF G03IPLETE PARLNTEKAL ALIJtENTATION ON DOGS 

H 0 31 D Ph D , VND Pr INCES E VRL.\, B A 

NlSHVJLlE, TeNN 

T he pieseiit study was undei taken in an effort to impioie the nutritional 
status of patients who cannot receive food hy mouth but who must be fed 
paicnteially Such patients reqiiiie a nutrient supply not only adequate in 
caloric content but also one uhich tontaiiis sufficient water, minerals, vitamins, 
carbohydi ate, protein and fat Each of these six nutritioml elements le 
quires the piesence of the othei file befoic it can be pioperly utilized 

Intravenous feeding of glucose saline, some of the vitamins and ammo 
acids 01 piotein hydiolisnte has been common piacticc for some time but has 
not proved to be completeh satisfactoiy because of the lack of fat It has 
been difficult to obtain a fat eiiiulsion suitable foi intiaienous use and the 
liteiatuie contains only liie lepoits' * of attempts to use parenteial alimenta 
tion using all three of the encigy producing foodstuffs In these leports eithei 
the diet was incomplete oi the poiiod of feeding too short foi adequate evalu 
ation of lesults 

Recent ivoik” has led to the development of a stable fine fat emulsion 
which IS belioied to he suitable for intraienous use and should oieicome the 
difficulties deseiibed A complete intravenous diet was prepared using this 
emulsion and a protein hydioljsate It was administered to dogs over a 
peuod of ten weeks during which time they leeeived food exclusively by 
vein ' Results weie geneially vciy satisfactoij but the nmmals showed intei 
mittent hematuiia and a mild anemia 

It was felt that the hemntuua might have been due to the meohanioal diffi 
eulties in voiding The piesent study was earned out in an attempt to avoid 
the pievious difficulties and demonstnte the possibilitj of maintaining an 
imals completely health} h} complete psieiiteial alimeiitstion 

f XPERIJIENT vn l ROCEDUKEb 

The fat emulsion used in this experiment was prepared as described m the previous 
communication ® However its composition was altered shgbtl} It is shown in Table I 
Five healthj adult dogs were used m this expenment The animals were confined in 
mdmdual metabolism cages which permitted a quantitative coJleetion of urine In tho con 
trol period they were fed a complete basal diet (Table II) uhich furnj''hed 80 calories per 
hilogram of body weight per day of which 50 per cent came from carbohydrate, IG per cent 
from protein, and 34 per cent from fat Immediately following this period, four animals 
(Dogs B, R, C, and M) wero giicn a diet contamuig the ‘same amount of carboliydrate, pro 
tern, and fat, but it was infused exclusivelj \ein Carbohydrate uas furnished in the 
form of glucose, protein in tlic form of Amigen * and fat as 10 per cent olive oil emulsion 

From the Department of Phjslolosy AanderblU UnKeraUy Medical School 
ThU Investigation was supported In part bjr a research grant from the DUIslon of Re- 
search Grants and Fellowships of the National Institute of Health U S Public Health Serv 
*ce and the Committee of Sclentlflc Resear h Vmerlcan ifecJIcil Association 
Received for publication "March 3 1949 

Anilffen a protein hjdroljsate was /urnished through the courteaj of Dr Marren M 
*- 01 . Jr Mead Johnson Companj ExanavIUe Ind 
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Table I Composition op Fat Emulsion 


constitueat 
Pure ohve oil* 

Span 20 
A^oleetin 
Sodium Uiolate 
Glucose 
Vitniuin Ai 
Vitamin Dt 

Alpha tocopherol acetate 
Distilled uater 


AMOUNT 
10 0 Gm % 
0 5 Gm % 

0 4 Gm % 

01 Gm % 
5 0 Gm % 
770 units 
110 units 

3 5 mg 
So ml 


•Pure virgin ohve oil 

tSupplied as Oleum Percomorplium a product of Aleud Johnson S. Companj Evansillle 


Table II CoiiPLETE Basal Diet 


CO^TENT 

AMOUNT/KQ PER 
D\Y 

CAL /kg PERDVX j 

% CAI OKIES 

Sucrose 

10 00 Gm 

40 0 

50 0 

Casein 

3 30 Gm 

13 2 

16 0 

Yeast 

0 90 Gin 

— 

— 

Celluration 

0 90 Gni 

— 

— 

Salt mixture* 

0 42 Gm 




Lard 

3 00 6m 

27 0 

34 0 

Vitamin A 

250 U S P units 

— 

— 

Vitamin D 

30 U S P units 

— 

■ 

Total 

18 52 Gm 

SO 2 



•Wesson a salt mixture * 


Minerals and vitamins other tlian A, D, and E were supplied also The composition and 
amount of mineral and Mtamin mixtures infused into the animals in this stud} are shown 
m Tables III and H’’ Water was allowed by mouth ad libitum and liver extruct* and foUe 
acidt were guen lutramuscularlj every week The iifth dog (Dog Y) received the same 
amount of carbohvdrate, protein, minerals, and vitamins but uithout the fat The caloric 
intake of Dog Y during the parenteral feeding period uas inadequate (53 calories per kilo 
gram per day) 


T.vble III SvLT Mixture 

CONSTITUENT Gil /KO PER PAY 


Sodium chloride 

0 400 

Potassium iodide 

0 001 

Calcium gluconate 

0 250 

Magnesium chloride 

0 025 

Potassium chloride 

0 02 

Ferric chloride 

0 003 

Copper chloride 

0 0007 

Potassium acid phosphate 

0 048 

Sodium phosphate, dibasic 

0150 


Table IV Vitamin Mixture 


CONSTITUENT MO /KG PER DAY 


t/Uix oil A u 1 

Thiamine HCl 

/ -fcKxi * 

0 20 


Biboflavm 

0 10 


Pyridoiine HCl 

0 06 


Calcium pantothenate 

0 20 


Choline chloride 

10 00 


Inositol 

2 00 


Nicotinamide 

2 00 


Hykinone 

0 10 

_ 


_ 

•Lwer Infection U S P obtained from Division of Wilson and Company me 
III One milliliter (10 U S P units) was gi\en weekl> 

tFol\ite a product of Lederle Laboratories Dl\ision American Cjanamid Comp 
lork, N Y Two milUlitera (15 mg per milliliter) were given every weeK 
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The effects of complete parenteral alimentation on hematologic changes, body weight, 
nitrogen balance water balance hver fiun-tion total plasma protein plasma nonprotejn 
nitrogen, and unnarj sugar and albumm were followed The same studies also were carried 
out for three or four weeks prior to the injections 

Methods of chemical determinations and hematologic study performed in this eipen 
ment are as follows The nitrogen content of urine and diet was determined by the semi 
micro Kjeldahl method The nitrogen content of feces was calculated as 12 per cent of the 
urmary nitrogen excretion based on the previous experimental results® The nitrogen bjil 
ance m the three da> period was determined Tho * water balance ' was simply measured 
h} the differences between the volume of fluid intake (water bj mouth or water by mouth 
plus infused fluid) and the volume of unnarv output It also was conducted over a three 
day period blood sample for hematologic study was drawm on Monday morning before 
the infusion started in all instince*! (approximately thirty to forty hours after the previous 
injection of tho sixdajaweck schedule^ Blood hemoglobin was determined by Sahli s 
method Bed and white blood cells were counted in the accepted maimer and the faemato 
crit was obtained b> centrifuging the ovaHted blood in a ^\lntrobo tube for half an hour 
at 2*100 revolutions per minute Pod> weight was obtmnid just prior to the blood sampling 
for hematologic tudi e\ery Mondav 

Tho methods uscl for deteroiming total plasma protein plasma nonprotein nitrogen, 
rose bcngal dye clearance test erum phosphatase mil unnarj sugar and albumm were 
the same as described in the previous communication < 

A solution containing 10 per cent Aniigcn 35 per rent glucose and the required min 
erals and vitasuns was mixed anl infused a< one solution The olive oil emulsion waa in 
fused separatelj and in all instant was infused before the other mixture Daily infusion 
was completed in approximatclj tune to ten hours (three to four houiS for fat emulsion and 
six to seven hours for Amigen gluco e xitamius and minerals) The infusion rate of glu 
CO € protein and fat was approxiraatelx 14 0 55 and 0 8t> Gm per kilogram of body weight 
per hour respectively 

During infusion, the animals reoiuined in the individual cago'^ The use of the swivel 
of Jacobs'o xvith modification permitted the animal complete freedom of movement during the 
mfusion Infusions were earned out bj introducing polyethylene tubing* (0 025 by 0 004 m ) 
into the external jugular vein The tubing was left in the vem for two to five week^ The 
dogs were infused for four weeks and then sacrificed for histologic study 

REbULTS 

General Ippearance — All animals (Dogs P B C and M) which leceived 
tomplete paronteral alimentation including the fat remained healthy lively 
and in good spiiits throughout Then hail was smooth and shining How 
ever, Dog Y, which received no fat appeared -very emaciated and apathetic 
Its hair was very coarse and dij and epilation ins starting to oecui on the 
hind legs The conditions are show n in Figs 1 and 2 

Hematologic Studies — In Table Y are shoivn the henntologie values of 
the five animals (Dogs B B, C M, and Y) determined dnnng the eontiol 
peiiod Table VI piesents the average deviation of the neehly hematologic 
findings of Dogs B, K C, and 31 dnnng the experimental peiiod from those 
deteinimed dnnng the jieriod of eontiol The deintions of the weekly find 
mgs during the expeiimental period of Dog 3r aie also shouii in Table VT 

, Polyethilene tublne was obtained from the Irvington Varnish and Insulator Compam 
Inington N J 
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The diffeiences in white cell count and hemoglobin determination in Dogs B, 
R, C, and M dm mg the entiie fom-week peiiod of complete paienteial ali- 
mentation with the fat were not significant Howevei, these dogs showed a 
slight fall in led cell count aftei the fouith week and a slight fall in hemato 



Fig 1 — A photograph of Dog B winch was taken at the end of the four-week period of coiu 
plete parenteral aliinentation including the fat 


Table V * Heisatolooic Values During thf Control Period! 


DOG 


B 

K 

C 

M 

Y 


1 RT.OOD PICTURE — 

K B 0 
(MILLION 

PER CO MM ) 

wnc 

(PERCU aiai ) 

HB 

(GM %) 

hematocrit 

w ___ 

^ rT'e" 


6 03 
6 96 
6 04 
5 27 
4 58 


17,350 

14,517 

15,400 

9,988 

10,180 


14 2 
13 6 
13 9 
13 7 
12 3 


14 5 
38 0 
37 0 
34 0 


•Acknowledgment is made to Dr Margaret P Martin Vanderbilt Uidverslty Me 
School, for statistical analysis of the data presented in Tables V VI and vii weekly 

tFor red blood cell count and white blood cell count the average value of 

observations for each dog was computed For hemoglobin and hematocrit m 
the three or four weekly observations for each dog was used 
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crit aftei the third week of infusion iihich is statistically significant Dog Y, 
the annual which receii ed pai entei al alimentation without fat, also showed a 
slight reduction m hematocrit after the third week and a marked reduction 
aftei the foui th i\ eek of infusion 



PJs — V photograph of Dog 1 which was taken at the end of the four week period of paren 
tcral alimentation without the fat. 


Table VI Deviation From the Values Determined During the Control Period 


1 BLOOD PICTURE 


R.B C 


1 


WEEK 

(MILUON PER 

W.BC ' 

HB 

hematocrit 

(experimental) 

CU MU ) 

(PER CO MM ) 

(QM %) 

(%) 

Average Deviatwns for Dogs B B C 

and If 


1 

+0 04 

+ 924 

-0 25 

+04 

2 

-0 32 

+1336 

-0 35 

-2 5 

3 

-0 50 

+2,599 

-0 65 

-4 5 

4 

-0 74 

+2,512 

-0 60 

-4 5 

impbng variation of each 

±0 54 

±3,282 

±124 

±2 56 

of these averages ± 





Deviations for Dog y 

1 

-0 36 

-1,330 

-1 00 

0 

2 

+0 37 

-1 330 

-0 2 

0 

3 

+0 27 

+3,770 

0 

-2 0 

4 

+011 

+10 180 

-1 00 

-30 


Body Weight and Nitrogen Balance — ^All four animals (Bogs B, R, C, and 
^I) receiving complete parenteral alimentation maintained or slightly in 
creased body weight during the period of infusion However, Dog Y which 
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leceived the same imtiient medium but lYithout the fnt !n<jt ia ^ j> 

i4 ift ^ 


ilNJECTlON ■ hNJECnON ilNUECnON^^ 

■lLL 


» 2 3 12 3 4 


»234 1234 

time in weeks 

DOG C 


12 3 4 12 3 4 



1231234 1231234 


time in weeks 




bocU weight during the complete 
the nutrient medium) similar to 


(Bog R) 01 second (Dog M) oi both fiist and second (Dog B) weeks ot iii 
t^ioii Hoivevei , negative balance also was obsei ved on Dogs B and 31 dm mg 
the second and foiiith iveek lespeetively of the eontiol peiiod The mtiogen 
balance of Dog Y duimg infusion was less positive than that duung the con 
tioipeiiod The results ai e sho%vii in Pig 3 
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“Water Balance ’ — Dunug the contiol peiiod the aieiage “water bal 
ance” of the thiee day inteival scheme for Dogs B, K, C, and M was +818 ml 
(langing from 634 to 985 ml ) The same animals averaged +1,447 ml (rang 
mg from 969 to 1,938 ml ) foi the e\peiimeutal period The same change 
took place in Dog Y The signihcancc of these obsem ations is doubtful since 
no account was taken of the insensible loss Theie was piobably no true wa 
tei retention since theie was no evidence of edema The results of this study 
ai e pi eseiited in Table IfTT 


T VBLE VII SUUM Utl OP THE WATEK BALANCE ’ ’ 




NUMBER OF 

INTVKE (ME ) 1 DAY 

OUTPUT OP 
URINE 

BALANCE 

I>00 

PERIOD 

^VEEKLY 

OBSERVA 

TIONS 

UATERUV 

MOUTH 

(AVEaaOE) 

FLUID 
INJECTED 
( \VEBAOB) 

TOTAL 

(average) 

(ML) 

3 DAY 
(average) 

(ML) 

3 DAY) 
(average) 

B 

Control 

1 


— 

2,260 

1420 

+ 840 

R 

Control 

1 

1 890 

— 

1,800 

1030 

+ 860 

0 

Control 

4 

1 708 

— 

1,708 

723 

+ 985 

M 

Control 

4 

1,043 

— 

1,643 

1 009 

4 634 

Average for 

4 dogs 

10 

1,7a/5 

— — . 

1,755 

938 

4 818 

B 

Exper 

4 

J 404 

3,990 

5 444 

4,475 

4 969 

R 

Exper 

4 



5 280 

4,235 

41,045 

0 

Exper 

4 


1750 

0 530 

4 695 

+1,835 

M 

Exver 

4 

2 28^1 

3 600 

5 945 


4l 9oS 

Average for 

4 dogs 

10 

2 09$ 

3 705 


4 353 

+1 447 

V 

Control 

3 

■EfiHiSB 

— 



4 830 

T 

Exper 

4 

3 4o3 

2 550 



4l 308 


Blood Chemtsluj and Ltttr Function — Theie was no change in total 
plasma protein eoiieeiitratioii The plasma iionprotein nitrogen lemamed 
within the normal lange throughout the infusion peiiod eveept in the case 
of Dog 31 which showed a slight inciease Howetei, there is no basis to as 
sume that suen change was due to renal damage incident to those infusions 
since the findings observed during the control period weie high The rose 
heiigal cleaianee test was leduced in thiec of the foui dogs (Dogs B, C, and 
31) receiving complete pai enteral nlniientation Senim phosphatase was some 
what elevated in all the animals of this group The aiumal (Dog Y) which 
leceived no fat demonstrated the same changes Howevei the seium phos 
phatase determinations made just befoie the animals were sacrificed showed 
loweied or normal levels in all five dogs These results aie shown in Table 
YIII Neither sugai nor albumin was detected in the urine thioughout 

Histologic Study * — Gioss examination levealed no abnormalities at the 
end of the four week infusion peiiod in both gioups of animals (with or with 
out the fat) 3Iieioscopieally, Dogs B R C and M the animals leoeiviiig 
complete parenteral alimentation showed a few staiiiable fat gianules in some 
of the Kuplfei cells Howevei , the parenchymal cells wei e fat fi ee and nor 
mal There was no fat observ ed m the livei of Dog Y In the kidney see 
tions of all fii e animals including the dog (Y) receiving no fat there was posi 
tu e fat stain in the ej toplasm of some of the distal convoluted tubules The 

. . ..*-^cknowledement la made to Dr James K Dawson Jr Professor of Pathology Van 
uerbiit Unlverslt> Medical School for Interpretation of the histologic sections. 
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glomeruli appealed uoimal and no fat was demonstrated The sections of the 
lung of Dogs R, M, and Y showed normal stiueture and weie fat fiee Theie 
were three oi four fat emboli obseived in the lung section of Dog C, other 
wise it was essentially noimal Theie was a veiy small ulcei which ivas m the 
acute stage seen in the section of the duodenum of Dog M, but no similar 
finding was seen m the sections of the othei animals Other sections revealed 
noimal heait, pancreas, stomach, spleen, bone mariow, and adienal and thy- 
roid glands in all five experimental animals 


Table VIII Effect on Livee Function, Total Plasma, Proteins, and Plasma 

Nonprotein Nitrogen 


DOO 

B 




TOTAL 

PLASMA 

PLASMA 

ROSE BENQAIi 



PROTEINS 

NPN 

CtiEARANCE 

PERIOD 

WEEK 

(QM %) 

(mg %) 

(%) 


SERUM 

PHOSPHATASE 

(ALKALINE) 



1 




*Bodansky units per 100 milliUters 
tJust before animals were sacriflced 


DISCUSSION 

The animals used in the pievious expeiimenf iveie injected while 
on their sides on a canvas frame It is obvious that the uiinary blac ei 
came veiy much distended since the animals weie not accustomed to voi 
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such a position Hematuiia resulted simply by rupture of the blood capillaries 
of the urmary bladdei due to meehauical stretching This was pror ed to be 
true by autopsy findings By using the swivel device in this study, the an 
nnals were permitted to more at will There was not the slightest difficulty 
eneounteied in iiinirtion or defecation and hematuria has never been oh 
served 

Although the results showed a statistically significant fall of red cell 
count and hematocrit, it is reasonable to believe that the fat emulsion infused 
was not lesponsible for the slight change In the first place, the observed 
average decrease foi red cell count of Dogs B, B, C, and M was only -0 74 
after the fourth week of complete parenteral alimentation with the fat Sec 
oud. Dog Y, the animal which received no fat, also demonstrated the reduc 
tion of hematoeiit (Tables V and VI) Such small changes avould not be sur 
prising in view of the change of diet and degree of hydration. Puially, his 
tologic evaminations showed essentially normal bone mariow in all the ex 
perimental animals which would fiutlicr support the belief 

The reduction of rose bengal clearance and elevation of serum phos 
phatase observed during complete parenteral alimentation indicate the ini 
pairment of liver function However, the changes were demonstrated m all 
five dogs including the one which receiied no fat The serum phosphatase 
determuiations made just before the animals were sacrificed gave values which 
weie at the control level (Table VIII) In view of this fact it seems reason 
able to state that the signs of liver impairment were not caused by the intia 
venous adnunistratioii of fat but lather were due to the complete parenteral 
ahmenatiou m general smeo Dog Y which leceived no fat, demonstrated the 
same lesult It is quite likely that during the infusion period the livei was 
under a heavy burden and bad to work extiemely haid m order to cany out 
the necessary processes for the utilization of the nutrients mtravenously intro 
duced Furthermore the histologic examination of the hver showed normal 
parenchymal cells which again rules out the possibility of severe Uver damage 
The presence of a few fat granules m some of the Kupffer cells of the liver is 
probably as one might expect However, it might be suggested that in elm 
leal use if a patient’s liver function is seveiely impaired, parenteral abmenta 
tioii of any kind be given only after careful consideration 

The stainable fat found in the renal tubules is probably not the result 
of intiavenous administration of fat There was more stamable fat dem 
onstrated m the tubules of Dog Y the ammal receiving no fat, than in those 
of the fat infused animals Albumm was never detected in the urine, and 
surprisingly enough glycosuria was never observed during the complete paren 
teral alimentation although the mfusion rate of glucose was approximately 
1 4 Qm per kilogram of body weight per hour IVoodyatt and associates'' 
reported that 0 85 Gm per kilogram per hour (in 30 to 50 per cent solution) 
was the maximum speed of intravenous infusion of glucose without produc 
tion of glycosuria Lockhart and Elman" recently found that m human sub 
Jects 0 5 Gm per kilogram per hour was the maximum speed of infusion with 
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out production of glycosuna This may be inteipieted m pait, at least, as 
being due to the following factors (1) The addition of piotem hydiolysate 
to the glucose solution inci eases the late of utilization of glucose by the tis 
sues as suggested by Loekhart and Elman “ (2) The addition of vitamin 

and mineral mixtiiies as earned out in the piesent study may fuither enhance 
the glucose pi otein hydiolysate utilization (3) The late of glucose iitiliza 
tion may be faster in the dog than in man Neveitheless, the absence of albit 
minima and glycosuria demoiisti ates that theie was no luipaument of lenal 
function which can be attributed to the complete paieiiteial alimentation 
The ineiease in iiimaiy volume output dining paienteial alimentation 
was simply due to the inti avenous administi ation of a lai ge quantitj of fluid 
The Avatei intake by mouth of Dogs B, R, C, and M vaiied veiy little, ivith 
an aveiage of 1,755 ml foi the thiee day inteival scheme dining the coutiol 
peuod Eien dmmg the expenmeiital peiiod, oial watei intake of Dogs B 
and R was in this lange Howevei, watei intake by month of Dogs C and M 
was inci eased dm mg the expeiimental peiiod The aveiage watei intake by 
mouth of Dog Y was 2,070 ml duiing the eontiol peiiod as compaied with 
the average of 3,453 ml duiing the expeiimental peiiod The mciease of 
watei intake by mouth of Dogs C, M, and Y was piobably due to the eleva 
tion of loom tempeiatuie duiing the fiist pait of the "vvintei when the looms 
were fiist heated The watei loss by chamiels othei than uimaiy output, 
e g, panting, was inci eased, leading to an ineiease of “watei balance ” How- 
evei, it is not a tine letention The average “watei balance” of Dogs B, B, 
C, and M dining the contiol peuod was +818 mdliliters The aveiage 
amounted to +1,447 ml diiimg the expeiimental peuod foi the same gioup of 
animals The aveiage ineiease of “watei balance” foi the thiee-day intei- 
val scheme was 629 nil which is only 209 ml pei day The average “watei 
balance” of Dog Y, the animal leceivmg no fat, was also iiici eased dining the 
expeiimental period (428 ml foi thiee-day peiiocD (Table VII) It is oiii be 
lief that theie was no distuibance in body fluid of difteient compaitments 
dm mg paienteial alimentation (with oi without fat) in the piesent study 
The expel iment of omitting fat fiom the diet foi complete parenteral 
alimentation of Dog Y was planned in an attempt to obtain fiuthei endeiice 
foi the utilization of the mtiavenoiisly admimsteied fat The animal (Dog Y) 
leceived inadequate caloiic intake dmmg the infusion peuod It is assume 
that if the infused fat is not utihzed in the body then the lesults demon 
stiated by the two gionps of animals (with oi without the fat) shoul e 
similar It is true that pait of the mtiavenoiisly admimsteied piotem y 
diolysate is lost m the urine Unfoi timately, deteimination of amino nitiogeu 
in the mine was not earned out in this study Howevei, it was piobably no 
more than 10 pei cent, since most mvestigatois have shown it will not exceec 
this if the late of infusion is not too lapid The loss of amino nitiogen^ y 
means of the kidney might account foi the difficulty in establishing ■>^diOoC| 
balance dining paienteial alimentation Nevertheless, the two groups o ai 
imals (with oi mthout the fat) should appeal similai as fai as the iiitiog 
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loss ib concerneti In -new of these findings it is logical to believe that the 
injected fat is utilised in the bodj for cncigy Dog Y lost 14 per cent of its 
initial body weight and appealed apathetic and emaciated while the othci 
animals which leceived the fat ivcie health}, Iiiely and in good spirits and 
maintained oi incieased then hodi weights (Fig 3) The gam in body weight 
of the animals leceiving fat was not due to the deposition of the injected fat 
as adipose tissue as has been deinoiistiatcd b} JleKibbin and associates 
Moreovei the diw, eoaise hair and tlie ejiilation of the hind legs of Dog \ 
were probablj due to a defioienej of the essential fattj acids as demonstrated 
by Evans and Buir” “ Buu and eowoikeis,^ and by Evans and 
Lepkovsky " on lats, and hj Hansen and lYiesc “ on dogs since low caloric 
intake (53 calories pei kilogiaui pei day) is piobably not the only factoi 
lesponsible foi the gencial pietnie Mann and associates ^ showed additional 
evidence of utilization of the inti iv enously injected fat in gi owing puppies 
More recently Gejei and eo woikeis ‘ and Leiner and eo woikers ’ were able 
to demonstrate the picsence of C“ fiom the collected evpiied CO 2 fiom rats 
after nitiavenous iniection of C“ labeled tiilannn and tiipalmitiii fat emnl 
sions However further investigation should he earned out 111 this regard 
with adequate and inadequate caloiie intake when fat is omitted in the paren 
teral basal ration to show the dispensableiiess of the fat 

The cause of the small ulcer observed in the dnodemim section of Dog M 
is obscuie At any late, theie is no reason to suspect that it is lehted to com 
plete paientersl alimentation The presence of thieo or four fat emboli in the 
lung section of Dog C is ccitainly not significant insofai as the elinioal pic 
tuie IS eonceined since the animal wis noiiiial in ill othei ispects The fail 
urc to show any pathologic changes in othei histologic sections indicates that 
this emtilsion could he used clinically w ith eonsidei ible confidence 

suiniABv VM) coNcnusioNs 

Dogs hav e been maintained foi as long as four iveeks on a diet admm 
isteied evclusivelv bv vein The diet furnished propoitional amounts of car 
bohydiate, protein fat mineials, and vitamins Thirty fom per cent of the 
calorie content of the diet was fuinished b} a special fat emulsion The dogs 
remained health}, lively, and in good spirits throughout and most of them 
gained weight Extensive physiologic tests during the couise of the expen 
ments, and a complete histologic study following sacrifice, failed to leveal an} 
sigmfieant abnoimalities attiihutaWe to tlie pioceduie 

One dog was given the same tieatment as ihe others except that the 
fat was omitted fiom the diet It lost 14 pel cent of its initial weight ap 
peared apathetic and emaciated and developed lesions suggestive of a fatty 
acid deficiency The behavior of this dog gives considerable confidence to 
the belief that the injected fat in the othei dogs was fiiUj utilized and that 
its presence in the medium enhances the value 

It IS eoneluded that this emulsion could be used cUmcall} with eonsidei 
able confidence, and that it would be very beneficial in cases where complete 
parenteral alimentation is necessar} 
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THE NUTRITIVE VALUE OP INTRAVENOUSLY ADMINISTERED 
HYDROLYZED HUilAN SERUM ALBUJIIN IN MAN 

Rich vrd D Eckhardt, 51 D ,* vnd Charles S Davidson, 51 D 
Boston 5r\Sb 

H U5I VN serum albumin ser\eb as a piotein iiutiient for liuman subjects 
when admiiusteied m the intact foiin by mouth oi by vein ^ ^ ^ The 
present studj was uudei taken to deteinnne its nutrient value when adminis 
tered intravenouslj' lu the hjdioljzed foim as ammo acids The results indi 
cate that the paienteially adnnnisteied hydro! j zed albumin, supplemented with 
Z tiyptophane, i^as nutiitionally adequate for a slightly undernourished sub 
ject and uas metabolized and e\creted in a manner similar to that of other 
hjdiolj sates 

MATERIALS VND METHODS 

Tho subject selected for tho study uas a -13 j ear old man wlio was admitted to the hos 
pital ten. days previously for acute alcoholism Ills general health in the past had been 
excellent, although during lus intermittent alcoholic sprees he drank heavily and ate poorly 
and had recently lost 10 pounds m weight The physical examination and laboratory find 
mgs, including tests of hver function were entirely within the limits of normal The sub 
joct was asymptomatic throughout tho twenty third day period of study wlule hospitalized 
on tho Thorndike metabolic ward 

V 50 Gm protein diet was used in tho first period and supphed 3,000 calories dailj 
It contamed the foods ordinarily oaten in a well balanced, nutritious diet Tho nitrogen 
content was calculated from standard food tables In tho second period a protein free diet 
was u^d which supplied 3 500 calories but only 0 4 Qm of nitrogen daily as determined by 
macro Kjeldahl analysis, the diet has been described previously 2 

Tho hydrolyzed albumin solution wos prepared by tho complete acid hydrolysis of 
human serum albumin and was supplemented with t trj’ptophane t The composition of 
the solution and the quantity of ammo acids infused are given in Table I Previously 
reported values for the amino acid content of casein* and of human Benim albumin® ® 
are hated for comparison One htor of iho 7 per cent soJutioa was administered intra 
venously once daily, together with 100 cc of 50 per cent destrose The injection was made 
one hour after a 1,000 calorie breakfast in order to achieve maximum utilization of the 
infused ammo acids by tho simultaneous provision of adequate carbohydrate and 
protem ^ 

The daily urine and pooled stool nitrogen analyses were determmad by the standard 
micro or macro Kjeldahl methods The urinary alpha ammo nitrogen was determmed by 
tho gasometne nmhydrm. method described by Van Slyke MacFadyen, and Hamilton 8 The 
amino acid analyses of the unne and of the albumin hydrolysate solution were by the 
microbiologic method of Stokes and co workers * 

From the Thorndike Memorial I>al)orator> Second and Fourth Medical Services (Har 
vard) Boston City Hospital and the Department of Medicine Harvard Medical School 

The expenses of this investigation were defrajed in part by a grant from Merck A Co 
’nc Rahway N J to Harvard University 
Recched for publication May -0 1940 

•U S Public Health Service Postdoctorato Research Fellow 

tTho human serum albumin was processed and supplied by the Medical Research Division 
Sharp &. Dohme Inc Gienolden Pa from blood collected by the American National Red Cross 
from \oluntarv donors Tlie h>drol5sate was specially prepared for this investigation b> acid 
hvdroljsls of the albumin which had been rejected for clinical use because of pyrogen content 
The hjdroljsls preparation and anal>sls of the pjrogcn free 7 per cent solution were done 
Under tho direction of Dr E E Howe Merck &. Co Inc Rahwaj N J The authors expre'is 
ilieir thanks to the individuals and organizations concerned 
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Table I Amino Acid CoiiPOsiTiON of the Hydrolyzed Human Serum Albumin Solution 


AMINO ACID 

HYDFOLYZE0 

ALB 

GSI /INJECTION 1 

HUMAN SEKUiC i 

UMIN* j 

QM yiOO GM 

HUMAN SERUSI 
ALBUMINf 
(GM/IOOGM) 

CASEINf 
(GM/TOOGM ) 

Argmme 


b5 

02 

39 

Histidine 


35 

35 

28 

Isoleucme 


16 

17 

56 

Leucine 

SD 

12 8 

11 9 

99 

Lysine 

73 

10 5 

58 

77 

Metluonme 

09 

13 

13 

26 

Phenylalanine 

54 

78 

— 

59 

Threonine 

40 

58 

50 

1 42 

Tryptophane 

12 

1 7 (Added) 

019 

1 11 

Vabne 

47 

68 

1 

67 


‘Determinations by microbiologic assay* Piepared for iiitiavenous administration as a 
7 per cent solution and each 1 000 c c infusion supplies (by analysis) 09 Gm of amino acids 
11 1 Gm of total niti-ogen and 8 7 Gm of alpha amino nitiogen 

tValues of Brand Kassell and Saldel “ except isoleucme which is the value of Hegsted 
Hay and Stare “ 

f Microbiologic \alues of Stokes and co-workeis* 

RESULTS 

The solution of hydiolyzed human seium dlbumin was toleiated ivell chin 
cally when adininisteied mtiavenously ovei a peiiod of approximately two and 
one-half houis An attempt to administei the solution more lapidiy was fol 
lowed, on two occasions, by flushing and waimth of the face and uppei neck 
togethei with mild nausea Thiombosis of the infusion vein did not occui 
The mtiogen balance data foi the subject aie summaiized in Table II Ni 
tiogen equilibiium was maintained dming an initial five day contiol peiiocl 
while the subject leceived the basal 50 Gm piotein diet Supplementation of 
this diet by the addition of 70 Gm of hydiolyzed human seium albumin (1,000 
c c of the 7 per cent solution) mtiavenously daily foi five days resulted in a 


Table II Nitrogen Bilance Data for Subject Given Hydrolyzed Human Sebum 

Albumin intpavenously 


PERIOD OP STUDY (DViS) 
AND CONDITION OF 

NITROGEN INTAKE ; 

(gsi /day) j 

NITROGEN OUTPUT ! 

(GM/DAV) j 

nitrogen 

balance 

(gm/dav) 

STUDY 

1 ORAL 1 

I V 1 

URINE 

STOOL 

1 0 

S 1 

00 

07 

1 i 

+0 2 

Pore control 

611 

81 

11 1 

ns 

12 

+6 2 

Hj d albumin, I V 

11 17 

S 1 

00 

64 

12 

+0 5 

After control 

17 24 

Hyd albumin, I V 

04 

11 1 

i 10 2 

04 

+0 9 


sustained positive nitrogen balance avei aging +6 2 Gm daily The nitiogen 
balance duiiiig a six-day aftei -contiol period was eompaiable with that obsenei 
initially, and equilibiium again was attained by the 50 Gm of dietaiy 
Duimg the final seven daj's of study, the subject leceived the diet adequa e i 
ealoiies but essentially devoid of piotem and 1 litei of the 7 pel cent sou 
of hydiolyzed albumin (70 Gm of ammo acids) mtiavenously daily as 
souice of nitiogen Nitiogen equilibiium and extieme constancy of the uim 
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nitrogen escretiou vieie obseived The nitiogn balance aveiaged +0 9 Gni 
dailj The subject’s boilv vici^lit iciiiuued eonsfant thioughout tlie tnentj 
thiee daj studj peiiod 

The evcietion ot alpha amino nitiogeu and of flip ten “essential” ammo 
aeids in the mine dmiiig each ot these periods of study is tabulated in Table 
III AVhile reeeinug 50 Gm of dietaij piotein the subject es.cieted com 
parable quantities of annuo leids duiiug both the fore and aftei coiitiol 
peiiods The iirinai'y evcictioii of ammo acids vvis considerably iiieieased 
iiheii hjdioljzed alhumui (70 Gni ot amnio icids) vias administered iiitrave 
noush, iihethei as a supplement to the 50 Gin piotem diet oi as tlie sole 
source of nitrogen AVhile leeeiving the paieuterallj injected hjdioljzed al 
bumiii as supplemental piotem, the subject showed a loss by excietioii m the 
111 1110 of from 0 2 to If 3 pei cent of the individual “essential” ammo acids m 
fused, of 2 7 pel cent of the total of the ten “essential” ammo acids injected 
and of 119 pel cent of the alpha aiiiiiio iiifiogeii admiiiistei ed These losses 
iveie somewhat less when the lijdiolvzed albumin was udmmisteied lutiaven 
oiislj as the sole source of iiitiogen" In this instance, the niaxiimim loss of 
aiij individual “essential amino aeul infused was 8 4 pei cent and aveiaged 


TABLF in EiCEETION 01 AMINO AtlUS IN TUE UBINE rOLLOAAlSC INIUSIONS IN IlTlirOEVZED 
Human Serdu Vebomin 





IHOTEIN ratE DIET 



PLU'5 70CM IIVD XbBUMlV, 

I V 


PLUS 70 QM IIXD ALDUMiy 

I 7 

\MIN0 ACID 

CONTltOL 

(MO/ 

DAY) 

iro / 

EXCESS 
(MO/ 
DAY ) 

PER CEVT 
EA 

CRETEDf 

control 

(MO/ 

DAY) 

MQ / 
DV\ 

EXCESS 

(MO/ 

DVY*) 

PER CENT 

EX 

CPETEDf 

Vrgimne 

10 0 

39 1 

2D1 

07 

HQQH 

48 4 

3S4 

iHEfll 

Ilibtidiud 

123 

403 

340 

14 2 

130 

331 

201 

84 

Isoleucme 

0 0 

77 

19 



18 4 

12 9 

12 

Leucine 

115 

43 0 

32 1 



53 2 

41 7 

05 

Lysvwe 

10 7 

307 

377 



140 

121 

mSU 

Metliionine 

37 

13 0 

00 



10 5 

72 


Piieu>Ialanine 

15 1 

58 7 

43 6 



78 3 

03 2 


Threonine 

14 0 

220 

212 



180 

173 


Trjptoplnne 

12 3 

10 4 

4 1 

03 

11 a 

10 7 


00 

Vahne 

54 

42 0 

37 I 

08 

6" 

511 

44 4 

00 

Total 10 
‘c'lseotial ’ 
ammo acida 

220 

1 307 

1 087 

27 

—7 

928 

701 

1 7 

Mpha amino 
mtrojren 

1S5 

1 221 

1 030 

119 

180 

678 

49„ 

5 / 


Milligrams of aniino add or of alpha amino nitrogen In excess of that excreted during 
the preceding control period (see text footnote ) 

tPer cent of administered amino add or of administered alpha amino nitrogen (Table 
I) excreted in urine 


The amino acid excretion values listed In the last two columns of Table III are In 
excess of the amount of alpha amino nitrogen and of indhldual amino acids excreted during 
the preceding 50 Gm protein diet pcrioiL Since the subject lecelved the hjdroljzed albumin 
as the sole source of nitrogen during this final period these values should be In excess of the 
amount of amino acids excreted while ht was recehing tlie diet devoid of protein This was 
not determined However ince the minimum endogenous amino acid excretion Is in 
creased onlj sllghtlv by the Ingestion of protein » the error incurred In the calculation of 
these values Is small partlcularlj In view of the considerably Increased excretion of amino 
acids following Infusions of protein h>drob ates. 
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17 pel cent foi the total of the ten “essential” amnio acids admmisteied, 
while only 5 7 pei cent of the alpha ammo iiitiogen iiioected was excieted in 
the mine In each instance, howevei, the &ub 3 ect evcieted consideiably gieater 
peicentages of admimsteied histidine and threonine, and to a lessei extent Ij 
sine, than of the othei “essential” annuo acids in the infusion inixtme 

Duimg the peiioda while hjdiolj'-zed albmnin was admimsteied intia 
venously the miiiaiv excietion of total nitiogeii, of alpha ammo nitiogen, and 
of each of the ten “essential” ammo acids pioinptly mci eased and remained 
constant thioughout its adniinistiation The day the hydioljsate infusions 
weie discontinued, these values immediatelj'' letnined to those ot the piecedmg 
contiol peiiod Thus, the data piesented m Tables II and III and aveiaged 
foi each peiiod of study aie valid lepiesentations of the changes that occuired 
daily 

DISCUSSION 

This studj demoiisti ates that a complete acid h^nliolvsate of human seium 
albumin, supplemented with J-tiyptophane, can maintain weight and uitiogen 
balance foi shoit periods of time in man when admimsteied intiavenouslv (70 
Gm of ammo acids daily) as the sole somee of food nitiogen Fiutheiinoie, 
appioxmidtely half oi that injected paienteially into the subject as a supple 
meut to a 50 Gm piotem diet was letamed and piesnmably foinied evtia body 
tissue The solution employed, tlieiefoie, contained all the essential amino 
acids lequiied by man foi maintenance of nitiogen balance and weight, and 
foi tissue piotem lepletion when admimsteied in adequate amounts by vein 
for shoxi; peiiods of tune In these legaids, mtiavenously admimsteied liydio 
Ivzed human seium albuinm was metabolized and utilized m a mamiei smiilai 
to hj'di oh sates piepaied fioiii othei piotem somces 

The yalues foi the ammo acid composition of hydiolyzed human seium al- 
bumin lepoited m this papei and detei mined by mieiobiologie assay agiee quite 
closelj yvith those pieyiously lepoited (Table I) “ ® The lysine content was 
higliei than found befoie, yviiile the pheiivlalamne and valine contents (7 8 and 
6 8 Gm pel 100 Gm of albumin lespectivelvl have not been published pievi 
otislv 

The low isoleueme and tiyptophaue content of albumin, paiticulaily when 
compaied yvith casein (Table I), pieyiously occasioned concern ovei the pio 
tern’s imtiitional adequacy, especially since albumin yvas found incapable o 
supporting gioyvtli when fed to young lats until extia quantities of these ammo 
acids neie pio\ided“ Howevei, no supplementation yvas lequiied foi Bisiii 
tenaiice of nitiogen balance in the adult dog® Pieyious studies m this lahoia 
toiy demonstiated that adequate quantities of orally ingested Imman seium 
albumin, not supplemented yvith isoleueme or tiyptophaue maintained m lO 
gen balance and weight foi shoit peiiods of tmre in a uoimal subject ■ hi 
moie, the provision of additional isoleueme and tiyptophaue failed to 
nitrogen exeietion and balance whether albiiniin was given by “lou i 
amounts insufficient to marntam nitrogen equilibrium oi by vein m amou 
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adequate to achie\e positne nitrogen balance It also Ins been demonsti ated 
that unsupplemented albumin senes as a piotciu nutneut when administeiecl 
in the intact form nitiaveuously ’ ^ Finall 3 the iiutiitioiial adequacj of aibu 
nun administered iiitrai enouslj in the liydiohzed form as ammo acids supple 
inented witli Z trjptoplniie nas demoiistiated m the present studj Since 
ti '3 ptopliane is destroied upon aeid Ii}droljsis it was iiceessiii to supplement 
the solution with tins ‘ essential” ammo acid although considerabb moie 
was added (12 Gm pei litei of 7 per cent solution) than is present m the 
native protein (019 Gm pei 100 Gm of albumin) Since albumin contain 
mg only 0 19 pei cent trv ptopliane is nutritionallj adequate when adminis 
teied in the intact form b\ mouth oi hi vein it would hi iinlihely that it is 
inadequate when admiiiisteied intiavenoush m the hidrohred form as amino 
suds XJndei these Londitions howcvoi somewhat laiger quantities of the 
hydrolysate might haie to iie pionded since the quaiititatiie requirement 
of hidiolyzed piotcin administcied iiifrai enonslj is probablj greater than 
that of an equivalent quantity given orally ” 

The values for alpha ammo nitiogen and foi the ten esseiitnl” ammo 
acids excreted in the urine by the subject while receiving the 10 Gm proteiu 
diet (Table II) are m general agreement with those repoited previously from 
this laboratory ® and bv others emplov mg mieiobiologic methods ’ These 
values weie considerably increased when hydrolvzed albumin was administeied 


Table IV Coupaiuson op Aiiiso Acib Evcketiov Poblovvino iNrusioss oi HvaroLVZEO 
Albumin anb Hybrolvzeb Cvsbin 



ADMINISTERED j 

EXCRETED 

A^IKO ACID 

gm /infusion I 

% OP 

TOTAL 

MO/24HR 1 

% OP TOTAL 1 

;9iiOrTIIATGUEV 

IITD 

1 \IB 

UYD 

C\SE1N 

IITD 

ALB 

mo 

1 casein 

irvD 
t ALB 

H\D 

1 CASEIN 

mo 

1 AIB 

IIYD 

I CISEIN 

ir\u 

\LB 

Il\D 

t CASEIN 

Vrginme 

45 

2 5 

11 I 

S 1 

1 29 1 

ST 

27 

: 12 

07 

1 0 i 

Hjstidine 

24 

1 6 

GO 

1 5 1 

1 340 

' 200 

313 

' 28 S 

14 2 

\ 129 

Isoloucine 

1 1 

T8 

2 7 

1 12 (» 

' I 0 

91 

02 

13 

03 

0 2 

Leucine 

89 

1 78 

22 0 

Jo 7 

1 321 

45 7 

39 

1 et 

04 

06 

L} sino 

73 

42 1 

18 1 

no 

1 377 

149 

34 7 

20 8 1 

52 

35 

Methiomno 

09 

3 2 

o o 

10 0 , 


34 4 

09 

48 

1 1 

1 1 

Phenvlalaoiflo 

54 , 

27 

134 , 

S S 1 

43 0 1 

4u 1 1 

40 1 


08 

16 

Threomne 

40 

1 1 

90 

3D , 

212 

155 1 

19 5 1 

21 0 . 

53 

14 1 

Tryptophano 

1 2 

0 45 

30 

1 D 

4 1 

22 7 

04 

3 2 

03 

57 

\ alme 

47 

3 1 

11 a 

102 

37 1 

431 

34 

59 


1 4 

Total 

40 4 

30 4 

1 100 0 

100 0 

1 037 

710 


100 0 

1 2, i 

2 ■{ 


Averaged vaiuea follo-\vlng Infuslona of 500 cc of a 10 per cent solution of h>drol>zecl 
casein to tuo normal subjects In approxlmatelj one hour“ 


mtravoiioiisly Since albumin and easeiit differ in regard to then ammo acid 
composition (Table I), the aiiiiuo acid excretion following infusions of hydro- 
lyzed albumin was compared with that following infusions of a hydiolysate 
of casein previously reported fiom this laboiatoiy ‘ These data are shown in 
Table IV Despite diftereiices in the annuo acid composition of these two 
solutions quite similar percentages of each administered ammo acid weie 
excreted m the urine and the postinfusion patfeiii of tlie ‘ essential” ammo 
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acids was similar -uliethei liydiolyzed albumin oi hydioljzed casern uas iii 
jeeted The individual amino acids, houevei, weie not excieted in the same 
pioportion as admmisteied in eitiiei hydiolysate, so that eonsideiably gieatei 
peicentages of admiuisteied histidine and thieonme, and to a lessei extent 
lysine, ueie excieted than of the othei “essential” amino acids Despite the 
difficulty in inteipieting these obseivations, as discussed pieMouslj'^,'- the 
similaiity in the lenal excietion of amino acids following infusions of hydio- 
Ivzed albumin and ot hydioljzed casein is appaient 


SUilMVUY VND CONCLUSIONS 

1 One litei of a 7 pei cent solution of hydiolyzed human seium albu- 
min, piepaied by the complete acid hj'^diolysis of albumin and supplemented 
with 2-tijptophane, was admiuisteied intiaveuously daily to a slightly uudei- 
nouiished subject foi fi\e days as a supplement to a 50 Gm piotein diet, 
and toi seven days as the sole somce of food mtiogen 

2 Nitiogen equilibi nun was maintained vhen liynliolyzed albumin (70 
Gm of ammo acids) yvas injected intravenously as the sole souice of mtiogen, 
while a sustained positue mtiogen balance was achieved duiing its admims 
tiation as supplemental pioteni The subject’s body yveight lemained eon 
stdut tiuoughout the study 

3 The excretion of alpha amino mtiogen and of the ten “essential” 
ammo acids in the mine folloiving the lutiavenous admmistiation of the 
ludiohzed albumin solution yvas siimlai to that pieviously obseived following 
infusions of hy''diolvzed casein 

4 It IS concluded that paieuteially admiuisteied hydiolyzed human serum 
albumin, supplemented with I tiyptopliane, is nutiitionally adecpiate foi man 
and IS metabolized and e\eieted in a manuei similai to that of hydrolysates 
piepaied fiom othei piotem souices 

The suthors vihli to thank Alice Ballou, Ellen Doyle, mil Blune Hiishberg for 
technical assistance, and Kathleen Clinton for piepanug ind calculating the diets use 
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ABSORPTION OP UNEMULSIPIRD AND EjMULSIPIED 
VITAMIN A IN SPRUE 


Hurbert J Pox, M D 
Durham, N C 

INTRODUCTION 

A CHIEP lesult of the spine syndiome is the inipaiied absoiptne powei of 
the small intestine Among the piominent featuies of the syndiome aie 
deficiency of hematopoietic essentials, fat-soluble vitamins, mineials, and piotem 
Diminished absorption of ingested foods, especially fats and fat-soluble sub 
stances, is an impoitant cause foi the development of the many specific defi- 
ciencies Even though theiapy alleviates most of the symptoms, lestoies the 
weight, the blood picture, glucose absoiption, and gastiie acid secietion to lea- 
sonably noimal levels, theie still lemains m a niimbei of patients the pioblera 
of peisistent steatoirhea Much of the disability in sprue patients can be at- 
tributed to steatoiihea With the steatoiihea, there is inipaiied absoiption of 
vitamin A, vitamin K, and calcium 

Vitamin A deficiency does not always manifest itself by clinical evidence 
but may be demonsti ated only with biochemical methods The mvestigatioiis 
lepoited here aie concerned only with the aspect of vitamin A deficiency m 
spiue A repoit of iiuiiieious othei studies conducted on these patients will 
appeal elsewheie 

Because previous investigatoi’s^ had shoivn that vitanim A absorption was 
markedly augmented m childien with steatoiihea when fed emulsified niatenals, 
it was decided to conduct similai studies on the compaiable effect of feeding 
unemulsified and emulsified vitamm A pieparations to adult patients with spiue 

MATERIALS AND METHOD OF STUDY 

The procedures for doing plasma vitamin A determinations w ere siniil ir to those 
previously described - 3 The vitamin A levels herein reported are listed in microgranis 
One mierogram of vitamin A represents approximately 2 5 I U For the unemulsified 
vitamin A material, oleum percomorphum was used The vitamin A content of this fist 
li\ er Oil IS rated at 60,000 I U per gram and is largely in the form of esters The emulsified 
vitamin A material used was a special preparation The emulsion was composed of 15 per 
cent vitamin A acetate, 15 per cent Tween 20,* and 70 per cent water This emulsion 
contained 100,000 I U of vitamin A per gram Determinations were made on plasma 
specimens taken fasting and at intervals of three, five, and seven hours after the feeding 
of a test dose of 200,000 /xg of vitamin A material The peak rise in vitamin A occurre 
during the three to fiv^e hour period and fell to lower levels at seven hours Therefore, 
only the fasting and the three and the five hour lev els are included in this report to sho" 
the maximum rise The test dose of v itamin A material used in all these experiments was 
given to the patients after an overnight fasting period Milk was used as a vehicle for 
the materials follow ed by feeding a normal breakfast 

Prom the Department of Medicine Duke University 

This material was presented in part before the Southern Societj for Clinical Inies 
tlon Januarj 29 1949 at New Orleans La 
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•The Tweens (Atias Powder Co Wilmington Del) aie ver> effective emulsity nt 
and are nontovic when fed to human beings 
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Three groups of patients ucro used for obtaimag Mtanim A absorption cunea ior 
the first group of absorption cur\e8 eight normal control patients rrere used The next 
group of absorption curves nras obtained from eight patients with sprue in relapse Piuallv, 
a third group of observation curves was obtained on. six patients who liad had sprue but 
in whom thero were ao detectable elmical nor laboratory signs of activity and therefore 
were classified as hav ing sprue in remission 

Tolerance curves on the patients were first obtained tvnth unemulsified vitamin 
ester m fish liver oil Withm a week of this original stud^ another tolerance curve was 
obtained on the same patients but this tiuio with the feeding of emulsified vitamiu V 
acetate preparation To each of the three groups of patients was administered the un 
emulsified vitamin I ester in fish liver oil To the group of normal patients and to those 
with sprue in relapse was administered the vitamin A acetate emulsion composed of 15 
per cent vitamin A acetate 15 per cent Tween 20, and 70 per cent water Tho test dose 
in terms of micrograma of v itamin A used in each preparation was tho same 

RESULTS 

The vitamin A lc%els as dcfeimmed bj the procedures lefeired to are com 
pared and summaiized in Tables I and 11 

Table I Conpirasov or \ir\MiN A Vbsorption Test iv J.oiisnL Coktrols \\n in 
P vTiENTS It ITU Sprue 


(Oleum Percomorphum 200 000 Mg Mtamm A per patient test dose) 


CASE j 

VITAMIN \ VVLUES IN nQ/100 ML OF PLVSMV 

FASTING 

i 3 »IK 1 

a UK 1 

MAX RISE 

\orm{il Controls 

S normal | 

Raugp 40 

11- 2S0 

24i) luS 


controls I 

Av <)0 

lOo 

374 

314 

Sprve in Jtelapse 

1 

5S 

50 

46 

00 

0 

2D 

31 

44 

15 

3 

48 

04 

100 

52 

■i 

65 

7o 

73 

10 

5 

71 

134 

llo 

63 

6 

19 

49 

72 

33 

" 

10 

22 

2o 

13 

S 

43 

49 

73 

30 

Sprwp Remisston 

9 

51 

/2 

282 

231 

10 

52 


192 

140 

11 

86 

214 

40j 

319 

12 

64 


420 

3o6 

13 

67 

91 

376 

309 

14 

58 

1 )8 

J5G 

293 


In nounal adult patients the feeding of uneniulsified titamm A ester in fish 
Inei oil piodueed significant rises m plasma ■titamin A When the same group 
of normal patients was given emulsified ntamm A acetate in Ttveen a similar 
but higher peak let cl in plasma vitamin A was produced The emulsified mate 
rial accelerated absoiption in only one instance pioduemg a peak rise at three 
hours compaied to a peak reached in five hours in the lemauider of this group 
Adult patients with active spine who tiere lequumg maintenance dosage 
of folic acid or litei thcrapj and all of -nhom continued to show steatorrhea 
Mere fed uuemulsified vitamin A ester in fish liver oil Very pool absorption 
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Table II Comparison of Vitamin A Absorption Test in Normal Controls and in 
Patients With Sprue Unemulsipied and Emulsihed Materials 


(A, Oleum Percomorpliumj 200,000 Atg vitamin A per patient, test dose, B, Vitamin A 
Acetate emulsion, 200,000 /tg vitamin A per patient test dose) 


CVSE VND 

[ VITAMIN A VAIUES in ^0/100 ML Oi PLASMA 

A[ VTFRIAL 

; FASTI^G 

1 3 UP 1 

5 hr 1 MAX RISF 

Vomiai Contiols 

S normal 
contiols 

B 

Range 40 80 
Av 00 

250 640 

410 

530 980 

755 695 


Spine 111 lidapse 


1 A 

58 

oO 


00 

B 

55 

432 

4S5 

430 

2 A 

20 

31 

44 

15 

B 

27 

290 

340 

313 

3 A 

48 

64 

100 

52 

B 

1 

300 

480 

427 

4 A 

1 ()5 

75 

73 

10 

B 

63 

710 

942 

879 

5 A 

71 

134 

113 

63 

B 

63 

620 

046 

8S3 

6 A 

39 

40 

72 

33 

B 

50 

380 

695 

639 

7 A 

10 

JO 

21 

13 

B 

0 

240 

495 

480 

8 A 

41 

49 

73 

30 

B 

31 

70 

115 

82 


lebulted, as may be seen in Tabic I, the niaximnni use o£ vitamm A being quite 
low in eveiv patient Howevei, when piepaiations of emulsified vitamm A 
acetate iii Tween weie fed to this same gioup, a veiy maiked inciease m plasma 
vitamin A occuiied of about the same degiee as seen in iioimal contiols Only 
one patient, Case 8 in Table II, lepeatedly pioved an evception and showed v^eiy 
little use in plasma vitamin A ivhen given einvilsified vitamin A acetate in Tween 

When the gioup of patients classified as having spnie in i emission weie fed 
unemulsified vitamin A estei in fish livei oil, the lesults as seen in Table I weie, 
vith one exception, faiily coinpaiable to those obtanied in the noinial contiols 
Aftei two meinbeis of this gioup weie found to have iioimal absoiption ciuves 
when fed the emulsified vitamm A inateiial, it vas decided not to expend the 
small supply of this piepaiation on the whole of the gioup 

DISCUSSION 

Undei noimal physiologic conditions the absoiption eiiives on adults demon 
stiate that the tested mateiials weie well absoibed and that the peak leve s o 
plasma vitamin A weie somewhat higliei follownig the use of emulsified piep 
aiations Of chief inteiest weie the stiiking differ enees in results obtaiire m 
patrerrts wuth sprue rn relapse The inaiked rmpioveinent nr vitanim A absorp ion 
in these patients, with one exception, was dependent upon the use of eniti si e 
materials Sueh emulsions, it has been deteimnied,^ contain oily droplets imij 
ing nr size from 0 5 to 10 0 niicions It has been postulated'* tliat the ° 

the dispersion of fat is perhaps mainly lespoirsible for absorption me } > 

pei-sed particles result from a suitable einulsifynig sjstenr The ^ J 
agent, Tueen 20, apparently produced particles of appiopiiate size for eu lan 

absorption 








VIT^.MI^ V IN SPB0E 
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Fish li\ei oil contains vitamin A laigelj in the form of esteis Therefoie, 
it IS thought that the meeliamsm foi its digestion is similai to that of othei 
neutral fats and icqunes lipolysis In patients until sprue there is no eiidence 
of defeetn e lipolysis Hou evei , it is to be noted that fish lit ei oil is unemulsified 
material Theiefoie, the hjpothesis piesentcd by one imestigatoi ‘ tint absoip 
tioii IS mainly dependent upon fine particle size seems to be fuither supported 
bj the data herein reported 

The ohsenations on patients iiith spiaic in lennssion demonstrate that tliei 
absorbed the unemulsified mateiial uith one c\ceptiou eqiiallj as uell as noinial 
eontiols This uould indicate a letnrii to a iioimal phjsiologie status of the 
small intestinal tiact Fuithei eiidenee of this uas found m the normal clinical 
condition, normal ladiologic patfeiai of the small intestines, and normal quanti 
tative fecal fat 

It should be noted that ue do not Iniou the dcgiee of absoiption which 
might result fiom feeding iitamin A acetate alone AVouId this form of iitamin 
A be as uell absoihed uithout the addition of the cmulsifjnng a„ent used in 
these cNpeiimentsl Since it uas niipossiblo to obtain flie necessao amounts of 
\itamin A in tins puie form ue cannot aiisuei this question Houeier it has 
been lepoited that patients uith steatoiiliea who failed to absorb vitamin A 
esters in fish liici oil did shou a marked iiieieasc in iitamin A absorption uhen 
polj ovyethi lene soibitan monooleatc ‘ Tueen SO ’ was added to the test dose 
of the same material 

The implications of these data uonld seem to be of gieat practical import 
aneo in the maiiageraoiit of stcatoiilica in spiue Tlicse patients piesent a diffi 
cult problem in clietaii fat coiitiol It is piobable that their poor absorption 
of vitamin A, as well as fats lesuKs fiom a clcfeetiie oiinilsifjang sjstem in tho 
small intestinal tiaet Therefoie the ideal diet should piohahli be one contain 
mg Mtamm A and fats in emulsified loiiii oi else iiioie piactieal the addition 
of an emulsiftnig agent to the diet 

SUMMlRl 

The feeding of emulsified iitamin A to noimal adults lesulted in a some 
uhat higliei eloiatioii of plasma iitaniiii A tlian did the feeding of unemulsificd 
’vitamin A material 

The patients with spme in leiiiissioii absoihed unemulsificd iifaiiiiii A to a 
iioimal degree uith onlj one esecptioii 

Patients uith active sprue shoued veij pool ahsoiption when fed unemul 
sified Mtamm A AVhen these same patients ueie fed emulsified mateiial, tho 
ahsoiption of vitamin A uas incieased to ippiovimatelj noimal uith one eveep 
tioii 

It IS suggested from these icsults that patients uith active spiue leqiiiic 
tlio icldition of an eimiLsifying agent to their dietarj fat and fat soluble sub 
stances to piomote ahsoiption 

For tho preparation and generous supply of emulaiou o£ vitamin V acetate Mith 
iween 20, no are greatly indebted to Dr A E Osterberg of Vbbott Rc'ieircli Labor itone't 
Darhaai, N C i or performing the blood oammations we are indebted to Mrs O Stenhouse 
ind Mrs J D Ifoodj 
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LABORATORY METHODS 


A NEW TABLET TEST FOB URINARY BILIRUBIN 


3Iuruv\ Frviskli'J, 31 D 
Iowa Um, Iowa 


T he need foi a piaetieal iolutiou of the cliincal pioblem of detecting small 
amounts of unnarj bihiubiu has lecened adckd emjihaais with the m 
cieased incidence of livei disease dining Woild Wai II ‘ Until recently we 
have had no simple seusitiic ind ichable bilnubni test which could be used 
loutinely by the phjsician foi the doteetion of bile m the mine and which 
could he emplojed m the armed foiees and industij foi mass examinations 
to detect latent lisci disease oi follow its coui'se The staudaid methods foi 
the detection of biluubm in the uiiue such as the foam, nitiic acid, and lodme 
tests are relatiielj inscnsitnc and aic difficult to evaluate when pigments 
othei than bilnubin are picsent in the urine “ The methjlene blue test®* 
although simple and useful as a sci eciiing oi follow up test, is nonspecific 
and may give falsely positne lesults with ninie containing yellow pigments 
such as riboflaiin penicillin oi Atabiine It is also less sensitive than othei 
bile tests loutinelj employed “ Tests depending upon concentration of the 
bile pigment either bj precipitation and adsoiption of the pigment by baiium 
eliloiidc 01 calcium cbloiide oi upon adsoiption b> talc aie the most sensitise 
tests” Such tests as the Godfiied'” diazo and Harrison'* and Nauniaun" spot 
tests are relativel} time consuming AVatson s' barium strip modification of the 
Hainson test has best met the leqiiiiements of sensitii itj , simplicity, and 
applicabihtj to mass and serial usage AVitli tins test, higher concentrations 
of bilirubin give a definite green eoloi Howevei, at low concentrations of 
bihmbin (below 01 mg per 100 cc ) the coloi becomes bluired and indistinct 
and we have found the test often to be negative (Table I) 

The object of this papei is to desciibe a simple yet sensitive test which 
13 applicable to clinical woik by the physician in eveiyday practice and to 
mass SCI ceiling and seiial testing It is a tablet test, which can be piepared 
very simply and inexpensiv ely This test makes use of the principles of con 
centiation of bihai’y pigment as m the Naumann and Haiiison spot tests and 
subsequent oxidation with lesultant coloi change of the bile pigment by 
Fouchet’s leagent* Concentration of bilirubin pigment in the Naumann 


From the Department of Internal Medicine of the CoUcffO of MetHclno of the State Uni 
\erslly of lotva and the State UnUersitj Hospitals 
Received for publication Feb I lD-19 


Fouchet s reagent consists of 

Trichloracetic acil Cm 

Distilled natcr lOCi c.a 

10 per cent ferric chloride olutlon 10 c.c 
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NEW TABLET TEST FOR URINARY BILIRUBIN 
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test IS achieved hy adsoiption to a piecipitated emulsion of talc The Ham 
son spot test utilizes hariuin chloiide as the adsoihing agent foi biliiubiii 
The tablets used m this test concentiate biliiiibin by utilizing the piocesses of 
filtiation, adsoiption by gypsum paiticles, and baiiuni chloiidc adsoiption 
This test IS thus a modification of both the Naumann and Haiiison spot tests 


MATERIALS 
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PROCEDURE IN MAKING TABLET AND TEST 



procedure of test 

Fig 1 

DESCRIITION OF METHOD 

A Freparatton of Tablets (Ftg 1 14) — ^Thrce hundred fiftj grams of ordinary 
commercial plaster of Pans (not dental plaster) aro muted in a container with 2o0 c c of a 
saturated solution of barium ohlondo Tlio resultant mix is then stirred aud kneaded 
manually to remove any lump} particles and to produce a homogeneous plaster mix which 
can be poured This should be done m less than ninety seconds or the plaster will et in the 
container It is then poured into a suitable rubber mold with approximate!} 250 indentation'<, 
each of which is 18 mm in diameter at the bottom, 19 mm at the top, and 5 mm deep 
This 18 the size of the fiuishel tablets Before pouring tlic plaster, the rubber mat should 
bo moistened by placing it under a running faucet or dipping it in water The mat is inverted 
to get rid of excess water and the plaster is then poured onto the moistened mat A squeegee 
(used to clean windows) is then drawn over the surface of the mat seicral tunes, distributing 
the wet plaster evenl} m the indentations The plaster is allowed to become firm and after 


1148 


FRANKLIN 


fifteen minutes the mat is inierted and t!ie firm but still moist tablets will drop out These 
are then dried in an oven and are readj for use at any time thereafter The entire procedure 
of preparing- the tablets until they are ready foi drying should not take more than tuenty 
minutes 


With the described proportions of plaster of Pans and barium chloride solution, the 
tablets should be of the proper consistency and should give optimal results The proportion 
of 1 4 Gni of plaster of Pans for every 1 c c of saturated barium chloride may have to he 
altered somewhat, depending upon the brand of plaster of Pans used If the resultant 
tablets are too hard and do not absorb the urine quickly enough, the proportion of plaster 
of Pans to the saturated barium chloride may be decreased Oidinary tap water instead of 
the saturated barium chloride solution may be used in the preparation of the tablet Hon 
ever, tablets prepared m this manner do not adsorb as much bilirubin, makmg the test less 
sensitive The rubber mold w e have used is an ordmary commercial door mat,* 1 tt by 2 ft , 
< ontaining 500 indentations The upper ridged surface is made smooth mth sandpaper and 
the mat is cut in two, one half of this mat being used because it is easier to work watli a 
smaller mold An improved mat could be piepaied with indentations of proper size, but 
with the bottom suifaee conie\ so that the prepared tablet would have a concave rather than 
i flat surface The urine could then be dropped onto the concave surface of the indented 
tablet 


B Proceduie (Fig 1, A, B, C ) — Using in ordinary eye dropper or a pipette measuring 
20 drops to the cubic centimeter, 10 drops of urine ire dropped slowly upon the surface of the 
tablet so as not to cause any overflow If bilirubm is present in the urine, a fine layer of 
yellow bile pigment will be adsorbed upon the surface of the tablet The remamder of the 
urine will filter through One or two drops of Foucliet’s reagent are then dropped directly 
on the yellow area A positive test is denoted by a blue green color, wluch varies in intensity 
with the amount of bilirubin present The test is read in the same manner as the Harrison 
strip test trace to 4 plus However, with urine confainiug low concentrations of bihrubm, 
the color change is mucli sliarpei w ith the tablet test Normal urmary pigments give neither 
the yellowish discoloration on the tablet surface nor a positive test with the use of Pouchet’s 
leagont After addition of Fouchet’s reagent, the green color should be read immediately, 
or Its intensity will decrease When no positive test is secured after addition of Fouohet s 
reagent, and it is still suspected that there might be a very faint trace of bile present, the 
use of 15 drops instead of 10 (tlie tablet will usually become flooded with more than 15 to 20 
drops) may bring out faint traces of bile This can be seen as a faint yellowash dis 
coloration and w ill giv e a v erv faint but perceptible bluish green color after the addition of 
Pouchet’s reagent Occasionally iii concentrated normal urines, as with the Watson modiflca 
tion of Harrison’s strip test, a gray or lavender color develops after the addition of Pouchet s 
reagent This is not due to bile pigment, but probably indicates dehydrogenation products 
of urobilinogen i3 


DISCUSSION 


This tablet test has been peifoimed on mote than 1,000 mine specimens 
Theie have been no false positive lesults In many instances it has been 
compaiecl suiiiiltaneoiisly with othei mine tests, such as the foam nitiie acid, 
iodine, methylene bine, and 'Watson’s modification of the Hamson spot test 
(Table I) Tt is niexpensiv’e to piepaie, simple to peifoim, moie sensitive 
and easiei to lead than any of the afoie-mentioned tests We have ohtame 
a positive test with mines contaimng as little as 025 mg bilnuhin, althoiigi 
at these v’Civ low concentiations the test becomes difficult to lead We aie 
attempting at piesent to eoi i elate the degiee of positivity of the test with 1 1 
iiibm levels in the blood 

‘Rubber Maid Door Mat manufactured b> the Wooster Rubber Conipanj Wooster O 
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Oidinai} uruie pigments give no yellowish coloi on the tablet siuface 
nor any bluish gi een color after Pouehet’s reagent is added Ceitain ther 
apeiitic agents, such as iiboflaain, Atabime, and Pyiidium which discoloi 
urine, maj gii e a slight yelloivish discoloration of the suiface of the tablet 
The first two, howevei, give no such discoloration mth oidinaiy theiapeutic 
doses None of these diug pigments give a positive test aftei the addition of 
Pouchet’s leagent Uiine from patients with hematuiia tvill also discolor the 
suiface of the tablet but no gieen coloi is produced after the addition of 
Pouehet’s reagent AVe ha\e noted a puiplish black pigment adsoibed onto 
the tablet surface fiom the mine of a patient with acute porphyiia This 
tablet ivhen held undei a AVood s ultiaaiolet lamp ga\e the red fluorescence 
of a porphyim AVhen bile pigment is piesent ivith any of these e\traneous 
pigments a positive test is still secured with Fouehet’s leagent, although it is 
somewhat altered by the piesence of these other pigments The intensity of 
the yellowish coloi on the tablet siuface or the green suiface or the green 
coloi after the addition of Pouehet’s reagent can be utilized to determine semi 
quantitatively the amount of bile pigment m the uiine as AVatson*“ has done 
wnth the Hariison strip test The yellow color can be used piovided the pa 
tient has not been giien aiij Atabrmc riboflavin or Pyridiiun AVith the 
theiapeutic doses of Atabime oi riboflaiiu used loutinelj the uiinary es. 
oietion of these diugs does not discolor the suiface of the tablet to any no 
tioeable degiee Howeiei none of the drugs inteifeie wnth the green coloi 
obtained after the addition of Fouchet’s reagent A urine containing bile can 
be analyzed by a quantitatiie method such as the Gibson** method or the 
Godfried‘“ modification of the Hmitei diazo method Various dilutions can 
be made and the test i un upon these different dilutions of the urme of known 
biliiubin pigment concentration Eithei the initial yellow color oi the gieen 
color aftei the addition of Pouchet s reagent can be used to determine the 
quantity of bilirubin Color photographs or drawings can be made of these 
different intensities which can then serve as standards for a given batch of 
tablets 

The foimula for plastei of Pans is Ca SO^ t/tHzO Aftei addition of 
water the diy plaster sets to a coherent solid which is composed of interlacing 
crystals of gypsum (Ca SO 4 2 HjO) *'* AVhen urine contaimng bile is dropped 
upon the tablet suiface the gypsum pai tides appaieiitly adsorb the pigment 
as does tale in the Naumann test Theie may be an added chemical adsoiptive 
effect because of the piesence of calcium in the gypsum molecule Addition 
of barium chloride 111 the piepaiation of the tablet definitely meieases the 

Gibson a method for quantitatUe urinary bilirubin 

Barium acetate 0 5 Cm is Introduced Into a 16 ml centrifuge tube and 10 ml of urine 
(pH 5 to 6) are poured Into It and the tube Is thoroughly shaken. The tube Is centrifuged and 
after fifteen minutes the supernatant liquid Is poured off and the tvall of the tube and the pre 
cipitate are washed gently A\ith water and the tube Is drained One milliliter of Ehrlichs diazo 
reagent is added and the precipitate Is thorough]> stirred ulth a glass rod Two milliliters of 
water ml of saturated ammonium sulfate solution (again stirring) 8 ml of alcohol and 
ml of concentrated hydrochloric odd are then added Let stand A%lth occasional shaking 
and filter (Whatman No 5 paper) Read in a Coleman Junior spectrophotometer In an 85 h> 
1 mm cuvette, v\a\e length 575 with a water reference If too strong the filtrate may be 
diluted appropriately avIUi a blank solution The graph secured with the pectroohotometer on 
semllogarlthmlc paper is a straight line from 0 mg per cent at 100 per cent transmission to 1 
mg per cent at 24 per cent transmission when 10 ml of urine are precipitated 
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bihiubin aclsoiption The addition of Foucliet’s leagent oxidizes the biluubm 
to gieen bilneidin This bluish-gi eeii coloi tends to fade and become less 
intense aftei seveial minutes, especially with mine containing veiy small 
amounts of Inle The piineiple of using a plastei of Pans tablet as an ad- 
soibiug filtei could be applied to othei substances such as poipliyiui and 
melanin IVe are at pieseiit ini estigating this possibility 

SUMM VR\ 

1 The pi epai ation and use of an inexpensive, simple, sensitive table test 
foi detection of iiiinaiy biluiibin aie desciibed This test is a modification of 
Naumann and Haiiison spot tests foi biliiubin 

2 The test makes use of a plastei of Pans tablet, made with a solution 
of satuiated banum clilonde oi tap watei, upon the suiface of which uiine 
IS diopped The addition of Fouehet’s leagent to the biliiubin pigment which 
IS adsoibed on the tablet suiface giics a cleai-eiit easily leadable, bliush- 
gi een coloi which is specific foi bile The test can be used foi mass and seiial 
testing and can be made semiquantitative foi the detei mination of uiinaiy 
biliiubin 
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TECHNIQUES TO OVERCOME THE LACK OP RARE RHESUS 
ANTISERA ^VND CELLS* 

I Dn'isFOBD, Chief Technicivn 
Sheffield England 

C OMPARATIVELY few laboratories can lely on obtaining supplies of the 
raier Rhesus antiseia such as puie anti C (antirh') and puie anti E 
(anti til"), nor are donors of the larei blood cells Cde/cde or Cde/Cde (ill') 
and cdB/cde oi cdE/cdE (rli") rcadilj available Most laboratories under 
taking Rh tjping will howevei have supplies of the mixed antisera C + D 
(antiRlio) and D + E (antiRho") as well as complete and incomplete puie 
mti D (anti Elio) 

The prepaiation of anti C (anti)h’) and anti E (antirh") from mixed 
seia IS often unsatisfactorj Dilution icmoies the anti C and anti E which 
aie almost invariably of lowoi titer than the anti D (anti Eho), and when an 
absoiption teclinique is employ cd the titci of the anti C and anti E already 
low as a rule is still fuithei leduced 

The lack of the raio colls Cde/cde oi Cdo/Cde (th') and cdE/cde oi 
cdE/edE (ih") prevents the testing of seia for anti C oi anti E in the preseneo 
of anti D, the sera having to be stoicd until these cells aie available vihile the 
lack of pure anti C (anh th') oi jiiti E (anti th") causes difficulties in geiio 
typing 

Tceliniques aie desciibed below which oveicome these difficulties They 
have been used iii this laboratorv with satisfactoij results having been con 
troUed b> the use of puie anti C (anti rh') and anti E (anti rh") and by fresh 
cells of the types Cde/cde and cdE/cdE ( r’r and r"r") 

The piinoiple on which thov arc based is the exclusion of the D antigen 
(R") in CDe/cde (R't ) or cDE/cde (R’r) cells and the D (R") antibodv m 
mixed anti C + D (anti Rho) or anti D + E (anti Rq") fioin the field of action 
by means of a stioiig incomplete anti D (anti Rh„) seium using a modification 
of the blocking technique oiiginaUv desciibed bj Wienci * 

Detection oi. the Vntibodies C vnd E (antirh vnd antiih") in the 
Prespnce of Anti D (anti Rho) b\ Means of Cfxls of the Cojimon Genotypes 
CDe/cde vnd cDE/cdi (R'i imiR’t) — 

“Piepaie cells of the corapaiatively nio genotjpes Cde/cde (I'l j and 
edE/cde (r"t ) fiom cells of the comnioii genotvpcs CDe/cde (R’t ) and cDE/edc 
(R’r) as follows 

^ . 'From Uic Office of the Regional BIooil Transfusion Service Ministry of Health North 
field Road Sheffield 10 Fnglaiid 

Recched for publication Feb 4 1'I49 

At the present time s>stems of nomenclature of the '\ntl Rh tiping sera and cell? 

arc In wide use One of the s> stems is based on the aeries of allelic genes proposed by 

tVlcner the other on a series of closel> linked pairs of genes proposed by Race and Fisher 
of England V comparison of the individual anti <»runis has been made recentlj by the ad 
visorv board of the National Institute of Health In this paper the Race Fisher nomenclature 
has been emplojcd but for the convenience of the reader icner a nomenclature is also given 
in parentheses and Italics 
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1 Subject a saline suspension of the cells CDe/cde (R‘t) oi cDE/ecle 
(B^r) to the action of a stiong incomplete (blocking) puie anti-D (anti-Rho) 
seiuni foi one and one-half to two houis at 37° C 

2 Examine for absence of agglutination and confiini ‘coating” by means 
of Coombs leagent (antihuman globulin serum) 

These “piepaied” cells can now be used to detect the piesence oi absence 
of anti-C (anti-ili') oi anti-E (anti-ih") in a serum known to contain antiD 
( anti-Rho) 

3 Divide the cell suspension into thiee poitions — one test and two contiols 
Test one with the seium nndei examination, incubating foi one and one- 

half to two houis at 37° C 

Agglutination indicates the piesence and no agglutination the absence of 
anti-C (anti-iJi') oi anti-E (anU-)li") 

Test two with a saline agglutinating anti-D (anti-Rho) seiuni having a 
titei comparable with that of the anti-D in tlie mixed seium, incubating foi 
one and one-half to two houis at 37° C 

Incubate the thud at the same time as one and two 
No agglutination should oceui in two and thiee 

Detection of the Antigens C ( t ') xnd E ( i ") in the Presence of D 
(R”) BY Means of Mixed Anti-0 + D (Anti-Rho') and Anti-D + E (Anti 
Rho") Sera — 

1 Subject a saline suspension of the cells undei exaiiunation to the action 
of an incomplete (blocking) pure anti-D (anti-Rho) seium foi one and one half 
to two houis at 37° C 

2 Examine foi absence of agglutination and confiiin “coatuig” by means 
o± Coombs leagent 

These “piepaied” cells aie now inagglutmable by aiiti-D (anti-Rho), and 
mixed anti-0 + D (anti-Rho') oi anti-D + E (anti-Rho") seium can be used to 
detect in them the antigen C (i') oiR (i") 

3 Divide the cell suspension into thiee poitions — one test and two con 

tiols ^ 

Test one with the mixed anti-C + D (anti-Rho) oi anti-D + E (antiRtio ) 
seium, incubating foi one and one-half to two houis at 37° C 

Agglutination indicates the piesence and no agglutination the absence o 
the antigens C (i') oiR ( r") 

Test two mth a saline agglutinating anti-D (anti-Rho) seium havniga titei 
compaiable with that of the anti-D in the mixed seium, incubating one an 
one-half to two houis at 37° C 

Incubate the thud at the same time as one and two 

No agglutination should occui in two and three ^ 

Note — ^Whei e cells of the genotj pe Cde/cde ( I’^i ) oi cdE/cde (> ^ 
available, attention should be diaum to the fact that a piopoition of 
CD'’e/cde oi cD'‘E/cde (Stiatton) * A piehminaiy investigation m this 
oiatory shows that about 10 pei cent of so-called Cde/cde (>'i) 

CD“e/cdc The teclmique outlined heiein for the “piepaiation” of ce s u 
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pieient eiiors througli usuig a Cr>"e/cdc cells thought to be Cde/ede (r't) or 
a cD"E/cde cell thought to be cdE/cde (t"r) 

Wiener’s nomenclatuie’ * ^ is given in parentheses and itabes for the eon 
vemence of those laboiatories which stiU adhere to it, but difficulty is found in 
e\pressuig the laiious allelomorphs of D, G, and c which are now known to ex 
1st, e g , 111 this paper no equivalent in Wiener’s nomenclature is suggested for 
the cells CD"e and eD"E tins maj be left to the ingeuuitj of the leader 

Thanks are due the Regional Transfusion Officer Lt Col B H ifalone, for permia 
sion to publish this note and for his suggestions also to Or B R Race of the H R C 
Blood Group Research Unit Liater Institute for his continued advice and encouragement, 
and especially to Hr F Gould of our Transport Department for his filing donations 
of cdE/cdB J cells ulicrevcr required 
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A GALVANOTACTIC PROCEDURE FOR THE CONCENTRATION OF 
BALANTIDIUM COLI IN FECES 


Georg Lubinsk\, M D 
Bayreuth, Geraiax-v 

IXTRODUCTIOX 

T he diagnosis of balantidiasis is seldom established by physicians because 
the disease is little laiomi Aiiothei niipoitaiit leason is that Balantidium 
coh aie seldom found in fiesh stool specimens Tlie conunon helmuithological 
and paiasitological methods of stool examination utilize only a siiidll 'quaiitity of 
liesh inateiial and often kiU oi inline the balantidia By examining stool speci- 
mens diluted uith ph^slologlc saline, Stsehensnowitsch in Azeibai 3 aii'’ uas able 
to ineiease mateiialH the peieentage of positive lesults He foiuid B call m 
56 (51 pel cent) of 1,100 eases Befoie this studj, onlj foiii cases of 
balantidiasis ueie discoieied in the whole of Azeibaijan 

The employment of a pioeediiie which uould incieasc the lecoveiy of 
paiasites fiom stools would lie of value in the diagnosis of balantidiasis The 
idea of coiieentiatmg the paiasites by eniplojnng the phenomenon of galvaiiotaxis 
used in the study of fiee living Infusoiia and of paiasitie Infusoiia of fiogs"’ 
suggested itself The appaiatus, winch utilizes a gahanie cuiient and is de 
sciibed below, has been successfully used foi concentiating Infusoiia fioin the 
leetum ot the tiog and h coli tiom the feces of swine 

UVTERIALS AND AIFTHODS 

Apparatus — As a source ot current, a Kenotron rectifiei ^MtU a potentiometer was used, 
but anj standard rectifier is suitable The apparatus produced a direct current of 132 lolts 
Preliminary investigations were set up lu a chambered slide These chambers were constructed 
witli glass strips 2 mm thick and 5 mm wide and sealed with Canada balsam in such a way 
that three chambers of not quite equal size resulted (Pig 1) These chambers were con 
nected by means of channels 5 by 5 bj 2 mm in size The channels were initially filled with 
2 5 per cent agar (pH 7 5) in Ringer’s solution The central chamber was filled with a 
balantidia containing fecal suspension in Ringer’s solution and covered with a cover glass 
The side chambers were half filled with Ringer’s solution in which were immersed pipette lihe 
agar bridges connecting them with Petri dishes containing Ringer’s solution The Petri 
dishes were connected by means of agar bridges with other dishes contammg saturated copper 
sulfate solution in which were immersed copper electrodes The resistance between the 
electrodes was approximately 30,000 to 35,000 ohms The diflusiou of copper ions mto t e 
chamber may be practically eliminated by changing the Ringer's solution m the dishes a 
one half to one hour intervals 

"Vyarining the chamber to 37 to 42° C facilitated the collection of balantidia at 
cathode Therefore, in the construction of a practical apparatus, a means of warming 
chamber as well as increasing its volume bad to be considered 

As coucoutration vessels, stool sample tubes 70 mm in length and 23 mm m diani ^ 
were chosen These are immersed in a water bath in such a manner that they 
distance of about 1 cm over the cover plate, a rubber ring being placed about the 

Receiced for publication Feb 2S 1349 
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at this leveL The anodic agar bridge was dipped a. few miUimeters lato the suspeasioa The 
cathodic bridge is inserted into the upper dilated end a£ a special concentration tube, sus 
pended in tho stool sample tube by a glass hook (Pigs 2 and 3) TJia lower end of the 
concentration tube la clo'ieJ bj a porcelain filter and the tube filled with Bmgex’s solution 


i 



Fig 1 — Chamber appatTtus for roncentntJng Infusoria from rccluni of frog 
1 Copper electrodes 
CuSO solution 
S Amr brids'es 
I Binger s solution 
5 GaUanotacUc chanitocr 

A short length of rubber tubing is placed about the end of the tube winch does not reach 
the bottom of the stool sninplt tube The balantidia collect inside the lumen of tlie rubber 
tube below the poroolam filter (Fig** 2 and 3) 

In fillmg the concentration tube and rubber tube with Kingcr s solution, no air bubbles 
must be permitted to enter since these grcatlj increase electrical resistance A eellophane cap 
may bo used xu place of the poreeHin filter If cellophane la used, one must be sure that no 
portion protrudes bejond the rubber tubing since balantidia would also collect there Instead 
of the Concentratoin tube described one nmi use n long cathodic agar bridge which is filled 
'vith agar except for about 5 mni at the lower end, this sjiace being filled with Kinger a solu 
txoa Such an agar bridge maj bo u^ed onlj once since the balantidia migrate mto the 
capillarj space between the wall of the tube and the agar The concentration tube equipped 
wath the porcelain filter need onlj be laiajersed in boiitng water before reusing The coacen 
tration process was earned on for a perioil of ten minutes at 39 C The resistance when the 
porcelain filter was used was about 35 000 to 40,000 ohms, with cellophane 20,000 to 25 000 
ohms The current strength wa^ 0 3 to 6 0 niilluiniperes 

Then the concentration tube was removed from tho stool sample tube and the contents 
of the concentratioa space (below the porcelain plate) were pipetted out and examined 
mieroscopicaily 

Sia\nxi\g Specanens — For counting the J? coU a small drop of saturated potassium 
iodide iodine solution was added For nuclear Btainmg a mixture of equal parts of n 
saturated aqueous solution of methyl green and 40 per cent formaldchjde (formalin) was 
emploj ed 

In our material (cecal contents of swxao) balantidia of the suis tjpe with long 
sausage shaped nuclei predominated Balantidia with round or bean shaped nuclei were 
seen only lu about 15 per cent of swin© They formed less tlian 1 per cent of the whole 
balantidial population The stool speewnons wete examined between two and six hours 
after tho swine were killed 
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Fig 2 — Concentration tube fot collecting B coU 

1 Cathodic agar biidge 

3, Anodic agar bridge 

S Concentration tube 

!,, Porcelain Alter 

S, Rubber tubing 

fi Suspension of feces in Ringei s solution 
7 Test tube 
S Rubber ring 

Concentration space ( tiap ) 



Pig 3 — Concentration tube with electrical connection foi collection of 
swine feces 

1, Test tube 

S, Lid of the Slater bath 

3, Petri dishes ssith Ringer’s solution 

-}, Petri dishes with copper sulfate solution 

S, Copper electrodes 

S Agar bridges 
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The prehminaiy obsenatioiis emploniis tlie apparatu>i shoini in Pig 1 
neie done using Infusona fiom the fiog leclinn and swine balantidia 
Bulaiihclium cnlo~oon (hog) and also the swine balantidia collected at the 
cathode at room teinperatiiie, with a euiiciit stiength of 0 3 to 1 0 3Ia for three 
to fire minutes, and lemained theie as long as tlie curient was floinng Undei 
the same conditions Opabna raitanim and Opahita dtmidtata collected at the 
mode where the 3 soon weie killed Appaieiitlj it is possible to separate single 
species of ciliophona fiom a mixed population in establislung tlie necessai 3 
current stiength for the anadioimis mosemeut of ditfeient species 

The stool specimens talcen fioin swnnc ccca were first investigated without 
concentiatmg and foui covei glass pieparations of sediment of a fecal sus 
pension in a Ilingei’s solution (1 3) wcie examined at low magmiication Then 
the gall anotaetic chambci (Pig 1) was filled with the same sediment and the 
inside suifaee of the agai cathode was examined at low magnification Of 
twent 3 stool specimens investigated in this manner balantidia were found with 
out concentration in eight specimens while with concentration the 3 were found 
in twelve specimens The peicentage of positive lesiilts was increased there 
foie onl 3 from 45 to CO pei cent wluch was to be expected since the volume 
of the chamber (0 45 ml ) is haidiv gieatei (Fig 1) than the sediment observed 
under the four covei glaxscs 

Optimal Position of the Electrodes — Fifteen miUiliteis of a 1 to 3 dilution 
of stool saspeiision vvoie placed ui each of two sample tubes (Pig 2) and con 
eentrated for ton minutes at 39° C using a cm lent of 3 milhamperes AVith one 
of the samples the long cathodic concentiation tube deseiibed was used AVith 
the second sample a long anodic agai bridge was emp)o 3 ed with a shoit cathodic 
concentiation tube which extended onlv 1 cm beneath the suifaee In Table I 
aie shown the niimheis of balantidia captuied ’ at different electiode posi 

tiOILS 


I vuLi I Position op Eijictbodes ix Relation to Recovery of B com 


EIXPEBIilLVT 

WITilOUT 

CO^ CEN Til \TION • 

-nlTii 

CONCENTR-VTIOV 

SHORT eVTHOPE 

I LONG eVTHODE 

1 

0 25 

0 

0 

t> 

3 75 

92 

174 

3 

1 75 

23 

98 

4 

0 75 

1 

45 

5 

0 

0 

24 

6 

0 

o 

17 


The numbers In this column gHc the mean of four cover slip preparations. The mate 
rial nas taken from the sediment In the bottom of the stool sample tube before beglnnlus 
concentration 


TJie best lesults i\ere obtained ■when the cathode i\as near the bottom of tlie 
stool sample tube a fact probabl-v dependent on the positi\e geotaxis of 
balantidia 

Optimal Temperatiu e — Each stool suspension itas di\idcd into si't equal 
portions and conceutiated at tcmperatuie*; ian8:inQ from 25° to 50° C with a 
cuirent strcngtli of 3 Jla for ten minutes The results are shoivn in Table II 
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0, g„a„KS..,. ™ ™ B 


F\PERIMF2yT 

1 

2 

3 

4 

5 


WITHOUT 
I CONCENTRA TION’* 
3 5 
25 
0 

0 75 
10 


2^c 

2 

2 

0 

8 

0 


WITH CONCE HTR ITIoir 
I 35° 


14 

9 

2 

31 

5 


73 

8 

4 

115 

17 


126 

100 

4 

135 

52 


83 

15 

0 

14 

43 


0 

0 

0 

0 

0 


tempeiatuie is 40° C, as Table II shows At ^5° the 

lufusom died f ^PP^^^tus and between 45° to'^SO^ the 

1100 ^ H teinpeiatiue of 39° C was theieafter chosen foi om expoii 

nients, coiresponding to the lectal temperatuie of swine 

time^niri^al fo( f ' f "I" ^^der to deteiinine the most piactieal 

emhty concentrating the balantidia, evpeiiments weie done lasting 

ampeie Eve V t" C. with a cunent stiength of 1 inilh 

balLtidn in thi t concentiation tube was leinoved and the 

alantidia in the tiap weie counted The lesults aie given in Table III 

T^ble III Time N ecessary for Maximum Concentration op B coli 

NUMBER 01 BALANTIDIA RECOVERtl) AT 


experiment 


HHTHOUT 

CONCENTRA 

TION* 


10 MINUTE INTERVILS WITH CONCI NT R W ION 


1 

o 

3 

4 

5 


0 

40 

18 

15 

4 

1,732 

168 

85 

3 0 

938 

105 

54 

0 5 

0 

35 

3 

14 

11 


1 

53 

29 

5 


38 

11 

o 


27 

6 


51 

5 


22 

6 


taken from "t he'^sedlmSt m '" °p ^3!“' ‘f>ver slip preparations The mate 
concentration ^ bottom of tho stool sample tube before beginning 


tn ^ Table III, about 50 to SO pei cent of balantidia tveie ob 

me in e ist ten minutes The niimbei of balantidia diminished lapidly 
m a ei samp es, although at the end of eighty minutes some still weie pieseiit 
in wo samp es Theiefoie, if no balantidia aze obtained m tlie hist ten minutes, 
imtliei stool suspension should be investigated Sirailai lesults weie obtained 
when a eui i ent of 3 Ma urns used 

Optimal Cunent Stieiujth and Its Relationship to the Arje of the Stool 
amp e u deteimming the optimal amjiezage, foui tubes weie filled with 
stool suspension and cunents of vaiymg intensity (0 3, 1 0, 3 0, and 6 0 Ma) 
weie passed foi ten minutes at 39° C The optimal cniient stiengtli foi eon- 
cen latmg alantidia fiom fiesh stool samples was mostly between 1 and 3 
nil lan^eies In oldei stool samples, optimal cunent stiength vanes so that nc 
neie o iged to lepeat om expeiiments until balantidia could no longei he 
oiinc The^ iveie found to persist in stool samples a maximum of ten davs at 
i^m tempeiatnie This is m eonti adiction to usually accepted ideas Table 
Iv shows the lesults 
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Table IV Oi^timal Ct;RR£LVT Strength \nd Age of Feces Sa^iplb in Relation to 
Recovers op Balantidia 




POOM TEiIPEIL\TUaE 

22 20 

c 






STOOL 


STOOL 

STOOL 


STOOL 



svMriB 8) 


S\AI1LE 87 

SVMILB 88 


S\1IPLE 89 

AOB (CAY) 

1 1 - 

1 3 

1 

1 2 

1 3 

1 

1 2 


1 2 1 

i 

\\ ithout 

25 0 

0 

2 75 0 

0 


0 

1 


0 

concentration* 











0 3 ila 

37 5 

0 

252 

0 

0 

1 

0 

I'c 

0 

wM 

1 0 Ma. 

14 18 

0 

3a5 

4. 

0 

5 

0 

4i 

5 

■■ 


o7 35 

0 

372 

11 

0 


0 

6t 

5 

0 

GO Ml 


0 

209 

10 

0 


0 

174 

14 

mm 


STOOI 

STOOL 


mu 

cVTiiSTM 

■ 

STOOL 




SVMIIL 0I 



SAMPLE 

94 

AGF (DWS) 

1 ( j 

I 1 

2 

1 

IIBI 

■D 

mm 

m 

1 1 

2 

M itliout 

U 0 

0 

0 

0 

0 

- 25 0 


0 

0 

concentration 











0 3 Ma 

0 0 

0 

0 

0 

0 

15 

0 


0 

0 

1 0 Ma 

0 0 

0 

0 

0 

0 

150 

0 


2 

0 

1 0 Ma 

1 0 

1 

0 

0 

0 

97 

0 


1 

0 

GO Ml 

0 0 

0 

0 

3 

0 

62 

0 


2 

0 


1 



bTOOL SAMI LB 80 





\0F (D\a&) 

1 1 1 

2 1 

3 

■> 

5 1 

0 

1 f 1 

8 

1 9 1 

lU 

ithout 

405 

125 

40 

0 

0 2o 

1 0 

J 7o 

1 0 0 

0 

couctntntion* 











0 3 Ma 

2 830 

42 

07 

6 

1 

0 

2 

1 

2 

0 

10 Ma 

J 03*5 389 

86 

SO 

24 

6 

1 

6 

0 

0 

3 0 Ma. 

3 803 490 

84 

125 

107 

23 

41 

11 

2 

0 

0 0 Ma 

2 479 547 3 

22 

280 

53 

51 

52 

2 

0 

0 


Tlie nunibcrd in tiiis column eive the mean of four cover slip preparations The mate 
rial aas taken from llie ^oilimeni in the bottom of the stool sample tube before beginning' 
concentration 


It IS appal cut tliat liahnticlia lemaiii Mable up to ten days In Pig 4 the 
percentage of positi\e findings aftei coucentiation aie plotted against the 
age of the stool sample All twenty fii e samples weie positive on the first day 
The disappearance of balantidia fiom the stool samples does not depend 
wholly on a change in pH They may disappear even in neutral samples 
(pH 7 0 to Y 2) If nuineious staich gianules are present they may sometimes 
ho found m acid stools (up to pH 5 6) When the conceiitiating pioeeduie 
was used, balantidia could fiequeiitly be demoustiated one day later than 
inthout eoneentiation 

The optimal cm rent stiengths tend to nicieaso with the age of the stool 
sample Aftei seveial days, this amounts to 3 to 6 milliampeies Such 
amperages ai e, howei er, also optimal f o> some fresh stool samples contaimng 
only few balantidia The effect of pH on the optimal cuiieiit stiength must bo 
furthei 1111 estigated 

We have CNamincd one hundied stool samples fiom swine ceea at a tem 
peiatuie of 39° C, cm rent stiength 3 Ma foi ten minutes Without eoneeii 
tration 56 pei cent iveie posifne with coucentiation, 93 per cent weie posi 
tno The lesnlts of twenty of these cxiieiimeiits aie shown in Table V 
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% Of positivjRe^uits 



reco\ ery of B colt in relation to age of stool samples 
All tMent> file samples were positne on the first ilaj 


TibleV Number of B coli Observed With vnd Without Cor centr-vtion in Twenty 

Different Svmpies of Feces 


NUMBER OF BALNNTIDU j 

1 NUMBER OP B,VU\XTIDIA 

s vmple 

without cox 
centratiox * 

WITH CON 

CE\TR^VTIO\ 

SAMPLE 

■WITHOUT CON 
CENTfLVTION* 

WITH CON 
centration 

1 

4 25 

1S6 

11 

40 

1,732 


99 75 

3,927 

354 

12 

3 75 

57 

3 

e 75 

13 

0 0 

9 

4 

41 0 

4,230 

14 

0 

3 

5 

9 0 

299 

15 

0 

0 

13 

1 25 

52 

16 

5 25 

436 

7 

11 5 

4,430 

17 

0 

10 

s 

26 25 

3,312 

IS 

25 

100 


25 

S4 

19 

0 

4 

10 

0 

18 

20 

0 75 

112 


me nuniDer* m this column glie the mean of four cover slip preparations 
rial taken from the sediment in the bottom of the stool sample tube before 

concentration 


It IS seen that the numhei of balantulia aftei eoiicentiation is not dueetlj 
piopoitional to the numhei obtametl without eonceiitiation Foi example, m 
Sample 13 the ineiease was eighteen fold, while in Sample 11, it was ioiu 
bundled twenty fold It is possible that these lesults might be inipioved In 
taking into considei ation othei faetois, such as pH 

On examining fifty stool specimens fiom swine fiom aiiothei legion, the 
positive lesults weie inei eased fiom 34 pei cent to 52 pei cent Iw nsiaSi 
eoneenti ation pioeediue 


SUUMAKX AND CONCLUSIONS 

1 A galvanotaetic method foi eoneenti atiiig B coli fioni snmc feces has 
been desciibed 
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2 By using this conceiitiation procedure, the percentage of positive results 
has been substantiallj increased fiom 56 per cent to 92 per cent in one hundred 
samples and fiom 34 per cent to 52 pci cent in fifty samples from sivine from 
a different locality 

3 It 13 suggested that this gah anotactic nietliod also may be employ ed f oi 
toncentiating B coh and othei protozoan paiasites in the feces of man 
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This observation applies similaily to the glohnlin suhfi actions and is confiimed 
by the electi ophoi etie diagiain befoie and aftei peifoimance of the cadmium 
leaction (Fig 1) The faiily legnlai diminution of all peaks is easily lecog 
luzable 


In the myeloma Seium 3 (Table I) wheie thiee-fouiths of the seium 
pioteins consist of gamma globnlm, the cadmium piecipitate has a coriespond- 
ing imbalance (Fig 2) Piobabl 3 ’ this ■nonld haie been even moie pionouiiced if 
it had not been necessary foi technical leasons to keep the total piotein 
content foi the thiee electi ophoi eses constant The relative ineiease of 
albumin content is thus also explained, howevei, calculation shows that the 
albumin in Seium 3 paiticipated only 6 1 pei cent in the diminution In Seia 
2 and 1, wheie the albumin contents weie twice and three times that in Seium 
3, the piopoitional figuies of the diminution iveie 3 and 6 4 times as much 
albumin Thus m the ease of gamma myeloma (Seium 3) less albumin is 
piecipitated than in the other seia Moreover, in Seium 2, where the albumin 
and gamma globulm contents weie neaily the same, the deciease in albumin 
amounted to 18 6 pei cent, yet that ui gamma globulin was 33 0 pei cent 
Hence it follows that the cadmium reagent precipitates moie gamma globulm 
than albumin 

Alpha and beta globulin are precipitated to a smallei extent, although 
fiuthei mvestigations aie neeessaiy to decide which of these subfiactions is 
piedomiuantly included 

Summai izing, electi ophoi etic analysis of tlnee pathologic seia vith 
stiongly positive cadmium reaction leads us to conclude that the cadniiura 
reagent precipitates gamma globulm piimaiilv, but that alpha and beta 
globulm and albumin aie also included in the piecipitate In this respect the 
composition of the imtial serum, which is relatively dependent on disease, is 
of decisive impoitance In geneial, the higher the content of one subfiaction 
as eompaied mth the otheis, the moie stiongly is it affected by the reagent 
Since it IS fiist of all a question of an amon action (the SOi ion having a 
stiongly dehydiating action according to its position in the lyotropic gioup) 
all protein fi actions aie affected Thus the cadmium reagent differs gieatlj 


from the thymol and eephalm-eholesteiol reagent 

Aecoidmg to Recant, Chaigaff, and Hanger’' (1945), incieased bpo 
pi oteins lead to a positive th^miol test, though they mfluence the cepha ni 
test but little, they state that the latter reacts eonsideiably to an increase o 
gamma globulin, whereas thjmiol shows little or no reaction Cohen am 
Thompson’® (1947) obtained similai results and found a strong thjuio 
tuibidity each time the lipoid-caiijang beta globubns were nraikedlj la 
creased This correlation was supported also bj" electrophoresis aftei centii Una 
tioii of the precipitate, which forms after standing overnight Since ie>h 
Kunkel and Hoagland® (1947) have shorvn by electrophoi esis of thiee t 
positive sera that this leagent combines chiefly with beta globulin, anc o • 
lessei degiee with gamma globulin In this case also the relative 
precipitated is in close relation to the protein composition of the initia 
The complex composition of the precipitate shows that probably oni » 
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Fig* l-iwV ‘>8 > car old \>oinan puImonar> luberculosia amyloidosis ot the kldoe^s 
a Nat»\o scrum 

b, Serum after precipitating with CdSOi equal decrease of every fraction the total 
diminution of the serum proteins is 30 ’ per cent or 1 62 Om. per cent (see Table II) 
Electrophoresis descending boundaries _ 

Temp 3 Cel pH =5 7 9 # = 01 Buffer JlJchaehs barbiturate 



Total protein 

content 13 5*^ 17% IQ 7 <7 

Fig — A 6 j jr old uonian nmUlple uoclonia (see Table 11) 

Pftect of the CdSOi reagent 
u Native Scrum 

b Serum after CdSO precipitating decrease of the y globulin fraction 
c Serum after repeat d CdESO precipitating further decrease of the y globulin fraction 
Electrophoresis descending boundaries 

PH = 7 9 a =0 1 temp 3 Cel Buffer illc laells barbiturate 
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of these leactions between leagent and protein subgioups is not yet complete 
Veiitication of the pi ecipitation optima by Maclagan and Bunn“ (1917) on 
electiophoietically -isolated piotein fi actions suggested, howevei, a gi eater 
susceptibility of the cephalin-cholesteiol leagent to gamma globulin This 
was found to be iiici eased about ten times with gamma globulin taken fioin 
a hepatitis seium This is at vaiianee with the findmgs of Kabat, Hangei, 
Mooie, and Landow^® (1913) who obseived a similai piecipitation with the 
cephalin test, and also with the colloidal gold test, even when the gamma 
globulin had been isolated fiom diffeient patients Maclagan^® found no le- 
aetioii between isolated alpha and beta globulins and the thymol leagent 
He concludes that the lattei reacts with gamma globulin Puithei investiga 
tioiis aie necessary to clear up this question, including the intense yet vaiymg 
inlnbitive action of albumin (Kunkel and Iloagland®) and the alterations in 
pieeipitative ability of the individual reagents in disease connected with then 
varying response in the course of the illness It also has been proved that 
during convalescence the individual tests lemain positive foi varying lengths 
of time ( See Gi ay and Bai i on Mai tin Maizels 

Foi clinical needs simultaneous application of seveial tests to the same 
case IS to be lecommended at present As we have already shown (Wuhi- 
mann, 'W’undeily, and Bubb“) the average response to the cephalin and 
thymol reaction agrees to a large extent in extensive senes of tests on three 
different disease groups (hepatic disoideis, infectious diseases without par 
tieipation of the liver, pulmonaiy tuberculosis) This is true also ivlien the 
cadmium test is included in such a compaiison (Table II ) On the othei 
hand, parallel tests pei formed simultaneously often exhibit divergences, some 
times one, sometimes another test appearing more sensitnm These individual 
deviations are only ecpialized, as Table II shoivs, to a very considerable extent, 
when results are taken as a whole 


Table II 


HEPATIC 

INFECTIOUS DISEASES 
(■WITHOUT PARTICI 

P VTION OF THE 

I ULJION lET 

DISOPDEKS 

UVEE) 

TUBERCUI OSIS 


number op cases EV.VMINED 



180 1 

135 

PoMtive result 



Cephalin test 

126 

84 

Thjmol test 

131 

82 

Cadmium, test 

123 

93 


106 


55 

60 

68 


We have alieady diawn especial attention to the sigiuficant fact a 
undei pathologic conditions a globulin inciease (of one oi more siibfiac i 
togethei with a simultaneous albumin deciease is alwaj^s obseived m ev 
case, and that among many thousands of investigations we never 
albumin inciease The observation of this one sidedly inverse 
iiiechaiiism is thus of especial impoitaiice to the result of serum lability e ^ 
since the positive result of these tests is dependent on an increase o on 
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several globulin fractions, the albumin always appealing diminished at the 
same time Piecipitation of the albumin by the cadmium leagent ne>ei occius 
in uoimal plasma undei the test conditions desciibcd, in the case of disease 
occasioned alteiatioiis m the seium, wheie piecipitation of the albumin may 
occui by means of the cadmium leagent the albumin is ahvajs quantitatn ely 
diminished In e\actly the same way, the quantitati\ e deci ease of the 
albumin ahvaj-s also appeals to be connected with qualitatne alteiations as 
is obseived in the mciease of the globulin fiactions connected therewith 
It lemains to be seen whethei in disease the two fractions of albumin as they 
were shown bj Luetschei'^ (1939) at pH 4, have diffeient latios fiom noimal 
serum an ineiease in one of them might easily lead to a diffeient leactivity 
with the reagents of the lability tests As a lule albumin does not split up 
into seieial undei fiactions at the pH range in which electrophoiesis is usually 
coined out and we aie theiefoic, not well mfoimed on the changes in the 
albumin fraction Accoiding to oui hpoid content of the 

serum (and thus the beta globulin complex) plays a paiticulai pait in the 
thymol tuibidity test (Kunkel and Hoagland ® Hangei ^ ) 

The view that an actual specificity exists in all these tests in lespect to 
hepatic diseases oi paicnclumatous damage to the bvei finally has been 
abandoned (AVuliimann AVundeily and Bubb’*) Foi the cadmium leactiou 
we ha^e emphasized from the begminng that clinical evaluation must make a 
stiict distinction between afebiiie disease (positive lesult especially in hepatic 
and renal diseases) and fevei states in which the positnc result is geneially 
speaking an expression of the reaction of the icticuloendothehal s^stem Table 
II shows that this observation also applies to the eephaliii cholesterol and thymol 
tests 

SUMMARY 

1 The cadmium reaction a simple test utilizing a stable reagent and five 
minute reading is descrilied Accordnig to electiophoretic tests it is not dc 
pendent on one but on seveial protein fiactions and especially on their rela 
tionslup with one anothei The positive cadmium reaction is due above all 
to an increase of the gamma globulin but an increased content of the alpha 
and to a lesser extent of the beta globulins contnbutes Piecipitation of the 
albumin is likewise observed m such seia 

2 The greater the increase m content of an individual globulin fiaction 
the more will be precipitated by the cadmium reagent The albumin fraction 
precipitates only if the globulin fiactions exliibit moibid displacement 

3 Attention is diawsi to the clinical nnpoitance of the cadmium leaction 
and its delimitation m respect to the cepbalm cholcsteiol and thymol reactions 
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AN IMPROVED DEVICE FOR OBTAINING PLASJIA 
ANAEROBICALLY 

Aldo G\b\kdi and Hobvce W Davenport 
Salt Like City, Utih 

T he method of centufuging blood in the syunge m which it is drawn in 
order to obtain plasma anaeiobieallj* has proicd useful in leseareh and 
clinical laboiatoiies AVhen the syringe is centrifuged the barrel is prevented 
from being foiced ovei tlie pliingei by means of a metal oi plastic spacer held 


Glffss fllay 


JFjvssare 

falling 


JgfiQfe - 6 /oorf 




Van slyke 
pipelle 


Ue-lak/n^ 

JSanma 


Erylfiroc^tea 


Sjoacer’ J>e/d cm 
plam^BT vfi/A 
makiber- J>3nx/a 


Fig 1 — TJjo use ot the ayrltiBC spacer to obtain plasma anaerobically 


on the plunger by rubber bands However, constiuction of the spacers as 
oiiginally descubod requires the services of a moderately slulled mechanic 
The iii ipioicd spacer described here can be made by anjono 

From tile Department of Phsslologj VnKcmity of Utah Collega of Ifedlclne 
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DESCRIPTION 

The spacei is made of a 1 em wide strip of 20 gauge aluminum oi otliei 
metal bent into the shape shown in Pig 1 TJie stiip of metal can be shaped by 
henduig it aioiind two naOs diiven in a board It is advisable to make spaceis 
of graded sizes The most useful sizes aie those which when placed over a 5 mi 
syzinge will peiniit it to hold 5, 4, oi 3 ml of blood Spaeeis foi 2 ml syringes 
aie paiticulaily useful when blood is being diaivii from small animals 

The entile plunger of the syiinge is gi eased with a Iight-bodied stopcock 
lubiieant The plungei is pushed into the ban el and turned thiough several 
levolutions A needle is placed on the syiinge, and a few diops of hepaim solu- 
tion aie diawu into it If raoie than a small bubble of an lemains m the syimge 
it IS expelled Blood is diawn into the syimge, and some is expelled foi meas- 
uiement of pH The needle is removed, and a length of piessiue tubing about 
1 5 cm long is placed on the tip of the syimge With the tip held upwaid the 
plungei is forced in to fill the lumen of the tube with blood A glass plug, fire 
polished on one end and flattened into a luiob on the othei, is inseited into the 
lumen ot the tubing 

The appiopiiate spacei is placed aiound the plungei and tightly wiopped 
with lubber bands The plug is removed, and the plungei is pushed in until 
the spacei comes to lest against the baiiel While the spacei is held in tins 
position the plug is leplaced The assembly is then eentiifuged with the plungei 
down When centrifugation is finished the syringe is held with tip up and tlie 
spacei IS lemoved The plug is witlidiawn and plasma is foiced into a blood 
gas pipette whose tip is inserted into the lumen of the tubing 



ON THE DETERMINATION OP PROTEIN IN SERUM AND IN FRAG 
TIONS OBTAINED PROM SERUM WITH A BIURET REAGENT 
PREPARED AVITH SODIUil HYDROXIDE 

Andre C Kibricr., Ph D 
New York, N Y 

I N 1942 Kingsley proposed the use of a bmiet reagent containing 11 7 and 17 3 
per cent sodium hydioxide for the dctcimination of total protein and albumin, 
respectnely in senim ^ Gomall and co woikers ha\e lecentlj reported that the 
reagent piepaied in this way may lead to sciious error and they suggest the use 
of tartrate as a stabilizing agent® Othei workei's ha\e applied the biuret re 
action m various ^vaJs ^ * For the past two years we have emplojed the reagent 
of Kmgsley with 11 7 per cent sodium hydroxide for the detcrmmation of total 
protein in serum and of tlie protein remaining m solution after the precipitation 
of globulin fractions ivith either sodium sulfate or methyl alcohol ® ® Our 
expenence ■^vlth this leagent is quite satisfactory and we endeavor to show in 
this paper that it permits a con^enlent method foi ehnical laboi atones 

EXPEBIilENT \L 

The method of King 8 lc 7 was modified slightly in order to use the same reagent for 
serum and for filtrates obtained from serum The reagent was prepared b> adding 1 200 
ml of 1 per cent copper sulfate to 6 000 ml of a solntion containing 068 4 Gm of sodium 
hydroxide, using sodium hydroxide pellets of ACS grade from only one source* and copper 
sulfate ACS fine crystals, from only one batch In contrast to tho experience of Gornall 
and co workers we have found the reagent prepared in this way to be stable in a stock 
bottle for 8e\eral months and to be uniform on repeated preparation Standard curves 
obtained from serial dilutions of serum or filtrates of serum of known protein content, de 
termined by tho Kjeldahl method and correction for nonprotein nitrogen have been identi 
cal Although we have not succeeded m finding a con\enient substance which gives the 
biuret reaction to substitute for serum in the standardization Hiller Gnef and Beckman 
have reported that chromium ammonium sulfate has essentially the same absorption curve 
as that of the biuret color f Apparently this is not true of the color obtained with the 
reagent containing 11 7 per cent sodium hydroxide Fig 1 compares the curves obtained 
with an Evelyn colorimeter of chromium ammonium sulfate, cobaltous sulfate, and potas 
Slum permanganate Although neither the chromium complex nor cobalt sulfate is similar 
to our biuret color, potassium permanganate is quite similar and may be used for standardi 
zation Fig 2 shows that tho color of permanganate obeys Beer's law over a considerable 
range at 540 millimicrons 

Tho determination was made as follows For total protein 0 15 ml of serum was 
added to 10 ml of the reagent in a colorimeter tube About 2 ml of ether wore added, 
and the mixture was thoroughly shaken and allowed to stand at room temperature for 
fifteen minutes The color was then measured in an E\elyn colorimeter at 540 m/x using 
a blank solution containing 10 ml of reagent and 0 15 ml of 0 9 per cent sodium chloride 
For albumin in tho methjl alcohol filtrates obtained by tho method of Pillemor and 
Hutchinson,® 1 ml of solution was added to 10 ml of reagent and the color was measured 
after fif teen minutes, using a blank solution containing all of the reagents. For filtrates 
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concentrations of sodium sulfate, 3 ml were added to 

htnl ^'“7 reagent and the color also was measured after fifteen minutes, using a 

blank solution containing ail of the reagents ° 



The concentiation of piotein was calculated fiom the standard cuives whicli 
are described by the following equations, in which D is the optical density at 540 
miUimicrons 


Total protein in serum 

Methjl alcohol filtrates 
Sodium sulfate filtrates 
21 per cent* 


D 

0 088 

D 0 001 
0 1143 

DO 01 
0 072 


X 100 = per cent 
X 100 = per cent 

X 100 = per cent 


26 per centt 2 x 100 = per cent 

0 0691 

IS, 16, and 19 per centt .P t ^ 9 ^^ x 100 = per cent 
0 073 

•Concentration of Uie final mixture obtained by adding 0 5 ml of serum to 9 5 oil 
sodium sulfate reagent 

tConcentration of Uie final mixture obtained b> adding 0 5 mi of serum to 10 ml 
sodium sulfate reagent 


of 

of 
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The filtiatc from the method of Pilleraei and Hutchinson ivitii metiijl alcohol 
was added at lefiigeiator temperatuic and the standard curie ii'is prepaied by 
also adding samples of filtrate at this temperature The sodium sulfate filtrates 
■neie added at meubator tempeiature but the determiiiation in 21 pei cent salt 



Fig '> —Values of optical density for different concentrations of potassium permanganate 

lias also made at room tempeiature SUindard curves vv'ere piepaied at both tern 
peiatures and were found to be essentially the same when the concentration of 
the reagents of sodium sulfate was adjusted eithei to loom temperature oi to 
37“ C 

Uthough the temperature of the room is not critical, the results may be 
affected significantly in warm weather Table I shows the values of optical 
density in a series of identical samples whjch were doteimined in a watei bath 
at 25° and 30° C During the summer months it is our practice to keep the tubes 
in a watei bath at 25° until measurement in the colorimeter 

A final remark may be made conceimng the determination of piotein bj 
the biuiet leaction Oui e\peuencc coiifiims that of Wokes and Still that the 
intensitj of the biuret eoloi maj be maikedlj increased m aged samples of 
serum® Wo oceasionallj have found an appaient concentration of as much as 
10 and 11 per cent in samples which were stored in the refrigerator foi about sis. 
weeks We do not have an explanation for the change which takes place, but it 
is probablj duo to baeteiial action There was no increase in the apparent con 
eentration of normal serum that was drawn and stored in the refrigerator for 
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Table I Me\surem:ent op the Bioret Color in Seruji at 25° and 30° C 


SAMPLE 

1 OPTICAL density ] 

\PP 2 VRENT 

concentrition 

1 25° 

1 30° ' 

25° 

1 30° 

1 D 1 

Git PER 100 ML 

1 

0 653 

0 683 

7 42 

7 76 

2 

716 

739 

814 

8 40 

3 

520 

530 

5 91 

6 02 

4 

602 

620 

6 84 

7 05 

5 

615 

638 

7 00 

7 25 

6 

629 

663 

715 

7 54 

7 

615 

634 

7 00 

7 21 

8 

Oil 

638 

6 95 

7 26 

9 

602 

620 

6 85 

7 05 

10 

699 

716 

7 95 

814 

11 

611 

634 

6 95 

7 21 


SIX Aveeks \indei bteiile conditions However, an apparent change from 7 5 to 
8 5 pel cent piotein took place in the same seinm when the flaslcs weie opened 
occasionally without steiile pieeantions 

SUMMARY 

A biniet leagent prepared aecoidmg to Kingsley ivith 11 7 pei cent sodium 
hydioxide is shown to be stable and is leeommended foi the deteimniation of 
piotein in seiiun and in both methyl alcohol and sodinm sulfate filtiates of seium 
Absoiption cuives aie piesented foi the biuiet coloi obtained with seium and 
with a sodium sulfate filtiate of seium, and foi chiomic ammonium sulfate, 
cobalt sulfate, and potassuun peimanganate The euive of the lattei most 
closely lesembles that ot the biuiet coloi, and tins substance is recommended foi 
the standaidization of the reagent 
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STUDIES OP THE DIFFERENCES BETWEEN BIURET AND 
KJELDAIIE DETCRRINATIONS OF SERUM PROTEINS 

I Experimental Peritonitis 

George R IDvgslfi MS* am> E A Terzi vn, Ph D t 
PhILADEIjPHU Pv 

A PREVIOUS leport on patients with luei clibeabe* established definite 
diffeienccs in the lesults of deteiinimtions of seimn proteins by bnuet 
and Kjeldahl methods A furthei compamon of these methods as made in 
experimental peritonitis m dogs to confirm pievious findings in smuhi diseases 
ni human individuals As indicated pievionsly it is not known whether the 
changes observed lepiesent a gain or a loss of nitiogen or of peptide linkages 
For con\emence the> aie desciibed m terras of net change of buuet leactivity 

METHODS 

AU protem determinations in this investigation were made simultaneously by the 
macro Kjeldahl and biuret methods, * using tho ether sodium sulfate method* for the 
separotion of albumin and globulin Fresh unheniolyzed scrum from blood samples taken 
cither by vein or cardiac puncturo wus used Adult mongrel dogs weighing an average of 
16 kilograms were used- Prior to operation, small doses of morphine and atropine were 
administered subcutaneously Ether anesthesia and aseptic technique were cmplo>ed 
Spreading peritonitis was induced according to tho procedure described bj Bower Bums, 
and Mengles Tlie appendix and its mesentery together with all its blood vessels, were 
ligated and the appendix was traumatised Sixty to 00 ml of castor oil varied according 
to the weight of the animal, were administered bv a catheter immediately following op 
eration Water was withheld for fortv eight hours to aioid persistent vomiting Simple 
laparotomjs were performed on control animals exposing the Mscera without ligation of 
blood vessels or traumatiration of the appendix follouing the same anesthetization as in the 
experimental auunals Plasma volume and blood volume were estimated according to the 
method outlined bj Gibson and E\an8« 

EXPERIMENTAL 

Induced spreading pentonitis in dogs appiieuth caused m a^er^ge de 
crease of biuiet leactiiity of giobuliii of 0 6b Qm pel cent (TibJe /) with a 
standard eiior of + 0 08 Ihis lalue is highly significant Nine out of ten 
animals shoived a significant difference m serum globului as detei mined by 
biuret and Kjeldahl methods Apparently the ciinnge oceuis soon aftei the 
development of peritonitis since this diffeienee nas fanlj umfoim fiom the 
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Table I Differences Between Biuret and Kjeldahl Determinations Before and 2 to 
10 Days After Simple Laparotomy in 3 Dogs and Spreading 
Peritonitis in 10 Dogs 


difference, kjeldahl minds biuret 



BEtORL OPEPATION 

Al TER OPER\TION 

ALB 

(Git %) 

GLOB 
(GM %) 

ALB 

(Git %) 

GLOB 
(Oil %) 

Standard, deviation, laparotomy 

HEElBii 

017 


■BSEliH 

Standard deviation, peritonitis 

0 07 

0 06 

0 04 

0 66 

2 6 X std dev , laparotomy 

±0 34 

±0 44 

±0 34 

±0 34 

2 6 X std dev , peritonitis 

±018 

±0 16 

±0 10 

±172 


Number of dogs with changes m serum albumin and globulin after operation 
greater than. 2 6 times the standard deviation (elevated, +, no significant 
change, 0 , reduced, -) 



+ 

ALBUiUN 

0 


+ 

GLOBULIN 

0 

Laparotomy 

0 

3 

0 

0 

3 0 

Peritonitis 

1 

8 

1 

9 

1 0 


second to the tenth day following the opeiation No significant change oc 
cuiied in the albumin biuiet leactivity oi total N duiing the same peiiod 
Average differences between piotem determined by bnuet and Koeldahl N 
methods in both albumin and globulin weie ivithin noimal limits befoie peiito 
nitis was induced, and similaily, aveiage diffeiences in the contiol (lapaiot- 
omy) animals weie not significant In spite of a laige loss of 8 to 31 pei cent 
(18 9 pel cent aveiage) of total eiiculating plasma piotein, an inciease of 04 
Gm pel 100 ml was obseived in total piotem by the Kjeldahl deteimination, 
piobably as a lesult of dehydiation Howevei, the biuiet deteimination in- 
dicated no change in total piotem befoie and aftei peiitonitis The Kjeldahl 
deteimination indicated a deciease in A/G latio fiom 166 to 109, while a 
smallei deciease fiom 167 to 139 in A/G latio was shoivn by the bnuet 
method 

DISCUSSION 

It has been shoira^ that livei disease ivill cause changes in the noimal le 
lationships between total N and biuiet N m seium piotems, especially globulin 
The degiee of loss of biuiet N m globulm m e\peiimentally mduced peiitomtis 
IS similai to that obseived in eiiihosis A compaiable change m expeiimenta 
peiitonitis aftei two to ten days may be due m pait to the lapid loss of laige 
amounts of cii dilating plasma piotem which placed an additional buiden on a 
hvei already actively involved and fuithei mipaiied by the toxemias of the is 
ease Smce these dogs ate little dm mg the acute phase of the mfection, nia 
nutiition may have been an additional factoi 

SU'U'M.VRY 

1 Induced spreading peritonitis in dogs pioduced diffeiences ni seium 
globulin deter nmrations by the biuiet as compared ■with total nitiogen me 
ods These difteienees weie similar to those obseived in cuihosis 

2 No coi responding changes in the albumin fraction were obsened 
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STUDIES OP THE DIFFERENCES BETWEEN BIURET AND 
KJELDAHL DETERMINATIONS OP SERUM PROTEINS 

II Effect of Occlusion op the Hepatic Artery and Ligation of the 
Gastroduodenal Artery on Seruji Proteins 

George R Kingsley, jM S and Albert A Behrend, LI D 
Philadelphia, Pa 

A PREVIOUS lepoit on patients with vaiious diseases^ and one on animals'’ 
established definite diffeiences in the results of deteiniinations of seium 
pioteins by biiiiet and Kjeldahl methods Fuithei eompaiison of these methods 
was made following occlusion of the hepatic aiteiy and ligation of the gastio- 
duodenal aiteiy in dogs to deteimine the effect of a distiiibance of aiteiial circu- 
lation and nutiition of the livei upon the biuiet and K 3 elddhl N lelatioiiship m 
seium pioteins and in addition to establish the lelationship of this hvei impair- 
ment to pievious findings in li\ei disease 


METHODS 

All protein determinations were made simultaneously by the macro Kjeldahl and biuret 
methods 3 4 The ether sodium sulfate methods was used for the separation of albumin and 
globulin Only fresh unheniolyzed serum was used for all determinations 

Sodium Amjtal intrapentoneally was used for anesthesia A partial clamp was apphed 
to the hepatic artery which was gradually tightened from one to eight minutes durmg the 
two or three weeks following the operation on three dogs Cellophane was placed and held 
by two to three Michel skin clips around the hepatic arterj to produce occlusion in fourteen 
other dogs The gastroduodenal branch of the hepatic artery of all dogs was double ligated 
and divided at the time of operation Ten or more weeks later the hepatic artery was hgated 
at the point of occlusion Bepeated determinations of seium proteins (biuiet and total N), 
urea, nonprotein nitrogen uric acid, hemoglobin, sugar, cholesterol, and cholesterol ester were 
made on the blood of the dogs for periods up to 120 dajs following the initial operation 


RESULTS 


In even dog m the peiiods studied (Table I) a loss of biuiet leactivity 
oecuiied m the globulin fiaction The aveiage loss of biuiet N in the globulin 
fi action fiom the second to the one hundred and thirtieth clay after the opeia 


tion was 0 36 Gm pei cent (Fig 1, Table I) 

Tlieie was a gradual letnin to noimal in the biuiet N/Kjeldahl N ratio o 
the globulm following the opeiation from a loss of 0 40 Gm pei cent biuiet 
to 0 08 Gm pel cent on the thirty-fifth day Losses occur led again until o 
Gm per cent globulin biuret N had been reached on the fiftj^-fifth day, a tei 
which a slow lecovei's oceuiied until the one hundied thutieth dav w leii a 
smallei loss ot biuiet N of 0 30 6m pei cent wms reached No average sigm 
cant gam oi loss in albumin biniet N occuiied in the 130 days following 
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operation (Table I) Hon ever, the albunun values represented digranimatically 
m Fig 1 show an iiiegular loss of albumin biuret N in the first thirty five days 
follomng the operation from 0 1 Gm per cent to -0 20 per cent 



Flff 1 »Blag-rammatIc representation of S'ain and ioss of biuret linkages (Gm ^ N) of 
serum proteins In dogs after occlusion of the hepatic orterj and ligation of the gastroduodenaj 
artery (data from Table I) 


Table I DiF/EnEVCEs Betweev Biuarr \np Kjclpabl DETERi^INATIo^s FoLLOtviNc 

OCCL\3SVON OF TiiE HEF '^TIC \KTE-rY AND LiOATlON Oi THE GASTRODUODENAL ARTERY 


HUMBER Of 
DOOS 

DVYS AFTER 
OPERATION 

BIURET 

DIFFERENCES BIURET MINUS 

KJELDVnr 

ALB. 

(CM %) 

GLOB 
(CJI %) 

ALB 

(CM %) 

QLOB 
(QM %) 

10 

2 

3 7 

2 1 

0 1 

-01 

7 

3 10 

33 

32 

01 

-01 

11 

11 30 

30 

31 

01 

-0 3 

10 

3150 

26 

32 

-01 

-0 1 

8 

51 70 

30 

29 

03 

-0 0 

13 

71 90 

29 

30 

00 

-01 

8 

91 130 

32 

31 

00 

-03 


Albumm biuiet N increased fiom the thirty fifth dav to the sixty fifth day 
Mhen a gam of 0 30 Gm pei cent was shown The biuret N/Kjeldahl N ratio 
returned to normal on the seventy fifth to eighty fifth days The greatest aver 
age loss of albumm biuret N oecuircd on the thirty fifth day Theie was an 
apparent relationship between the simultaneous gam of albumm bimct N and 
loss of globulin hiuiet N, and loss of albumin biuret N and gain of globulin 
biuret N as shown in Pig 1 The highest globulin biuret N occurred at the 






1180 


KINGSIjEY and behrend 


time of the greatest loss of albumin biuiet N, and the reverse occuiied when 
the greatest loss of globulin biuret N ivas reached at the approximate time of the 
greatest increase in albumin biuret N A few animals, Dogs -105 and 427 
(Fig 2) and Dogs 479 and 723 (Fig 3), showed marked leveisal in then loss 
and gain of biuret N in albumin and globulin A gam of globulin biiuet N 



was reflected m a simultaneous loss of albumin biniet N, and loss of globulin 
biuiet N occurred when there was a gam of albumin biuiet N This direct re- 
lationship was continuous throughout all periods studied after the dogs were 
operated upon 

Hemoglobm levels had a direct quantitative relationship to thobiuiet 
changes m albumm and globulin, as shown m Dogs 405 and 427 (Fig 2) Loss 
of albumm biuiet N accompanied loss of hemoglobm, and an increase m henio 
globm occuiied with a gam m albumm biuiet N However, only these two 
dogs had abnormally loiv hemoglobm levels 

All dogs showed no significant change in whole blood urea N, nonpioteiu 
nitrogen, uiic acid, glucose, and seium cholesterol and estei Only a few dogs 
showed slightlj low'eied hemoglobm levels 

All dogs w'ere examined at autopsy, and sections of the liver, spleen, an 
arteries were taken Histologic findings are to be reported elsewheie The 
hepatic aitery wms completely occluded except m three dogs m which occlusion 
was almost complete 

DISCUSSION 

The most persistent change in the serum proteins of dogs following ocelu 
Sion ot the hepatic artery and ligation of the gastroduodenal aiteij is the oss 
of globulin bmiet N This is also the most typical change m the seiuin pioteins 
of patients wuth liver disease ^ This similarity would indicate that 
in aiteiial eiiculatioii and nutiition of the liver produces stiuctuial c laUaCS 
within a lelatnel}’^ short time in the seiiim proteins which are observe m 
cirrhosis after much more time has elapsed The large loss of globulin mie 
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N immediately aftei the opentioii m the dogs (Fig 1) probably lesults from 
the ligatiou of the gastioduodeiial arten Appaieiitly collateial ciiculation to 
replace that of the gastioduodeiial aitei-j is established in the first thiitj five 
days following the operation since the globulin biiiiet N returned to almost 
normal Honeiei, theie is a giadiial loss of albumin biuiet N dunng tins 
time This luvoise relationship of the biuret N of albumin and globulin is 



very clearly shoyvii in individual Dogs 405 and 427 (Fig 2) and 479 and 723 
(Fig 3) These changes observed in the thirty five days fonoyyiiig tlie opera 
tion would piiinanly lesult from the mahiutntion produced by the loss of 
gastroduodenal aitenal circulation The incieasiug loss of globulin biuiet N 
accompanied by uieiease of albumin biuiet N aftei tlie tliirty eighth day follow 
ing the opeiation (Fig 1) may have resulted from the gradual occlusion of the 
hepatic aitery This change increased until about the sixty fifth day when 
greater loss of globulin biuiet N and gam of albumin biuiet N were reached 
The rate of occlusion of the hejiatic ai leiy was v inable in the do„s Some dogs 
examined showed complete occlusion of the hepatic aitery after tliiity five days 
After the sixty fifth day the albumin and globulin biuiet N again started to 
return to iionnal, probably as a lesult of establishment of collateral hepatic 
arterial circulation Nearly eveiy peiiod studied iii each dog shoyyed a total 
net loss of biuret N This is also true in induced peiitoiiitis in dogs* in nhieh 
the principle loss of biuiet N occurs m the globulin The tendency foi the 
globulin fraction to he moie labile to greater biuiet N changes than albunmi 
may be due to its largei raoleculai size yvhich requires a more highly developed 
complex biologic process foi its formation and maintenance The biuret linkages 
in globulin may be less stable The foimation of globulin also may be secondary' 
to that of albumin However it is interesting that the appioach to normal biuret 
N 111 albumin and globulin occurs at the same time (Pigs 1 2 and 3) and that 
their grapli lines of a gam or loss of hmiet N iieaily always cioss at 0 1 pei cent 
hmret N This would indicate that thcie is some definite relationship between 
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albumin and globulin in the mode of foimation, oiigin, oi exchange of then 
biuxet N Theie is also some indication that hemoglobin eoncentiation has some 
lelationship to gam and loss of biuiet N in albumm and globulin (Dogs 405 and 
427, Fig 2) The gieatest loss of albumin biuiet N and the gieatest gam of 
globulin biuiet N is accompanied by the lowest hemoglobin levels Since loss of 
albumin biuiet N usually occuiied only when the A/G latio was 1 oi less, it 
would appeal that quantitatively albumin and globulm levels have some lela 
tionship to the maintenance of noimal biuiet N/Kjeldahl N latio of seiura pro 
terns 


SUMMARY 

1 Distuibanee of the metabolism of the livei eithei by occlusion of the 
hepatic aiteiy oi ligation of the gastioduodenal aiteiy in dogs is followed by a 
laige loss of seium globulin biuiet N and a smallei gam of seium albunun biuiet 
N, lesulting in a net loss of biuiet N in the seium pioteins 

2 No significant change m whole blood uiea N, iioupiotein nitiogeii, mie 
acid, glucose, and seium cholesteiol and estei was obseived in dogs following 
occlusion of the hepatic aiteiy and ligation of the gastioduodenal artery Low 
hemoglobins weie obseived m a few dogs 
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STUDIES OF THE DIFFERENCES BETWEEN BIURET AND 
KJHDDAHL DETERMINATIONS OF SERU3I PROTEINS 

HI Liver and Other Diseases 

George R King3l.ey, MS ,* and Thom:vs E Machella MD 
Philadel'^^hu, P\ 

P RELIillNARY reports on patients ith chrome hvei disease,* peritonitis m 
dogs,* and occlusion of the hepatic artery and hgation of the gastroduodenal 
artery in dogs^ established definite differences m the results of determinations 
of serum proteins by bmret and total uitiogen (K^eldahl) methods Since good 
agreement between these methods exists m normal individuals* furthei com 
parison Mas made in order to aseertam the significance and possible diagnostic 
value of such differences in various diseases The changes observed indicate 
that eithei gams or losses of nitrogen oi of biuret linkages have occurred The 
data at present do not permit a distinction to be made 

METHODS 

All proteia dctcrmmations m this mvestigatioa were made Bimultaneousl^ by the macro 
Kjeldahl (using factor 6 25 to convert N to protein) and biuret methods * ^ The ether 
sodium sulfato method* was used for the separation of albumin and globulin Only fresh 
and ■vinbeiiit>\>ied serum was cmp\o>ed Urea and nonproVem niViogen deteTimnationa Mete 
raado to correct the Kjcldahl protein determinations for nonprotem nitrogen The Kjeldahl 
digestion for total protein determination was earned out by gently boiling m a 300 ml 
Kjeldahi dask 10 ml of concentrated sulfuric acid 4 Gtn of sodium sulfate and 0 5 Gm of 
copper sulfate with 1 ml of serum for odo hour Twelve milhhters of albumin sodium sulfate 
solution from tho globulin precipitation equivalent to 0 8 ml of serum were used for the 
albumin determination The s^me amounts of reagents were used as m the total protein 
determination •vnth the eveeptjon of the addition of onlj 1 5 Qm of sodium sulfate No in 
crease in total nitrogen was observed when digestion was continued for two four and aiv 
hours 

RESULTS 

The data obtained from the stiid\ of ranous types of Iner disease hate 
been classified (Table I) as Laenncc s cirihosis Banti s syndrome biharj or 
obstiuetive, and nuscellaneous hepatomegalies The data of this table confirmed 
pretious obseri ations’ ” tvith legard to decreased albumin and correspondingly 
decreased A/G latio Diffeienees between the results of bjuret and Kjeldahl 
determinations in the lanous types of liver disease aveie very similar There 
was a consistent decrease of peptide linkages as measured bj the biuret reaction 
(or increase in total nitiogen) of the globulin fraction in all types of liver dis 
cases studied The aveiage loss of normal biuret leactivity of the globulin frae 
tions of the eighty four patients vvnth liver disease studied was 16 per cent The 
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average differ enee of OlY grams pez cent bctneen pratein determined by ICjel 
dahl and biuret methods in the globulin fiactioii iias liiglilj sigiuficant as the 
standard enor of tins difference was only ±0 10 

This difference between Kjeldabl and biuret detcimiiiations of the globubn 
fraction was reflected in a corresponding difteronce of Kjeldabl and biuiet N in 
the total pioteui detenninations which resulted in a siguifieautly highei A/G 
ratio as determined by the biuret method On the aieiage, there was no signifl 
cant inoiease m the biuict reaetuitj of the albumin, although tlieie appeared to 
be a tendency for an increase in tweiitj foui cases In the gioup of eighty four 
cases of hepatic disease onlj three one of chioiiic cholangitis one of scurvy with 
hepatomegaly, and one of metastatic neoplasm, e\hibited a significant increase 
111 biuiet linkages of tlie globulin fi action 

To\io thyroid disease (Table I) was veiy siinihr to poital cirrhosis in the 
abnormal biui-ct leactivitj /Kjeldabl N ratio of the globulin fraction A de- 
crease of 17 per cent in the biuret linkages of the globulin fiaetion occuiied 
However, as tbe number of easts in tbis group was small, the standaid error of 
the diffeieiices of the Kjcldahl and biuiet determinations of globulin and A/G 
ratio was not as highlj significant as in the much laigei group of liver diseases 
The inereaso of biuret linkages of the albumin fraction even though small was 
much more significant than tliat found m portal ciirhosis The total protein 
and A/G ratio as deteimiued bj the Kjeldalil nictliod weie faiily normal, the 
A/G ratio being the biohest of any group studied This demonstiates that in 
disease, serum proteins maj be uoimal quantitativelj bj Kjeldabl determine 
tions when they aie actuallj abnormal in their biuret linkages The finding of 
a small significant change in tlie albumin fraction in thyrotOMCOsis together with 
a laigc loss of biuiet linkages m the globubn fraction substantiates the evi 
deuce"' presented for tbe activitv of the thjioid in the formation of seiuni 
globulin However, seeoudarj livei damage may follow thyioid hyperactivity 
A majority of the vaiious types of anemias diseases of the blood (Table 
I) as individual cases sliowed an increase in biuiet linkages in both protein 
fractions This group on the aveiage showed no significant inciease in biuiet 
linkages, probably because of the gieat lange of individual values (globulin 
1 i to 5 i) and because of the different types of anenins in the small group 
However, if tbe gain and loss of biuret linkages in scrum albumin and globulin 
aie added, a significant net gam in biuiet linkages is observed, the average gam 
being 0 3 Gm per cent with a standaid crroi of + 0 12 per cent This is the 
onlj group studied which showed an ovci all gam in biuiet linkages These 
data indicate that a disturbance of the blood cells may act as a stimulus for the 
temporary overproduction of biuict Imkages m serum albumin and globulin 
Senal detcimmations of biuret Imkages (Table I) weie made m four eases 
of tjphoid fevei from the second and fouith to the eighth and twelfth week of 
the disease Little change ocemred m the albuinin fractions except m one case 
complicated by liypei tension In all, the globulin fraction showed a loss of 
biuret linkages starting with the fourth week and ictuiiied to nomal with 
clinical recoveiy The loss of faiui'et Imkages in globnlm lesembled that in 
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poital ciiihosis and niaj indicate at least tempoiaiy livei damage in typhoid 
An indication also i\as given that the livei's ability to foini noimal pioteins 
was noticeably impaued until after the thud week of illness 

A laige number of miscellaneous diseases, some ot which showed significant 
changes in the distiibution of biuiet linkages in the piotein fi actions, aie suiii- 
maiized in Table I A case of malnutiition with tiansfiision leaction and 
anothei tiansfusion leaction showed a marked loss of biuiet linkages m the al 
bumin fi action Diabetes, diabetic coma, and complicated diabetes showed wide 
vaiiations in distiibution of biuiet N Two cases of cystinuiia showed a simul 
taneous loss of biuiet N in the globulin and gam m the albumin fractious A 
case of chionic ulceiative colitis lesembled malnutiition in biuiet N changes as 
did niitiitional edema A patient with myxedema showed a maiked mciease ui 
biuiet N 111 the globulin -with no change in the albumin This is m contiast to 
the deciease in biuiet N in the seium globulin of thyiotoxieosis A patient lutli 
dystonia quadiiplegia showed an almost equal exchange of biuret N fiom glob- 
ulin to albumin, a loss and gam of about 20 pei cent A case of schizophieiiia 
showed an opposite tiansfei Howevei, this patient was suspected of having 
liepatie disease, although no definite diagnosis could be made One patient with 
lymphogianuloma inguinale, who showed maiked mveision of A/6 latio, ex- 
hibited changes m biuiet N similai to those m poital ciiihosis In one patient 
■with IjTnphopathia venereum theie was an mciease m bmiet linkages of the 
globulin fi action, ■while two otheis showed a deciease, all tliiee of these patients 
had definite hjTieiglobulmemia Patients suffeimg from caidiac decompensa- 
tion, acute nephiitis, m^soma uteii, and bionchopneumonia showed no changes 
in the 1101 nial distiibution of biuret N 


CASE REPORTS 

A few interesting cases e'Uubiting reversal of biuret and Kjeldahl N differences coin 
ciding with marked clinical changes were studied over a period of several weeks A colore 
man, 30 tears old (No 1, Table II), with an apparently quiescent sickle cell anemia showe 
about 20 per cent gain in biuret linkages of the globulin fraction There was also a 16 psr 
cent loss of biuret linkages in the albumin fraction About two weeks later, the distribution 
of biuret reactuitj in the protein fractions had returned to normal However, this condition 
w IS not stabilized A marked reversal of biuret distribution occurred four weeks later re 
suiting in a 26 per cent loss of biuret rcactivitj in the globulin fraction and a small increase 
of biuret N in the albumin fraction During these six weeks the icterus index had incrcMC 
from 7 to 450, urea N from 14 to 23 mg per 100 cc, while cholesterol ester 
1 per cent of the total cholesterol Although the total protein was elevated with a low 
ratio, of 0 7 to 0 S, there was little significant quantitative change m the protein rac lo^^ 
throughout the six week period This again shows that marked qualitative changes in 
proteins may take place while no quantitatiie changes occur , 

A 0 jear old girl, five montlis after second degree bums (No 2, Table II) 
changes m biuret reactii itj of serum proteins similar to those observed m portal cirr i ^ 
Six to eight weeks later, coincident with malnutrition, fever, anemia, and urinary ^ 

fection, a reversal of biuret nitrogen distribution had occurred with a loss m albumm “ 
gam in globulm biuret linkages Eleiea weeks later after a diet nch in ammo aci s, pr^ 
and vitamins, the patient showed marked clinical improvement and the biuret dis n 
returned to normal Howeier, se\en weeks later the patient returned to the ospi 
malnutrition, feier, and anemia and again e'vlubited abnormal biuret distribution yv 
this clmical change 
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Table II Bevehsal or Kjelduil ifiNus Biuret Diffeeences in Diseased Individuvls 


NO 

1 CLINIC.VL j 

I COA DITJON 1 

i CUAXOES IN KJELDVJIL PROTEIN MINUS BIURET PROTEIN (GM 

1 WITH TIME 

%) 

1 

Sickle cell anemia 

Albumin 

05 

00 

02 

Uo 






Globulin 

-0 9 

-10 

12 

0 2 






Date 

3/10 

3/20 

4/23 

5/1 




2 

Burns 

Ubumin 

03 

-0 5 

07 

03 

09 





Globulin 

07 

02 

-0 2 

02 

-0 3 





Date 

3/2o 

4/10 

4/23 

7/11 

9/27 



3 

Multiple myeloma 

Albumin 

03 

00 

02 

02 






Globulin 

-0 4 

00 

03 

OS 






Date 

7/11 

7/14 

9/25 

10/9 




4 

Biliary cirrhosis 

Albumin. 

00 

-01 

01 

01 






Globulm 

1 2 

1 4 

10 

15 






Date 

20/7 

10/21 

11/7 

11/25 




5 

Nephrotic syn 

Albumin 

02 

07 

06 

02 

05 

04 

02 


dromo 

Globulin 

02 

05 

-0 4 

00 

-0 2 

-0 6 

00 



Date 

0/12 

5/14 

5/15 

5/16 

5/20 

5/21 

s/4 


A patient with multiple nijeloma with pathologic fracture of the femur (No 3 Table 
II) and a large increase in globulin showed an jocreasc m biuret linltages in the globulin 
fraction following the fracture Three months later, a large decrease in bmret reactivity in 
the globulin occurred Quahtatneh and quantitatively the albumin remained fairly constant 
throughout the period of inie<’tigatioa. It is interesting to note that a quantitative globulm 
increase was accompanied by an increase in biuret reactivaty in this case ond a fall of total 
globulm to normal level was accompanied by a decrease m biuret reactmty 

No 4 (Table II) illustrates in biliary cirrhosis the constano with which a- large los^ 
of biuret reactivity occurred in the globulm fraction over a period of several weeks with 
httie change m albumin- Admmistration of bile salts for twenty days had no apparent effect 
on the protein<i 

Simultaneous biuret and Kyeldahl determinations were earned out before seteral plasma 
transfusions in a patient preaentmg the symptoms of a nephrotic syndrome (No 5, Table 11) 
Although the control for biuret linkages of albumin and globubn serum fractions before the 
first transfusion was within normal limits tlie biuret linkages of the albumin decreased and 
those of the globulm increased twenty three to thirty hours follouing transfusion The net 
change as shoivn in total protein biuret reactivity was within normal limits m nearly every 
series of analysis Two weeks following the Hst transfusion the biuret linkages of both 
serum albumin and globulin fractious had returned to normal 

DISCUSSION 

Considerable endenee lias been piesented in the literature to show that 
quahtatne as well as quantitative changes occur in sciuni pioteins in various 
diseases Analysis of the data piesented in Tabic I has shown that verj signifi 
cant changes oecui in the lelatiouship between biuict linkages and total nitrogen 
of serum globulin during liver disease A difference in the distiibution of 
serum globulin fiaetions in noimal and cirihotic individuals has been shovvTi by 
electrophoretic and immunologic means Theze is much evidence that fibnno 
gen production is wholly dependent upon liver function Tlie lole of the liver 
in the production of albumin and globulin is not as well established There is 
however clmital and experimental evudenee that the organ is involved in the 
processes of albumin and globulm foimatiou especially the foimei Wliipplc 
and CO workers^® noted a lag in the regeneration of serum pioteins of Eck 
fistula dogs following acute plasma depletion Hepatectomy experiments in 
vanous animals have added little significant evidence lelating to the origin and 
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mode of foiniatioii of plasma albumin and globulin since such a diastic pio 
cediue gives use to piofound systemic and eiiculatoiy distuibances Hj^po- 
pioteinemic dogs^ exhibited a decreased deamination ui inipaiied livers 

A relative loss of biuiet linkages of seium globulin togethei with a coii- 
cuiient gam of biuiet linkages of albumin in toxic thyioid disease may indicate 
that the th;yioid has some influence on formation, loss, or exchange of bmiet 
linkages in seium proteins Since no significant inciease in biuiet Imkages of 
seium albumin occuiied in livei disease, these alteiations of seium albiimm m 
thyioid disease cannot be explained as a lesidt of secondaiy livei disease 

The tendency foi oveipioduction of biuiet Imkages of both albumin and 
globulin in some anemias studied (Table I) may indicate a distuibance of a 
pait of the normal function of blood cells in the foiraation of seium proteins 
Hypeipiotememia obseived m myeloid leueemia may indicate that seium glob- 
ulin has its oiigm in hone maiiow'® Since plasma piotems aie within iroimal 
limits m aplastic anemia, more evidence is necessary to establish the piopei 
function of mairow cells in piotem format ion However , the globulin albumin 
latios foi aplastic anemia aie above noimaP" In No 1 (Table II), duiuig 
sielde cell aneima, an enoimous oveipioduction of biuiet Imlcages equal to 1 
giam pel cent piotem N m the globulin fiaetion occuried In multiple myeloma, 
No 3 (Table II), a laige inciease in biuiet linkages in the seium globulm oc- 
cuiied in the eaily acute stage of the disease when theie was piobahly an ovei 
stimulation of the led maiiow Two to tliiee months later, a decrease of biuiet 
linkages in seium globulm was obseiied Tins piobaly was caused by the im 
paired aetivit> of either the led maiiow oi livei The production of a seium 
piotem gieatlj' altered m iioinial stiiietuie may be an mipoitant factor ui the 
oiigm of the abuoinial Bence Jones piotem of multiple myeloma Loss of 
biuiet Imkages of the globulm fiaction in blood seium during chiomc febiile 
disease similai to that obseived m livei disease probably results fiom secondaiy 
livei damage caused by a fevei of long daiation Pi om a study"" of the electio- 
phoietic patterns of a senes of noimal and pathologic human sera, it was form 
that the seium a-globulm albunim latios were high in febrile patients, the 
average lalue being ovei twice the noimal This was paiticiilaily marked m 
pueumoma -- Polaiogiaphic study-" of blood seia m experimental pneu- 
monia (Type 1) m dogs has shown a decrease m wave heights m the denatiua- 
tioii cuiies which represented some change m seium (peptone fraction), pro 
ably a deciease m piotem sulthjdial and disulfide gioups, le a decrease m 
cjstiue 111 peptide linkage In acute infections, a piotem has been found in tic 
albumin fraction winch ga\e a flocculation reaction with C poljsacehaii e o 
pneiuiiococeus Electiophoiesis has shoivn a deci easing albumin and 
mg globulm m tubeiculosis with the appearance of a new X component 

The leiei'sal of biuiet and total nitiogeii ratio m semni piotem (Table II) 
o\ei a comparatively short peiiod of time m some diseases may indicate some 
relationship between albunim and globulin as to then mtei dependence, coninio 
origin, and mode of formation It will be noted fiom the diagianunatic 
sentation (Fig 1) of the simultaneous gam and loss of biuiet linkages m seiu 
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albumin and globulin of Nos 1 2 and 3 presented in Table II that theie is a 
definite relationship between albumin and globulin as to then lelative gain or 
loss of bjuiet linkages In No 2, especially, it is apparent that a gam or loss 
of biuret linkages in albunnn is matched by an equal change m the opposite 
direction in the globului In all three cases an approach to normal in biuret 



Vietn 

Fig 1 — Diagrammatic representation of imuUaneous pain and losa (grams par cent N) of 
biuret linkages in serum albumin and globulia (data from Table It) 

linkages in both albumin and globulm occurs at the same time In studies of 
protein metabolism by tlio isotope method synthesis and degradation were 
found to be a balanced bioehemieal process which requncs no distinction between 
exogenous and endogenous ceUulai metabolism Labile protein reserves have 
been demonstrated** and may pass readily fiom cell to plasma and plasma to 
ccU*'* A depletion of these reserves loweied resistance to infection’” and in 
cieased susceptibility to livei injury” These reserve protein stores have 
not been identified chemicaUj ” The mteichange of biuret linkages between 
albumin and globulin indicates the possibility of a normal exchange of biuret N 
between albumin and globulin, and/oi they haie a common origin in a labile 
protein resene 

In most of the diseases studied it appears that the biuiet linkages of the 
globulin are mole labile and undergo wider variations than those of albumin 
lav or t) phoid, and tin roid diseases show a significant loss of binret linkages 
in seinm globulin In these diseases the biuret exchange of a precursor type of 
slbumiu with globulin niaj be oirested Tins also may be lelated to the greater 
molecular size ot the globulin molecule 

It IS interesting to note the changes m biuret hnkages of setum proteins 
in a case of nephrotic sjiidrome (23 to 32 Gni protein loss per twenty four 
houi-s) (Table II) twentj thice to thirty bom's after a transfusion of 300 to 
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450 ml of plasma Total biuiet linkages lemam little changed -while equally 
laige losses in the albumin and gain in the globidin biuiet Imkages occui ovei 
a peiiod of about foui weeks A i espouse of this land would ceitainly mdicate 
a lack of noimal utilization of the tiansfused pioteins This patient exhibited 
biuiet linkages within noimal limits in both albumin and globulin befoie and 
seveial days aftei the last tiansfusion The gaining of biuiet linkages m glob 
ulin at the expense of albumin may be an indication that albumin acts as an 
intei medial y labile piotein oi that the mechanism foi the foimation of albumin 
IS lepiessed as might be expected wheie the A/G latio is extiemely low It is 
also inteiestmg to note that the A/G latios by bmiet deteimination lemaiiied 
abnoimally low and unchanged aftei tiansfusion, ivhile by Kjeldahl deteiinina 
tion the A/G latios weie noimal in foiii mstances 

The possible diagnostic value of the deteimination of the latio of biuiet N 
to Kjeldahl N in seium pioteins is obvious, since changes m latio of biuiet N 
to total N of seium pioteins in vaiious diseases show definite patterns and in 
some diseases Kjeldahl deteinunations indicate noimal seium pioteins when 
then biuiet linkages aie abnoimal 

Lack of agieement between deteimmations by the Kjeldahl and bmiet 
methods maj' lesiilt fiom (1) a change ui nitiogen concentration, (2) a change 
in numbei or leactivity of biuiet linkages, (3) a change in lesponse to salting 
out -with sodium sulfate, oi (4) a combination ot (1), (2), and (3) These 
changes may be lelated to alteiations in numbei, kind, oi stiuctuial aiiaiige 
ment of ammo acids in the piotein molecule, oi alteied content of sugais, Iipids, 
etc , foiming pait of the pioteui molecule Of the thiee possibilities, (1) seems 
moie likelj to be the cause of the lack of agieement of the two analjtic methods 
since the bmiet linkages aie so numeious and fundamental m piotein stiuctuie 
that iiiptuie 01 leplacement of these bonds by othei tjpes would piobably le 
suit in gieatei physical changes in plasma oi seium pioteins than those obseived 
in the conditions studied Howevei, both (1) and (2) may be siinultaiieoush 
opeiative oi each may piedominate undei ceitain conditions Peteis and Van 
Slyke'’^ mention the alteied chiomogenic powei of seium pioteins in disease, 
in lefeience to the use of tjiosine as a standaid in the Gieenbeig^^ seium pio 
tein method The possibility that polypeptides, amino acids, oi othei bmiet 
leaeting compounds weie causing the difteiences obseived was insestigated m 
seseial cases y heie unusual difteiences between the biuiet and Kjeldald met lo s 
ueie noted The concentiation of these compounds was nevei high enougli m 
the plasma oi seium to base anc appieeiable effect on the biuiet leaetioii 

Incomplete digestion of some amino acids of pioteins have been lepoite , 
but eiiois of this kind could not have occuiied, since gieat eaie vas exeicise 
in all ot oui Kjeldahl deteimmations The Kjeldahl digestion technique usee 
in this imestigation agieed yell yith the method lecommended in an exhaustne 
expeiimental suisec of Kjeldahl methods^' Oui Kjeldahl-biuiet analjscs aic 
not in agieement yith a repoit^* of significant difteiences of protein deteimina 
tions on noimal human seium made bv the Kjeldahl and Kingslej biuiet me ^i^ 
ods Howecei, analjses foi onlj foiu noimal seiums and one eiiihotic seru 
yeie leported 



BIURET \ND KJELDIHL DETERMI^ATION OF SERUSI PROTEINS 


1191 


SUMil \K\ 

1 In vaiious diseases, diiFeiences were observed m seium albumin and 
globuhn determinations bj the bmiet and total N methods In Laennee's 
curhosis, Banti^s syndioiue biliary eirrliosis, hepatomegaly due to other 
causes, thj roto:vicosis, and tjplioid fe\er, the piincipal change is loss of biuret 
linkages by the globulin 

2 In certain anemias an increase of biuret linkages in both albumin and 
globulin IS the rule, although a rapid recipiocal change of biuiet reactivitj can 
take place m the protein fiactions m some instances 

3 In general it may be said that pnmao hepatic disease oi secondarj In ei 
damage lesuitmg from impairment ui cucuJation, malnutution, feveis of long 
duration, severe infections, or tissue damage will cause changes in the noimal 
relationsliip between total N and biuret leactiviti of the seimm proteins 

4 Theoretical implications denied fiom experimental clmical data as to 
the chemistry of ceitain phases of semm piotcin foimation or degeneiation as 
well as tlie actual chemical change lesponsible foi abnormal biuret N and total 
N ratios ha\e been presented 
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HBBEBDEN’S NODES THE BELATIONSHIP OP THE MENOPAUSE 
TO DEGENEEATIVB JOINT DISEASE OP THE PINOEES 


EobbrtM Steoher MD, Edmund E Be vbd, M D , and A H Hersh, Ph D 
Cu3VEt,\ND, Ohio 

H EBERDEN’S nodes aie enlai gementt, of the terminal inteiphalangenl 
joints of the fiiigci'S due to degcncritue joint disease Individual fingers 
are at times affected, especially in men, as a result of direct injury which 
pioduees a tiue tiauinatie aithiitis The defoimities affecting multiple fingers 
on both hands, howeiei aiise spontaneously without history of injury The 
present study is confined to the latter type which is called idiopathic Hoher 
den's nodes Age is peihaps the most impoitant single faetoi determimng 
the appearance of this condition ' Heredity is also important, as is shoivn by 
lertical invohement in families in sueeecduig geneiatioiis md horizontal in 
volvement m siblings * AVomeu are affected much more commonly than men 
and, since Heberden’s nodes are laie befoie the age of 50, their occurrence 
IS thought to be lehted to the climacterie The piesent study was made to 
test this supposition and to consider the mechanism bj which the change of 
life influences the development of this defoimity 

CUMCAL On»ER\ \TIONS 

Obseivations weio made on ninety nine women with idiopathic Hebei den’s 
nodes who had passed the menopause and who ga\e a reliable histoiy of the 
time of ocouireuee of the menopause and appearance of the nodes (Table I) 
The age of these women at the time of the onset of Heherden’s nodes langed 
from 33 to 65 jears The median age was 418 years the aveiage age was 
488 ± 680 yeai’s The age distribution at the time of onset of Heberden’s 
nodes is shown lu Pig 1 

The age at the time of the menopause m this senes of ninety nine avomen 
ranged between 28 yeais as the lesult of a pehue operation and 56 years 
The median age was 49 7 yeare the average age av is 48 6 ± 5 25 years The 
age distnbution is shoavn in Pig 2 

The history of the menopause in these nmeta nme avomen aa ith Heberden ’s 
nodes avas compaied avitli that of a contiol senes of mnetj si\ avomen (Pig 3) 
The contiol senes had been assembled and obseraed in a preaious study nndei 
the same conditions and at the same time as the Hebei den’s nodes senes The 
control senes included the sisters of foitj thiee aaomen chosen fioai the wards 
of Citj Hospital bimplj because thej did not have Heberden s nodes, a eollec 
tion of families ohsera ed in connection aiuth the studies on hei edity of Hebei 
den’s nodes In the control senes the age at avhieh the menopause occurred 
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Tvble I Time Eeiationship Between Hebeeden ’s Nodes and Menopause, Ninety Eim. 

Gvses 


CASE 

P VTIEVT 

AGE AT ONSET OP 
HEBERDEISr'S 
NODES 

AGE AT ON SET 

OP 

MENOPAUSE 

IMEEVAD 

(YE)^ 

1 

Co 

33 

38 

+ 5 

2 

B1 

33 

53 

+20 

3 

Ba 

35 

39 

+ 4 

4 

Ba 

37 

46 

+ 9 

5 

Je 

38 

28 

-10 

6 

Go 

39 

39 

0 

7 

Ac 

39 

50 

+11 

8 

St 

40 

46 

+ 6 

9 

Br 

40 

49 

+ 9 

10 

Ba 

41 

40 

- 1 

11 

He 

41 

41 

0 

12 

Ba 

41 

43 

+ 2 

13 

Fr 

42 

43 

+ 1 

14 

Cr 

42 

42 

0 

13 

Cli 

42 

40 

_ 2 

16 

Po 

42 

46 

+ 4 

17 

Ji 

42 

48 

+ 6 

IS 

Ku 

42 

50 

+ 8 

19 

Pa 

43 

43 

0 

20 

Jo 
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CASE 1 
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The Interval Is fflven a plus sign (t) when the ago at time of onset of the menopause was 
greater than the age at the onset of Heberden s nodes and a minus sign (-) when the reverse 
was the case 


ranged fiom 35 to 59 jeais The median age was 49 1 yeais, the aveiage age 
lias 48 9 ± 4 90 years The age distribution in the coiitiol series of women is 
shown in Pig 3 Thus it is seen that the histoiy of the menopause in mnety 
nine women with Hebeiden's nodes paralleled closelj tint of ninety six women 
nho were used as contiols The histoiy of the menopause m this group of 
ninety nine iiomen inth Hebei den s nodes iias not considered to be remark 
able 

The time 1 elatiouship betw eeii the nienopmse and the onset of Hebei den ’s 
nodes in each iiidiiidual woman is shonn in Tig 4 The menopause preceded 
the onset of Hebei den s nodes m foity foiu instances and followed it in forty 
file Both eieiits oceuried in the same year in ten instances The aierage 
difference in time hetiieen these tivo eients legudless of which event oc 
enued first ins 49 + 404 yeara If the time interval between these eients 
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Fi& 1 — Age at the onset of Heberdens nodes in the ninety-nine -nonien studied 
Pig 2 — ^Age at the onset of tlie menopause in the ninety-nine women with He er 

nodes 

Fig 3 — Age at onset of the menopause in ninety-six. women of tlie control senes 


FIGURE 4 - 



1 •nrid thS onset 

Fig 4 — Time relationship between the age at onset of Heberden’s ”°i®lgrden3 nod^ 
of the menopause m individual cases Zero represents tlie age at onset or kcu .jyj,|ch tlie 
Figures to the left of zero indicate the years before onset of Heberdens nooes jjeberdens 
menopause occurred Figures to the right of zero indicate the years after onsev. 
nodes at which the menopause occurred 
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was compnted always in the same dncction, applying a positive sign to the 
number of years difterence when the menopause folloned the onset of Heber 
den’s nodes and a iiegatiie sign when the menopause pieceded the onset of 
Hebeiden’s nodes the aieiagc difference was -0 72 + 633 years The aierage 
diffeience piactically disappeared and the two events seemed to be closely 
correlated in point of time There was, however, a long tune interval between 
these ev ents in individual oases the menopause oecurriiig fi oin twenty years 
aftei the onset of Heberden’s nodes to fifteen years before This is indicated 
by the laige value foi the staiidaid deviation 

Despite the wide dispersion, dose association of the menopause with the 
onset of Hebeiden’s nodes was observed in ninny eases In ten instances both 
events occmied in the same yeai In foityfour instances, oi neaily half of 
the series, they occurred within three years of each othei The time relation 
ship of these two events, independent of the age at which they occuried, was 
then studied As has been shomi aheady the average age of onset of Heber 
den’s nodes in these nuiety nine women was 488 + 68 and the aveiage age 
for the menopause was 48 6 + 5 2 "When the gioup was divided into two equal 
paits on the basis of age it was found that those women whose Hebeiden’s 
nodes occurred early had an earhei onset of the menopause than those in 
whom the onset of the nodes was late The aveiage age of the menopause 
was 46 2 years m the fifty women having the earliest onset of Heberden’s nodes 
at 33 to 49 years The aveiage age of the menopause was 50 5 years m the 
forty nine women having latci onset of Heherden’s nodes at 50 to 65 years 
The degree of eoi relation between ages of onset and the menopause was 
calculated from grouped data by the usual product moment method for the 
deteimmation of the coefficient of correlation (r) The value of r with its 
standard erior is +0 46 + 0 08 By using the test lecommended by Peail “ this 
coefficient of coirelation can be regarded as nising by cbaiiee fiom an un 
con elated population about once in a miUion times The result leaves no 
doubt that the data show a highly significant statistical association between 
the ages of onset of Heberden 's nodes and the menopause 

AVblle a correlation coefficient of +0 46 is descriptive of the statistical 
association between the ages of onset of Heberden ’s nodes and the menopause 
it gives no reliable indication of the causal factors involved On the basis of 
certain assumptions, it is possible speculatively to draw a further conclusion 
by analogy with the interpretation of bettei known cases It happens that 
the coefficient of correlation between stature of father and son is +0 46 As 
suining that the number of elements causing the variability is the same in both 
instances and that they aic normally distributed the conclusion is drawn that 
about 46 pel cent of the genes deterimiuiig stntui e are common to pal ent and 
offspring of the same sc\ It seems fair to make similar assumptions m the 
piescnt instance The data aie consistent with this assumption although they 
do not prove it A number of factors obviously are involved m causing the 
variability in ages of onset of Hebei den s nodes and of the menopause The 
average age and the median age are about the same for both vaiiables, in 
dioating an appi ovimately noimal distribution for the causal factors involved 
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Conseqiieutly, if the assumptions aie 3 ustifiable, the conclusion is drawn that, 
on the avfeiage, -16 pei cent of the total set of factois detei mining age of on 
set aie common to Hebei den’s nodes and the menopause 


LITERATURE 


Many observers have noted a close relationship between tlie menopause and Heberden’s 
nodes Heberden-i himself made no mention of the menopause in his verj short description 
of "digitorum nodi” and neither did Charcots Hav garth, o about the beginning of the 
nmeteenth century, stated that nodosities of the joints are almost peculiar to women and 
generally begin about the period when the menses uaturallj cease Duckworth,’’ who thought 
Heberden’s nodes were related to gout, said, “ these maj arise from the second to the 
fifth decade, are almost common perhaps as a gouty manifestation in women about or after 
the menopause ” Monroes stated that women display Heberden’s nodes first about the meno 
pansal period Aschner® said lie had seen Heberden’s nodes often combined with the usual 
form of polyarthritis of the menopause Cecil and Archerio noted Heberden’s nodes in 74 
per cent of the women in their series with menopausal arthritis The Fnmer on Fheiimattm^^ 
stated that Heberden’s nodes often develop at the time of the menopause 

Besides the foregoing casual comments concerning the association of Heberden's nodes 
wnth the menopause, several students have presented statistical data to support the idea that 
the development of Heberden’s nodes is related to ovarian dysfunction Of forty seven women 
studied by Pineles,i 2 thirty one noted the appearance of Heberden ’s nodes wittun a year of 
the last menstrual period Four other women observed that their nodes occurred after the 
last menstrual period but while they were still having climacteric symptoms such as dizziness, 
nervousness, palpitation, hot flushes, ind fleeting p iius in various parts of the body Four 
women under 45, though still menstruating regularly were having tyTiieal symptoms of the 
chmactenc when their nodes began Five women under the age of 40 stated that their nodes 
began shortly after pelvic operations which had resulted in cessation of the menses and meno 
pausal symptoms Only three of the forty seven women dei eloped Heberden's nodes mde 
pendent of the menopause or menstrual dy sfunetion Von Noordenao described Heberden s 
nodes and other manifestations of degenerative joint disease in women under 30 In all suci 
instances he had noted abnormalities of the sexual phenomena such as amenorrhea, sterility, 
or atrophic genitalia Albright and co workersH described a 37 year old womau wath ovarian 


agenesis who had well developed Heberden’s nodes 

The clinical data seem to indicate a strong correlation between the climacteric and e 
development of Heberden’s nodes Since these deformities represent a particular manifei a 
tion of degenerative joint disease, it seemed pertinent to search the literature for evi en 
of correlation between the climacteric and this much broader and more general d =ease en y 
The menopause is thought by some authors to cause or influence the onset of rheuuia o 
arthritis, by others to favor the deielopment of osteoarthritis, while a third group heie 
its influence is limited to the production of artliralgia is Hall,io studying seventy one won|“’ 
who had been ovariectomized, found most of them suffering from symptoms of art n ^ 
ginning a few weeks after operation and often suggesting true rheumatoid arthritis ’8 
of his patients had symptoms of either true rheumatoid arthritis or osteoarthritis He m g 
fifty three of his patients had only arthralgia because no true joint disease develope ^ ^ 
The concept of arthropathia ovaripriva was discussed by Menge ’r He o 
senes of women having joint disturbances arising soon after inactivation of the 
radiation Complaints most often concerned the knees but frequently included ^ 
and occasionally the fingers Involvement was most often bilateral Crepitus on jom 
was frequently noted Pain in some patients was slight but occasionally was severe 
to interfere wath function Menge was definitely of the opinion that the syndrome w 


to ovarian failure, the same as occurred in spontaneous menopause 

Arthritis of the menopause was described by Cecil and Archerio os a 
arthritis of obese middle aged women occurring at or just after the menopause an 
terized by persistent stiffness and pain in the joints affected ” Slight crepitation 



heberden's nodes 


1199 


knees ^^a3 noted but limitation of motion ot objective 8if,ns of joint disea e were rare 
Pisheris stated, “Disordered endocrine function plajs an important part m many of the 
more chronic forms of arthritis occurrmi, after the meridian of life The type of arthritis 
tJiat immediatelj springs to mind is the clironic osteoarthritis often seen in the knees of women, 
the onset of which corresponds with the menopause ' The Primer on SheumaUim^i stated 
that the menopause seems to bo an exciting cause of hypertrophic arthritis Joneses thought 
that osteoarthritis of the knees was most commonly met with in women at the menopause 
Thomson, and Gordouzo thought climacteric arthritis was essentially the same as clironic syuovi 
tis which may eventually develop into typical osteoarthritis Fox and Van Breemcn i recognized 
menopausal arthritis ns a generally accepted cbnical entity Radiographs show no change 
m bone and cartilage during the incipient stage which may be very long Later the appear 
ance resembles that of osteoarthritis Stembrocker 2 states that so called menopausal arthritis 
consists merely of arthralgia associated with vasospastic symptoms of ovarian hormonal de 
ficiency and that the symptoms are not of articular origin Rheumatic pam vvas found to 
occur as a symptom of the climacteric in 24 per cent of 1,197 women by the British Sub 
committee of the Council of the Medical AVonien 3 Federation 2 s 

DISCUSSION 

Tlie natuie of the phenomena consideied in this study is such that exact 
data aie not always obtainable Ihc de^eIopment of Heberden’s nodes is a 
slow process and its beginning cannot be identified with ceitainty The degree 
of development necessaiy foi lecognition depends upon the discernment of the 
patient as influenced by hei temperament her degiee of intiospection and her 
experience in having seen the defoimity m her mothei sjstei, or intimate 
friends Identification of the date of onset always seems moie definite and 
apparently moie exact the moie lecent it his been It is almost equally con 
vnicing to heai that in one instance both e\ents occuiied about twenty yeaw 
previously the fingei-s not enlaigmg until one yen after the last menstrual 
period An uiiceitainty is suggested by a statement that the last menstiuil 
peiiod was six yeai's pie\iously ind that the fingeis began to enlaige about 
twenty yeais ago To discard such data, because they seem inexact intro 
duces a diffeient and moie significant eiroi in the study by eliminating those 
cases in which onset and menopause weie not closely associated in point of 
time The meie fact that onset and menopause weie sepaiated by many yeais 
and that both events weie 1 emote casts doubt only upon the exact time le 
latioiiship of the two events and not on the fundamental fact that their oc 
cuiience was separated by a wide lapse of time In several instances patients 
were obseived peisonally foi yeais while these events weie occuiring In 
Case 7 the patient continued to menstiuate for six yeais after finger enlaige 
meiit had fii'st been noted Her mother Case 96 w as seen before her fingei^s 
enlarged A senes of photogiaphs of hei hand made for anothei puipose 
showed the onset of nodes at about 62 yeais of age although her menopause 
oecuried at 48 yeais Cases vvcie excluded only when the patients vs ere defi 
nitely unceitain of the dates of the events uiidei discussion 

Although the date of the last menstiual peiiod was aseeit lined with 
reasonable certainty the date of the onset 01 the duiation of the Llimactenc 
was not easily identified Removal of the uteius may stop menses without 111 
terfenng with ovaiiaii function In Case 5 the utenis was removed when the 
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THE STATE OP COMPONENT A (PROTHROMBIN) IN HUJIAN 
BLOOD, EVIDENCE THAT IT IS PARTLY FREE AND 
PARTLY IN INACTIVE OB PRECURSOR FORM 

Armand J Quick M D , Ph D , avb JLirio Stepanini,* M D 
Milwaukee IVis 

T he simple concept expressed m the classical theory of Moiawitz and of Fuld 
and Spiro that prothiombm is convcited by thromboplastin (tlirombokinase) 
and ionized calcium to thrombin has become untenable because of a series of 
recent findings In 1943 Quick,' and the following jear Owien,' discoiered a 
new factor which is essential for the foimation of thrombm Recently manj 
other investigators have contributed data to eonfiiin and support these original 
observations, but as is to be expected m the development of a new subject 
numerous conflicting interpretations have been offeicd. No successful attempt 
has been made to correlate the pertinent contributions, particularly of Munro 
and Munro,® * ' Pantl and Nance » ’ « “ gecgers, Ware and a'lsoeiates and 
Alexander and oo workers ‘ Recentlj we have obtamed experimental 
findings which appear to bridge the eonfiictuig and seemmglj hostile views on 
prothrombin conversion currently expressed 

In the study made in 1943 ’ it was observed that when stoied oxalated human 
plasma was mixed with an equal volume of dog plasma in winch prothrombin 
had been reduced by Dicumarol or adsorbed vnth aluminum hydroxide the re 
suiting mixture had a piothrombin time of 9 to 10 seconds, which was shortci 
than that of fresh plasma Three veais later, ® it was found that human citrated 
plasma (1 vol of 0 HI sodium citrate to 9 vol of blood) often showed a i eduction 
of the normal prothrombin time of 12 seconds to as low as 9 seconds after 
tvv enty four hours of storage No evplanation for these findings could be offered 
until 1948®® when it was recognized that two changes were concurientlj taking 
place in stored plasma namelj a dcciease in the labile factoi and an increase m 
some other factor which augmented piothrombin activity Due particularly 
to the development of an assay method for component A, ‘ and also to the dis 
covery of the effect of silicone coated contamers on prothrombin activitj dunng 
storage, it has been possible to obtain data which offei not oiilj an explanation 
for the increased prothrombm activity of aged plasma but also a new concept 
concerning the state of prothrombm in blood 

Since the tenuinologj of the prothrombm factors has become incieasingly 
more complex, it is essential that the principal terms emploved m this studj 
be defined The labile factor is a constituent of both plasma and serum It 
loses Its activity when heated to 58“ C and is diminished in stored plasma be 
cause of oxidation Removal of ionized calcium increases the speed of inactiva 
tion Little if any of the labile faetoi is adsorbed bj the amount of tricalcium 

From tlie Department of Blochcmistrj Marquette UnI\ersJt> School of Aledlclne 
This Tvork waa supportel by a grant from the UnUeJ States Public Health Service 
Itecel\ed for publication June ‘*■1 1019 
Senior Kesearch Fellow National Institute of Health 
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phosphate which completely lenioves component A It is not i educed eithei iii 
Diciimaiol poisoning oi in vitamin K deficiency Rabbit blood contains ap 
pioximately fifty times as miieh labile factoi as human plasma 

Component A of piothiombin piobably coiiesponds to the classical pio 
thiombin It is inactivated at 58° C , but does not diminish during stoiage 
It IS completely adsoibed by tiiealeium phosphate and can be quantitatively 
lecoveied by elution with sodium citiate Component A is diminished m Di- 
cumaiol poisoning and in avitanunosis K Evidence has been piesented to show 
that this component combines with the citiate ion, theieby losing activity and 
becoming no longei adsoibable by tiiealcmm phosphate 


METHODS AND JIATERLUi 

The reagents and procedures employed were essentially the same as those described m 
a recent paper nr Silicone coated glassware was prepared by means of Dn Film 9987 (General 
Electric), using the technique described by Jaques and associates 20 For lugli speed cea 
tnfugation, an angle centrifuge which had a maximum revolutions per minute of iflOO was 
employed For slow speed the revolutions per minute were 800 to 1,000 in an ordmary cen 
trifuge 

The method of isolating component A by adsorption with tricalcium phosphate and 
elution with sodium citrate, which we recently described , 21 concentrates the active factor ten 
times In its assay, therefore, 1 vol was diluted with 9 vol of calcium pliospliate treated 
plasma Kabbit plasma was used because it has an exceedinglj high concentration of labile 
factor The concentrate of component A is called eluate in this paper 


RESULTS 

The Effect of Vaujing the Concenttation of the Labile Factoi on the Pio 
thiombin Tune When Component A is Kept Constant — In. a lecent papei ^ it 
was shown that component A can be completely lemovecl fiom ovalated plasma 
by an amount of tiicalcium phosphate which takes out no detectable quantity 
of the labile factoi It was fuithei shown that component A can be ahnost 
quantitatively lecoveied by elution with sodium citiate, and that this eluate 
when added to calcium phosphate plasma lestoies piothiombin activity pio- 
vided sufficient labile factoi is piesent Since rabbit plasma contains fifty 
times and dog plasma ten times moie labile factoi than fiesh noimal human 
plasma and stoied human plasma contains only a veiy small amount, tieatmeut 
of these plasmas with tiicalcium phosphate wdl jueld testing media contanuiio 
a unde lange of coneentiations of the labile factoi Such a senes of depio 
thrombinized plasmas weie employed to test the eluates fiom dog and human 
plasma In the evpeiiment, lecoided m Fig 1, 1 vol of eluate was mived vut i 
9 vol of depiothiombinized plasma It wdl be obseiwed that when 
factoi was low the piothiombin time was piolonged, and as the labile 
was incieased, the piothiombui time decieased and leaclied a fixed 
value Dog eluate which contains a highei concentiation ot component ^ 1 ^^ 
quiied moie labile factoi to attain a fixed mminial piothiombin time 
labde factoi weie acting catalytically, its activity should continue as 1 s co 
centiation iiiei eases 

These lesults theiefoie suggest that the leaction of the labile 
component A IS stoecliiometiic We have fuithei fomid (unpublished a a 
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when plasma deficient m labile faetoi clots, veiy little component A is con 
sinned even when tlii-omboplastm is in excess and the ealcmm coneentiation is 
optimal, but as the labile faotoi is piogressiiclj mcieasod, the utilization of 
component A uses in piopoition Since these results suppoit the view that 
the reaction between tliiomboplastra, component A, and labile factor is stoechio 



Fifir 1 — Tho Influence of the concentration of the labile factor on the prothrombin time 
The concentration jpalffnatetl as 50 was obtained b> treating fresh oxalated rabbit plaema with 
trlcalclum phosphate 10 was dotr plasma »». a mixture of dog and stored human plasma and 
I fresh human plasma One volume of eluaie was mixed with 9 volumes of the plasma treated 
wUh trlcalclum phosphate 


inetnc, one should question the correctness of calling the latter an acceleratoi 
It is interesting to note that when 'Ware Guest, and Seegers" coireeted the two 
stage method bj adding an optminm amount of labile factoi, thej inei eased their 
jield of tbi-ombin over 50 pel cent It can be postulated that at least three 
agents uiteract to form thiombju and that this reaction follows the law of mass 
action The equation can bo expressed as follows 

A (component A) +LF (labile factor) + Tbp (thiomboplastm) 

+ Ca (bound) — T (thrombin) 
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At present theie is insufficient data to deteinnne wliethei all three agents 
interact simultaneously or whether two react to form a product which entei-s 
into a reaction with the thud to ±oim thrombin 

Evidence That Component A in Cit dilating Blood Exists Paitly Fiee oi 
Active and Partly in an Inactive State — As already stated, when oxalated 
human plasma is stored in glass its prothrombin activity is markedly increased 
Due to the fact that the labile factor is diminished on storage, tins augmentation 
in piotliiombin potency is masked and becomes demonstrable only by the ad- 
dition of the labile factor Interestingly, tins increase in prothrombin activity 
does not occur or is greatly delayed if the plasma is stored in a silicone coated 
container It should be mentioned that Alexander and associates-^ obseiied that 
when blood clotted in silicone apparatus, the piotliiombin activity of the seiiun 
was abnormally high, and the factor which they eaU serum piotliiombin con 
veision acceleiatoi was decreased 

The pertinent facts are brought out by the following experiment Blood 
was obtained from a normal subject A sihcone-coated syringe chilled in an lee 
bath was employed The blood was immediately oxalated, transferred to cold 
sihcone-coated tubes, and centrifuged Pait of the plasma was put in Pyie\ 
test tubes and the remainder in sihcone-coated tubes The amount of plasma in 
each tube was the same, and all were stored in an ordinary refiigeiatoi The 
results are summarized in Table I 


Table I The Effect of Twenty Four Hour Storage of Oxalated Human Plasma in 
Glass and Silicone Coated Containers on Component A or Prothrombin 
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12 
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26 
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8 

8% 
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15 
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Eluate 

of oxalated human plasma 


0 01 0 c 
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Prothrombin Time 








Fresh plasma eluate in sihcone 


12 sec 





Stored plasma eluate in sihcone 


12 sec 





Stored plasma eluate in glass 


7 sec 






’The eluate transferred to glass and stored for twentj 

four hours gave a 

value 

of 7 secoDas 


It is clear that the prothrombin time of the fresh plasma (12 seconds) was 
normal and that it was not increased by the addition of calciuni 
treated rabbit plasma which is rich in labile factor An eluate piepai® 
this plasma when added to rabbit calcium phosphate plasma yielded ^ 
thrombin time of 13 seconds, which approximated the expected result 
twenty -four hours, the plasma in sihcone-coated tubes lost labile factor, 
piotliiombin time increased to 17 seconds, but component A of 

since on adding rabbit calcium phosphate plasma a noimal piotluoni m 
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12 seconds was obtained T)ie eluate of tins plasma jnelded a prothrombin time 
of 12 seconds In marked contrast, the plasma stoied in glass, which had a pro 
thrombin time of 13 seconds, showed when mixed with rabbit calcium phosphate 
plasma, i e , with excess labile factor a prothrombin time of 8 seconds The 
eluate from this plasma jnelded a piotliiombin time of 7 seconds Sigmficantly, 
the eluate stored twenty foui hours m glass likewise showed the same increase 
in prothrombin aotivit} Usualli inaximmii increase in piotlirombin activitj of 
plasma stored in glass is attained in twenty four hours 

These results can best be explained by postulating that component A exists 
m a free form which is responsible foi the piothiombin time of fiesh plasma, 
and 111 an maetive state which becomes actuated bj stoiagc This activation 
leqmrcs a rough surface such as glass but ncithei ealeium nor thrombin are 
essential Prelinunarj studies indicate that this reaction is \ery likely also 
independent of platelets Eveutualh the actuation occure also in silicone 
coated containers No studies so fai liaie been made to deteimme in what fomi 
inactive component A occurs le whethei it is combined oi meielj existing as 
an inactive precursor Tiiealcium phosphate adsoibs both forms which accounts 
for the fact that the eluate on stoiage increases in potencj The natme of the 
activation remains undetermined 

The Concentration of Active and Inactive Component A m Hemophilic 
Blood — In. the development of the prothrombin consumption test,’ it w as fre 
quently observed that the prothrombin time of scrum was considerably shorter 
than the prothrombin time of plasma which m hemophilia as in healthy sub 
jeots IS 12 seconds The solution to this anomalous finding was obtained bj a 
simple experiment Blood was collected from a hemophilic subject whose Lee 
White coagulation time was 60 minutes The usual silicone technique was em 
ployed Part of the plasma was obtained by high centnfiigation the remamder 
by slow centnfugation The native plasma in aliquotes of 3 o c was transferred 
to glass and silicone coated test tubes The piothrombin times were detemuued 
at regular intervals 

It will be obseiwed from the results in Table II that the prothrombin time 
became piogiessivcly shorter dunng the course of an houi in the glass tubes 
but remamed unchanged in the silicone tubes At the end of forty five minutes, 
the prothixmihiu times of both the highly and slowly centrifuged plasmas were 
Wz seconds The eluate likewise whieli m the oiiginal plasma yoelded a pro 
thrombin time of 12 seconds dccieased in one hour to 7 seconds for the two 
plasmas kept in glass test tubes It is clear that heniophilio plasma contains a 
normal concentration of both free and inactive component A and that the ac 
tivation of the latter occurs promptly in glass The fact that the reaction occurs 
as fast in platelet poor as in platelet rich plasma makes it appeal that the plate 
lets play no direct pai t 

One of us (A JQ )’ has presented evideiice showing that the hemophilic 
defect is a lack of thromboplastinogen, as a result of w hieh the utilization of pro 
thrombin is extiemely small Since hemophilic blood contains a normal eon 
centration of both component A and the labile faeloi but only a trace of thiom 
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Tabi lu II The Co^cE'^TEAT^o^r oi Free and Total Com onent A in Hemophilic Blood, 
The AcTnATiNQ Effect op Glass Supface 


TIME ! 

(MIN) 

j PROTHROMBIN TIME OP NATIVE HEMOPHILIC PLASMA (SEC ) 

1 HIGHLA CENTRIPHCED j 

1 SLOWLA CENTRIFUGED 
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11 
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10 
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11 
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9 

11 

45 
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11 
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11 
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0 09 e c 



Eluate of liemophilic plasma 

0 01 c c 



Prothrombin Time 
Elunte of pHsraa 1 

Eluate of plasma 2 

Eluate of plasma 3 

Eluate of plasma 4 


Before incubation 
After 60 min 
Before incubation 
After 120 niin 
Before incubation 
After 60 min 
Befoie incubation 
After 120 nun 


11 sec 
7 sec 
11 sec 
11 sec 
11 sec 
7 sec 
11 sec 
7 sec 


•Coagulation began 


boplastm, noaib fill of Ibo piotiuombin complex lemams iincousvinied aftei 
coagulation Tlieietoie almost all ot component A lemaius even though hemo 
phihc blood clots, and in addition the inactive A becomes conveited to the fiee 
state with the lesult that total fiee oi active component A gieatly exceeds the 
amount initially piesent at the time the blood was diawn 

The Ef}ect of Remoumg Platelets on the Conveision of Inactive Component 
A — It was eaily obseived that the prothiombm consumption time in thionibo 
cytopenia was, as in hemophilia, actually shoitei than the piothionibin time 
of noinial plasma The pioblem could now be studied moie effectively Bloo 
was diaivn in a chilled silicone syiinge and tiansferied to sihcone-coated test 
tubes iinmeised m ice The tubes iveie centiifuged foi thiity minutes at I, 

1 p 111 in an angle centiifuge Thiee cubic centimeteis of the platelet-pooi 
plasma weie put in a sihcone-coated test tube and an equal amount in 
tube 


a glass 


It Mill be obseived fiom the lesults in Table III that the piotluonibm time 
111 the silicone tube leniamed unchanged dining one houi, wheieas it shoi en 
to seconds in less than twenty minutes in the glass tube An e ua^e 
piepaied immediately fiom the native plasma gave a piothiombiu time o 
seeoncls, and a similaz value was obtained fiom the plasma lemaming on 
houi in a siheone-eoated tube The eluate fiom the plasma m the g ass 
tube yielded a piothioinbm tune of 8 seconds ^ 

In seeking the leason toi these abnoimally shoit piothiombm times 
platelet-pooi plasma in a glass containei, the most satisfactoiy 
found m Quick’s theoiy that thiomboplastinogeii is actuated by a P 
enzjme Since the platelets ha\e been lemoved almost completelj, on } ii- 
of the acti\dtmg euzjnie is available and theiefoie only a minute amouu 
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Table IIL The Effect of Gr-vss \M) Silicone Surfaces ov the Ppothbombjn \ cmn '\ 

(ClUNOB IN CONCEVTRATIOV OF FREE COMPONENT A) OF PluVTELET POOfi ISOfiinL 

Native Human Plasma 


PEOTBROMBIV TIME OP NATIVE HUMVN 

PL.VS\rA 

TIME {MlN ) 

j GLASS (I) {SLC > 

j MLICONE (2) (SEC ) 

U 

1. 

12 

10 

10 

JlVj 

20 

S'/-' 

ili* 

30 


11^ 

CO 


nvj 

Eluate lested bv 

Mixing With 0 Parts of Babbit Ca (PO ), Plasma 

Pla'^ma 1 

Before incubation 

i- see 


After 20 nun 

3 sec 

Piasma 2 

Before Jiieubatioii 

12 PC 


After CO min 

12 sec 


Coagulation began at lo minutes 


thromboplastin is fomed As m hemophilia onlj a sm ill fiaction of the labile 
factor and component A is consumed in the reaction with thiomboplastin, and 
since additional fiee component A is deiucd fiom inactuc component A, the 
total amount of the iattei is moie than twice that of the oiioinal plasma 


Tabie XV Tub Effect op &liif\ce (Glass \nd Silicose) on tue Promnoim\ 
CONsuifpriON Time Uuen Tupombin* Is \bbED to Piateletioop 
Native Human Plasms 


TIME OF INCUBATION (MIV ) ' 

PROTHROMBIN 

CONStMlTlON TIMfcf 

IN GLASS (SEC ) 

} IN SILICONE (SEC > 

0 

12 

32 

IS 

S 

n 

30 

8 

31 

73 

8 

11 


•To 1 C.C of native plasma OOi cc of thrombin (Quicks full strength) was adjed 
tThe prothrombin consumption test time wa’? determined b> the procedure prevlouslj 
described 


In order to deteimine uiiethci thrombin is the sgent lesponsible foi the 
conversion of inactive component A to tlie active foim native platelet poor 
plasma was placed in silicone and in glass test tubes and thiombin added to 
both As seen fiom the results in Table XV theie is no indication tint thi*onibin 
caused an> actuation of ineit component A in silicone WJietlier it paiticipatcd 
in the reaction occurnng in glass is difficult to decide 

The Effect of Dicumarol on the Concentiation of Free and Inactuc Com 
2)onent — Onlj pieliminarv studies have been made The findiJi„s indicate 
that both free and the inactive component V are induced Fuitliei studies 
are in progress 

The Belative Ratios of Free to Inactuc Component A in Congenital IIijpo 
pTothronxhinemias — There are thjtc Known tvpes of congemtal In popiothrom 
binemia In one the labile factor is dimmislied while in the other two 

this agent is normal but component A is diminished In the first tv pe sc cording, 
to Owien*“ who has reported the onlv ease so fsi known m which the hbile 
factor (Pactoi Y) was appareiiUv diminished fiom biith the eonvcntioml 
prothrombin is quantitativelv normal 
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In types II and III of congenital liypopiothionibniemia the labile factoi 
IS noimal Both types show a piolonged piothiombin time by the one stage 
method, but curiously when 1 vol of type II is added to an equal volume of 
tjqie III, the resulting mistuie has a piothiombin time which is nearly that 
of noimal plasma 

To explain these lesults. Quick-® postulated that one type (II) lacked 
component A and that the second tjqpe (III) was deficient in a hypothetical 
component B, and that when the plasmas of the two types weie mixed in equal 
volumes they mutually collected each other With the new evidence obtained 
in this study that only a part of the total component A is present in the active 
state, a better inteipietation of these findings can be offered and means to 
differentiate tj^pes II and III can be formulated 

Fiom the results in Table V, the basic diffeienee between the two types of 
congenital hypopiothrombinemia becomes cleailj^ evident In type II theie is a 
definite lack of both fiee and total component A, whereas in type III, the free 
IS diminished but the total may be piacticaUy the same as that of noimal plasma 
When plasma of type II is mixed with type III, sufficient inactive component 
A of the latter plasma is eonveited to the active form to bring the piothiombin 
time nearly to normal 


Table V The Concentration op Free and Totai< Component A in the Two Ttpes op 
Congenital Htpopkothrombineixia in Whioii the Labile Factor Is Norhal 

Eibbit Caa(PO.), plasma ffO 001 OOJ 003 005 0 05 0 0b 0 07 0 08 uuy 

(c c ) 

Congenital liypoprothronibin 0 1 0 09 0 08 0 07 0 06 0 05 0 01 0 03 0 02 0 01 

enua plasma (c e ) - 

Prothrombm Time (Sec ) — 

Tjpe II, fresh plasma 20 23 23 26 33 W 

Type II, after 4 days of 37 17% 17 16 16% 16% 18% 21 28 4- 

storage in glass , 

Type lU, fresh plasma 16 15 14% 15 15 16 17% 18% --'% 

Type HI, after 5 days of 30 10 9 8 8 8% 814 0 



Prothrombm Time 


Eluate of fresh plasma, type II 17 sec 

Eluate of stored plasma, type II 16 sec 
Eluate of fresh plasma, type IH 13 sec 
Eluate of stored plasma, type HI 7 sec 


Apparently there is in plasma a regulating mechanism which determines 
the latio of fiee to total component A In noimal human plasma, the 
such that a piothiombin time of 12 seconds is obtained with the onesao® 
method When all of component A is eonveited to the fiee state as 
storage, the piothiombin time becomes 7 to S seconds Smulai 
tamed when type III plasma is stored in glass even though the prothiom m ^ 
of the flesh plasma may' be elevated significantly Clearly, in tins form o 
prothiombmemia, the concentiatiou of free component A is fixed at a 
lower than normal The fixation of the fiee prothiombm level appeals e 
to be established by heredity The affected membeis of the family w lo 
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lieen studied m our laboratory * ““ have a protliiombin time of 16 seconds 
A second family has recently been studied in uliicb the piothiombm time of the 
mother and her tuo childien is 11 seconds None of these subjects has a bleed 
ing tendency It is likely however that if the leiel of the free compoueiit A 
falls beloiv a critical level a hemoiiha^c diathesis vnll develop The patient 
studied by Hagen and Watson’* vary piobablj has a type III hypopiNithrombin 
enua, and she has a severe bleedmg condition * In rabbits and dogs neaily all 
of component A is in the free state, according to our preliminai'y studies 

DISCUSSION 

The findings repoited in tins paper promise to offer for the first time means 
to coi relate and liariiioiiize the significant contributions of Bordet,” Nolf 
and the more recent investigators It will be recalled that Bordet concluded 
that both ejtozyme (thromboplastin) and serozj-me (prothrombin) were mother 
substances of thrombui He behevcd that the platelets hbcrated cytozyme when 
the} came in contact with a rough surface He furtlier postulated that the soio 
?yme in circulating blood was lu an inactive state winch he named prosero 
7} me For its activation, calcium and a rough surface were required He con 
eluded tliat tncaleiiim phosphate completely removed serozyme and assumed 
that the resulting ‘phosphate plasma contained only one remaining clotting 
factor, namely fibrinogen Nolf” on the contrar}, postulated that serozyme 
contained two factors, thrombozynic adsoibahle by tncalcium phosphate and 
thrombogen which remained in the ‘phosphate plasma ” Nolf unfortunately 
failed to recognize the unportance of platelets and in his earlier work looked 
upon thrombin not as the cause of clotting but as a consequence of the reaction 

In agieement with Boidet, the present findings confinn the cNisteuce of a 
proseioz}nne but diffei m tliat not all but only a pait of the serozyme is in this 
inactive state The activation of prosciozymc ic, the conversion of inactive 
eomponent A, requires a rough surface like glass but appaieiitly is not depend 
ent upon calcium as Boidet assumed since the activation occuis m oxalated 
plasma Bordet was not awaie that phosphate plasma still contained a clotting 
factor other than fibrinogen Undoubtedly the thrombogen of Nolf is identical 
with the labile factor 

In the development of this subject the establishment of the concept that 
the interaction of thromboplastin with the prothrombin complev is stoechio 
metric was of basic importance Jlertz Seegers and Smith” showed that the 
amoiuit of thrombin obtained from a fixed amount of prothrombin lucieascd 
pioportionatcly to the quantity of thromboplastin added until the optimum 
was reached Later Quick” showed that calcium likewise acted stoecluometric 
ally in this reaction With the discoveiv of the labile factor and the finding 
that It shortened the prothrombin time a new period of confusion set in Quick 
postulated its action was stoecluometric whereas Owicii” claimed that it fune 
tioiicd in forming a pi othrombin converting enzyme Paiitl and Nanee’ who 
studied this factor concluded that it increased the speed of the conversion of 
prothrombin and they named it protlironihiii accelerator Iluiiro and Muiiro 

♦u * Paul S Hagen klndl> upplied us -svlth blood from this patient and It was found 

^nat she lacked both free and total prothrombin 
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believed that piothiombm on storage became partly inactivated by an alteiation 
of a labile group in the nioleeiile and could again be leactivated, but they ap- 
parently did not consider that the activating agent was the labile factor Seegeis 
and associates, who aie now inehned to agiee^® that the agent which they named 
Ac-globulin IS the same as the labile faetoi, assumed that it increased the con 
version rate of piothiombm Muiphy and Seegeis” attempted to explain the 
discrepancies in prothiombm values of different species obtained by the one- 
and two-stage methods on the variations of the concentration of Ac-globulm 
As already mentioned, we have piesented expeiimental tindmgs which show 
that incieasmg the concentration of labile factoi manifold did not decrease the 
piothiombm time-* Assuredly, the piothiombm time should be a sensitive test 
of the speed of conveision of piotluombiii In our studies, we learned that con- 
sistent lesults were obtainable only if silicone glassware was used Since Boi- 
det’s work had been forgotten, it was geneially assumed that a rough surface 
influenced only platelet disintegiation, ivitli the lesult that conversion of in- 
active component A to the active state which occur red was not recognized and 
was mismteipieted as a eouvei’sion of piothiombm to thiombm The serum 
piothiombm conversion aeceleiatoi of Alexander and co-woikeis-” is very prob- 
ably concerned with the activation of component A rather than with the con 


version of piothiombm to thiombm 

Many of the findings on Ac-globulin by Seegeis and his associates aie dif- 
ficult to inteipiet because much of then material was collected in slaughtei 
houses and generally in large containers Undei such conditions, coiisideiable 
changes could occui even befoie the blood was decalcified, especially snice 
sodium oxalate is lelatively slow m its action^* Fahey, Ware, and Seegeis 
obseiwed no difference m the influence of silicone and glass surfaces on the sta 
bilitv of Ac-globulin, which agrees with oiii observations They failed to note 
however that a glass surface has a basic influence in conveiting inactive com- 
ponent A to the active state, because the methods of study which they eniploj e 
did not distinguish between free and total piothiombm (component A) 

A rational explanation for the differences m prothrombin deteimniation 
bj^ the one- and two-stage methods can now be offered By the one-stage pro 
cediiie, the piothiombm activity of dog blood is almost five times as 
that of human blood, whereas by the two-stage method, the piothiombm of o^ 
blood IS only slightly higher than in human blood As already stated, the pio 
thiombm time of fresh human plasma is 12 seconds, but the time of store 
blood wnth the labile factoi restored may be 7 to 8 seconds The 
time of dog plasma is 6 seconds Since it can be assumed that in store 
all the component A becomes activated, one can see that the piothioni m 
tivity of dog plasma and of human plasma with all of its piothiombm activa^^^^ 
IS of the same order of magnitude In caiiynng out the two stage metio 
conditions are such that all of the piothroiiibin (component A) is come ^ 
to the active form Therefore the method measures only total 
The one-stage method, on the contiaiv^ measures only free oi active com 
A The fact that component A can be quantitatively adsorbed and e u 
then tested on a standardized depiothiombuiized medium makes it poss 
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clicck the results of the one stage method B-v this means it has been found that 
dog plasma contains o\er four times as much free component A as human 
plasma * 

The establishment that component A, or the classical prothrombin exists 
111 human blood both in the fiee and in the piecursor state cieates a new prob 
iem Ho« ami w hen does the mactii e prof hrombin become ai ailable in phj sio 
logic coagulation? From test tube expeimicnts it is clear that a rough surface 
IS required but it is still uncertain uhethcr such a surface is a\ ailable iiitia 
corporally It still lemaius to be determined i\ bethel the precursor component 
A functions diiectlj in coagulation or whether it senes as a supplj of free 
component A 

It 13 obvious that the terminologv now in general use is cumbersome and in 
some instances inaccurate We have adhered to the term labile factoi since it is 
desenptiie and noncommittal We see no justification for calling it an ae 
cclerator Eientuallj wlieii its action is better defined, a more suitable name 
riiaj he found In regaid to component A it appears fairli certain that it is or 
IS closely related to the classical prothiomhm the serozjnne of Bordet, and the 
fhrombozjTne of Nolf If component A be named prothrombin it becomes dif 
fioult to decide what its mactiie or precursor compound should be called One 
term which suggests itself is prothrombmogen Since such a term in recent 
enzfme chemistry implies that in its actuation cleat age occurs it seems ad 
visahle to postpone action until such time when the mechanism has been eluci 
dated For the piesent the neutral terms component A and pre A seem best 

siniM VB\ 

1 From studies based on the piothiombin time of plasma and from data 
obtained with the adsorption and elution of component A, it is concluded that 
the formation of thrombin requires component A the labile factor, thrombo 
plastm and combined calcium Tins reaction appeals to follow the law of mass 
action There is no evidence that any of the factors are accelerators 

2 In flesh human plasma component A (prothrombin) is piesent partlj 
free and paitlj in an inactive or precursor state wluch coriesponds to the pro 
seioryme of Bordet It lequires a rougli surface for its activation but there is 
no evidence that calcium thromboplastin oi thrombin are essential foi its con 
version to the active state In oxalated human plasma ncarlj all of compoaent 
A Li changed to the active form after tvventv four hours of storage if kept in 
contact w itli a rough surface such as glass 

3 In the coagulation of plasma in which there is a deficiencv of available 
thromboplastm due cither to a lack of tliromboplastiuogcn as in hemophilia or 
to removal of platelets, the conceiitiation of flee component A is niarkedlv in 
caused because little of the original active form is consumed and additional 
active component A is produced from the inactive precursor 

i Two tjpes of congeiutal hj poprotluombiiiemia are kuown in winch a 
defieieiicj of component A occurs In one tvpe a true deficiency of both free 
and total component A exists In the second type, which is the more common 
and IS licreditarj the concentration of total component A is normal hut the 
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amount of fiee oi active is below iioimal This suggests that a mechanism, still 
completely unlmowii, legulates the ratio of active to total component A 

5 The piesent woik confiiras the eaily conclusions of Boidet that seiozyme 
01 piothiombin may exist in an inactive oi piecuisoi state, but, unlike Boidet’s 
concept that all exists as pioseiozyme, tlie piesent findings show that a laige 
iiaction of the total component A is in an active foini It appeals piobable that 
m a numbei of lecent studies the activation of component A has been mism 
teipieted as an aeceleiation of the eonveision of piothrombin to thiombm 

6 Since the proceduie of the two-stage method foi determining prothiombin 
IS such that all of the component A is conveited to the active foim, tins method 
detennines total piothiombin (component A) but does not distinguish between 
the free and inactive foiin The one-stage method, on the contiaiy, deteimmes 
the flee oi active component A and, to detennine the total, all of component A 
must fiist be conveited to the active state 
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FAILURE OP SENSITIZED SHEEP CELL AGGLUTINATION TO 
CLARIFY THE DIAGNOSIS OP RHEUMATIC DISEASE 

Jajies E IRillek, M D , Elsa R Lynch, M T , and John Lansbura, M D 

Philadelphia, Pa 

INTRODUCTION 

E arly joint pam m a patient often pie&ents a difficult diagnostic pioblem 
Poi this leason, the lepoit by Rose, Ragan, Peaice, and Lipman^ of a test 
that was diagnostic foi active iheumatoid aithiitis was leeeived with much eii 
thusiasm Howevei, much inoie study is indicated befoie the leliabilitj' of this 
test IS established and befoie it can be placed in the hand of the clinician as a 
pioAed aid to the diagnosis of active iheumatoid aithiitis 

Rose and co-workeis^ found that the seia of patients with active iheumatoid 
aithiitis agglutinated sheep cells sensitized with labbit antisheep cell seium in 
a much highei titei than they agglutinated plain sheep cells In then senes, 
the seia of twenty-seven patients mth active iheumatoid aithiitis were tested 
Four of the seia had diffeiential titeis of 16 and the lemamdei had diffeiential 
titeis exceeding this level Also lepoited in this senes iveie sixteen eases of 
inactive iheumatoid aithiitis, fi\e of which had diffeiential titeis exceeding 16, 
while the lemaindei had diffeiential titeis langing from zeio to 16 Included 
in then lepoit were twenty-nine patients without evidence of aithiitis Tuo o 
these patients had a diffeiential titex of 16, while the lemaining twenty seven 
had a titei of eight oi less 

Cases of iheumatoid spondylitis, ihenmatie fevei, aithiitis othei t an 
iheumatoid aithiitis and iheumatic fevei, infectious mononucleosis, and Stil s 
disease weie mcluded lu then study, all but two demonstiating diffeientia 
agglutination titeis below 16 They concluded that a sixteen fold diffeience oi 
moie oceuis almost exclusively with the seia of patients with iheuniatoi ai i 
iitis, and that the magnitude of the diffeience in titer usually leflects the c mica 
actn ity^ of the disease , 

It is the puipose of this papei to piesent oiu lesults with this proce uie, 
to coil elate, if possible, the lesults of this test with the activity of the 
and to deteimnie how much piomise it might hold foi the cbnician m tie 
feiential diagnosis of the aithiitides 


METHODS AND M VTERIALS 

In our initial senes ire used the method of Bose and associates! as follows 
of patients mtli active rheumatoid arthritis was diluted serially and added to ^ 
suspension of normal sheep erj throcy tes in one set of tubes, and in another set o 
same serum in the same dilutions was added to a similar amount of 1 pcr cent occurs 

sensitised sheep erythrocytes Bose and coiiorhersi report agglutination up j„ore) the 
with the sensitized sheep erythrocytes in a serum dilution that is sixteen times yor 
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dilution Anth. the normal sheep erjthroeytes Sheep erj tUrocj’tes were sensitized by 2 units 
of rabbit antisheep cell serum prepared bj the technique used for the Kolmer complement 
fixation test 2 The normal heep erjthrocytea were prepared from fresh defibnnated blood 
bj i\asliing the cells three times in saline (0 8 d per cent) centrifugmg, and resuspending in 
saline to make a 1 per cent suspension b^ Tolume 

Dilutions of rabbit antisheep cell sera ranging from 1 1 000 to 1 10 000 were made in 
saline, 0 o ml of each dilution was then mixed with 0 5 ml of a 2 per cent suspension of 
washed sheep cells and to each tube 0 1 ml of a 1 10 dilution of fresh guinea pig complement 
was added The tubes were incubated in a water bath at 37 C for one hour and the highest 
dilution of the scrum producing complete hemohsis was considered to contain 1 umt of 
hemolysin 

A\Tiea domg the agglutmation test the rabbit antisheep cell serum was diluted so as to 
contam 2 units of hemolj'sin and mixed iritli an equal volume of a 2 per cent suspension of 
sheep cells 

This method determines the unit of sensitizing antibody accordmg to its hemolj'tic 
titer, but, as will be discussed later we were imable to obtain differential titers exceeding 
+8 bj this technique Rosea later suggested the agglutinative titer of the serum rather than 
the hemolj'tic titer as a more reliable index. Therefore the greater number of our determina 
tioas were made with the agglutinative titer 

For the agglutinative titer, dilutions of rabbit antisheep cell serum from 1 100 up, in 
steps of 100 in a volume of 0 2o ml were set up, to each tube 0 2o mb of a 2 per cent 
suspension of sheep erythrocjtes was added the tubes were incubated at 37 C for one hour 
and then kept m the icebox overnight After centrifugation in order to obtain more definite 
agglutination, readings were taken The highe'«t scrum dilution giving visible agglutination 
uas taken as the agglutinative titer For example if the titer were 1 oOO, a dilution of 
1 1 000 was used 

^^'hethe^ the hemoljtic or agglutinative titer was used the remamder of the test was 
set up identicallj Serum was obtained from freshly collected venous blood of patients and 
the complement was inactivated bj heating at 50 C for thirty minutes Dilutions of serum 
m duplicate (twelve tubes each) containing 0 25 ml sabne were made To each of one ■series 
was added 0 2o ml of 1 per cent suspension of normal sheep erythrocytes and to the other 
series 0 25 ml of the 1 per cent suspension of sensitized sheep erythrocytes The final serum 
dilutions were therefore 14 18 18 192 The<«e were mixed well and placed m the 

icebox and read in ti\entyfour hours In reading the results the highest dilution of serum 
showing a 1+ agglutination was recorded as the end point The differential titer was the 
highest dilution of the serum agglutinating ensitized sheep erythrocytes to 1+ divided by the 
liighest dilution of the erum agglutinating normal sheep cells to 1+ For example, if sen 
sitized sheep cells were agglutinated to 1+ in a serum dilution of 1 128 and the normal sheep 
cells agglutinated to 1 10 then the differential titer would be 8 (This can be referred to as 
the “algebraic difference ) 

In obtaining material for this studj it was decided to include all cases of arthralgia 
and cases of the so called collagen diseases But after examining twelve patients it was ap 
parent that the differential titers being obtained were not high enough to bo significant At 
this time the technique was reviewed and the decision made to use the agglutinative titer 
Thereafter cases of rheumatoid arthritis osteoarthritis, rheumatoid spondyliti**, psoriatic 
arthritis, rheumatic fever lupus erythematosus disseminatus and controls were used, but 
the primary interest was m acti\e rheumatoid arthritis so that the reproducibilitj of the test 
could be determined 


RESULTS 

Using the hemolytic titer agglutination tests -nere performed with the sera 
of tuehe patients The results arc tabulated m Table I The differential titer 
nc\er exceeded an eightfold diffeienee e\eii though this includes four cases of 
active rheumatoid artliiitis Theie was no cotrelation between activntj and the 
differential titer 
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Table I Difeerential Sheep Cell Agglutination Using the Hemolytic Titer 


PA 



AGE 

SED 




DIFF 

TIENT 

DUG^OSIS 

SEX 

(YR) 

RVTE 

W B C 

NSC 

S S C 

TITEP 


B K. 

Rheumatoid arthritis ac 
live, nith scleroderma 
and calcinosis 

F 

61 

23 

8,800 

1 1 

1 8 

2 

J H 

Rheumatoid arthritis ac 
tue, osteoarthritis 

F 

05 

25 

8,800 

1 1 

1 1 

0 

R H 

Rheumatoid arthritis ac 
tne 

F 

51 

23 

8,500 

1 16 

1 16 

0 

J & 

Rheumatoid arthritis ac 
tne 

M 

54 

21 

9,100 

1 16 

1 128 

s 

H M 

Rheumatoid arthritis in 
active 

M 

75 

9 

7,100 

0 

0 

0 

AI S 

Lupus erj thematosus 
dissenuuatus 

F 

20 

21 

800 

1 16 

1 32 


E S 

Palindromic rlieumatism 

P 

10 

13 

9,000 

1 1 

1 8 

2 

R M 

Acute rheumatic feier, 
pregnancy (2 mo ) 

P 

21 

26 

11,100 

0 

1 1 

4 

L K 

Undiagnosed joint pain 

M 

29 

25 

11,800 

1 1 

1 16 

4 

B B 

Bilateral sclerosing 
osteitis of sacrum 

M 

19 

5 

7,700 

0 

1 1 

4 

J F 

Infectious mononucleosis 

P 

23 

- 

7,500 

1 128 

1 512 

4 

Cr L 

Conversion hjsteria nith 
joint pain 

F 

21 

7 

5,800 

1 8 

1 16 



NSC Normal sheep cells 
S S C Sensitized sheep cells 


Using the agglutinative titei, agglutination tests were perfoimed on the 
seia of foity-foui patients and the lesults aie sunnnaiized in Table H The 
cases may be divided into the following gioups (1) active iheiimatoid aithiitis, 
(2) nomheumatoid joint disease, (3) latent syphilis, and (4) contiols 

The diffeiential titeis in the twenty-one cases of active rheumatoid aith 
iitis langed fiom 0 25, in which the noinial sheep cells weie agglutinated to 1 16 
and the sensitized sheep cells to 1 4, to the highest differential of 64 These pa 
tieiits all had elevated sedimentation lates, joint pain, and objective endence 
of joint disease The magnitude of the difteience in titei did not leflect t le 
clinical activity of the disease noi was theie any definite con elation between 
the diffeiential titei and the eiythioc}d:e sedimentation late It is interestiUa 
to note that one of the contiols had a diffeiential titei of 64 An average o 
the diffeiential titeis of the twenty-one eases of active iheumatoid ait 
21 56 which IS above tlie sivteeu fold diffeicnce wlueh has been designate 
Rose and eo-woikei's' as the uppei limit of “noimal ” Table HI summaiw 
these aveiages 


Table II Differential Agglutination With Agglutimtivb Titer- 

P itients 


-PoKTY Four 


CLINIC VL DIAGNOSIS 


NUMBER 
OP CASES 


Blieumatoid artliritis active 21 

Blieumatoid spondjlitis 2 

Blieuniatoid spondylitis with pe 1 

npheral joint involvement 
Psoriatic arthritis 2 

Rheumatic fever — acute 3 

Lupus erythematosus dis'seraiuatus 1 

Osteoarthritis 1 

Infectious arthritis 1 

SvpluJis 5 

Controls T 


dipperentivl aggl utination 
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Table III. Avebaqes of Diffehential Titers — Forte Four PAnErrrs 



NU&IBEB i 

DIFFERENTIAL TITER AVERAGES 

CLINICAL DIAGNOSIS 

OP C\SES j 

0 1 J I 1 1 8 ( 16 [ 3J 1 6-1 

Ulieumatoid arthritis active 

21 

1 Ji 58 1 

Itheumatoid spondylitis 

o 

1 8 1 

Sbeuniatoid spondylitis with pc 
npheral joint involvement 

I 

1 8 1 

Psoriatic arthritis 

2 

1 8 1 

Pheumatic fever 

3 

i i (3 33) 

Lupus erythematosus dihscmmatus 

1 

L. .U 

Osteoarthritis 

1 

1 o1 i 

Infectious arthritis 

1 

0 

Syphilis 

5 

( ito 1 

Controls 

7 

( ( 


Tlie cases of nonihouiuatoKl joint cJLsease included psoriatic atthntis two 
patients, rheumatoid spondjlitis tluce patients one of whom had peiipheral 
joint involvement, ostooaithiitis one patient, active iheumatie fever, three 
patients, infectious arthiitis, subsiding after evacuation of an ischiorectal ab 
seess, one patient, and one patient with lupus erj thematasus dissemiuatus The 
patient with osteoarthiitis had a difterential titer of G1 One of the patients 
with psoriatic arthritis had a differential titei of 16 None of the others had 
differential titeia eseeodiiig 8 The aieiage of the differential titers of this 
gioup was 10 9 

Another point of interest is the consistently lugii diffeiential titer which 
was obtained with the seia of jiaticnts with latent syphilis but ivithout sub 
jectiie or objective evidence of joint disease Five cases aveiaged a diffeiential 
titer of 17 6 (see Table III) nitli diffeientials ranging fiom eightfold to thirtj 
two fold 

The seven contiol patients with no evidence of jomt disease and with nega 
tive serologies included two cases of psychoncuiosis two normal individuals 
one case of pericarditis, etiology uiidetcinuncd single cases of hcait failuie and 
hypertension These contiols had diffeiential titeis languig from zero to 64 
and the average of the differential titers was 12 This indicates that the dilu 
tion of the rabbit antishccp cell serum used m our studies was of the propel 
quality and that its agglutinative tilei was satisfactoiy Ceitamlj, if repro 
ducible results aie to be obtained, sucli an adequate igglutuntive titer is iieces 
sary 

It IS appaient from the results obtained lu this study that sensitized sheep 
cell agglutination is not specific enough to be of value as a diagnostic aid for 
active iheuniatoid arthntis Of the twenty one cases of active rlieumatoid arth 
ritis, 66 pel cent showed a diffeiential titei of 16 or less If the uppei limit of 
‘normal” weie leduced to a differential of 8, 33 pel cent of these cases were 
still “negative ” It would not he feasible to lowei this dividmg Ime to 8 since 






EVALUATION OP AN IN VITRO HEPARIN TOLERANCE TEST 
FOR THROMBOEMBOLIC DISEASE 

David I Kravchick, M D , and Louis Shebian, M D 
New York, N Y 

T he need foi a laboiatoiy test to piechct thiomboembolic disease has been 
recognized foi some time Waugh and Ruddick,^ = working along these 
lines, measured the ability of whole blood to eounteiact the anticoagulant effects 
of hepaim in vitro The basis foi this test was the physiologic antagonism be- 
tween thiomboplastm and heparin, the foimei substance was consideied to be 
increased in the bloodstieam in cases of accelerated coagulation By using in- 
creasing amounts of hepaim in a senes of test tubes, they attempted a “con- 
tiolled deelaiation of the clotting pioeess ” In mteipietmg the Waiigli-Ruddick 
test, any cuive that falls below the accepted normal lange would indicate ac 
celerated coagulability On the othei hand, results above the normal range 
would point to delayed coagulability 

Silverman® modified the test in an attempt at inei easing its accuracy and 
elmnnatmg certain inherent mechanical difficulties In oui studies at The Bronx 
Hospital, the Silvennan modification of the Waugh-Ruddick test was used 


METHOD 


Serial dilutions of heparin were prepared as f ollou s 

A stock solution i\a 3 made containing 0 6 cc of heparin (1,000 units per cubic centi 
meter) in 300 c c of normal saline The actual dilutions were made from the stock solution 


1 

2 

3 

4 : 

5 

6 

7 

8 


STOCK SOLUTIONS 
(CC) 

0 

5 

10 

15 

20 

25 

30 

35 


normal saline 
(CO) 

50 

45 

40 

35 

30 

25 

20 

15 


heparin (unit per 

01 cc) 

0 

1/50 

2/50 

3/50 

4/50 

5/50 

6/50 

7/50 


Four and one half cubic centimeters of blood were drawn and added to a tube con a ^ 
mg 0 5 cc of 0 IM sodium oxalate This was centrifuged to separate the plasma, 
of plasma was placed m each of eight tubes (100 by 13 mm ) To each tube 01 
of the correspondingly numbered heparin solutions was added Then 0 2 c c of 
cium chloride was added to each tube to offset the oxalate previously used and t e 
noted All tubes were then immediately placed in a water bath at 37 5° C and le ra 
gently tilted periodicallj until coagulation was noted Invariably the numbered tu sc 
m the expectedly orderly sequence 

The fol’owmg precautions were taken to insure accuracy and uniformity of e 

1 Stock solutions were kept at a temperature of 4° C when not m use 

2 The Wassermann. type of tubes were of uniform size and scrupulously c 

3 Venepuncture was done carefullj and a clean dry syrmge and needle were ua 

From the Department o£ Pathologj The Bronx Hospital Joseph ^nabsls 

The authors are deeply Indebted to Dr William Wolarksy for the sta is 
presented herein 
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4 Tho teat was always performed in a water bath of constant suitable temperature as 
suggested by "VVhittalfer * 

5 At periodic intervals the heparm solutions were checked for stability Detemuna 
tions were performed on the plasma of a normal individual using both old and freshly pre- 
pared solutions At intervals of two to three weeks these results checked closelj Likeivise, 
a new unopened vial of heparin (1,000 units per cubic centimeter) was checked against the 
old one and again a close correlation m results was noted 

6 Tho test was performed at about 10 a M in each instance 


rme control series 



TUBE W* 


FIs’ 1 — This graph shows the range and mean clotting times for each tube In ninety control 
determinations. 


RESULTS 

Seventy four individuals were used as controk and ninety determinations 
Mere performed on this group The controk varied in age from the third to 
the seventh decade and none showed clinical evidence of heart disease, thrombo 
emboho phenomena, or blood dyscrasias All were ambulatory Our fiudmgs 
'vith this group are recorded m Fig 1 It wUl he noted that as the tubes con 
tain mcreaamg amounts of heparm the mean clottmg time increases Tho aver 
age mcrease m clottmg time from tube to tube is 1 56 minutes ivith an actual 
range of difference from 1 04 minutes to 1 SO minutes Attention is directed 
to the wide scatter of clotting times among normal mdividuak, especially in the 
tubes containing larger amounts of heparin Two and thiee determinations were 
performed on some of the controk to note the variation m heparin tolerance not 
only among different mdividuak hut ako m the same person from day to daj 
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A few individuals showed a close coiielation on lepeated deteiniinations, while 
most showed maiked vaiiations Fig 2 illustrates the diffeient types of lesults 
obtained in two contiols 

Aftei having established the noimal lange, the test was pei formed on tvehe 
obstetric patients and seven candidates for piostateetomy In the obketiic 
cases a deteimmation was made ante partum and forty-eight houis post paitum, 


COMPARATIVE DATA IN 2 CONTROLS^ 


TIME 


in 



TUBE NS 

Fiff 2 — The&e cur\es illustrate the %ariation in results upon repeatinp the test in tMO 
controls on different dajs In Control 2 the correlation is good nhile in Control -i n 
marked difference in coagulabllltj Is noted The solid line in each control represents me 
first studj the interrupted line 2 is the repeat studj 

and if an aceeleiated cuive uas then found a thud test ivas peifoimed seieii 
days post paitum The same loutine was folloived m the piostateetoniy cases 
The initial deteimmation in each case was included in oui contiol senes Table 
I shoivs eompaiison of these gioups and oui tontiols, ivith a statistical anahsis 
of the lesults The diffeience between the standard deviations of the contiol 
gioup and the obstetiic postopeiative gioup is smallei than 3 sigma, in the case 
of each of the eight tubes Thus, none of the tubes shows a significaiit statistica 
diffeience fiom the contiol to the obstetric-postopeiative gioup 


Table I Statistical Asalysis op AIej^n Diffebences of Seeial Clottiso Tisies 
Between Control and Postoperative Groups 



1 

CONTROLS (90) 

POSTOPER VTIVE 
PATIEXTS (19) 

ANAL! SIS 

TLBE ! 

MILIN 

CLOTTING 

TIME* 

ST \.\DARD 

DEVLVnON 

ME\.\ 

CLOTTING 

TlilE 

STANDVRD 

DEVLiVTlON 

Liffepences 

betweln 

MEANS 

test rur 
SIGNIFI 

cance 

123 


4 87 

1 77 

4 04 

1 5b 

6 33 

2 01 

5 44 

180 

7 87 

2 74 

6 59 

2 46 

9 30 

3 72 

7 71 

2 79 

11 10 

510 

8 85 

4 05 

13 06 

6 21 

9 85 

4 50 

14 10 

15 SO 

7 20 

S 76 

10 63 
1144 

5 40 

6 18 


0S9 
1 iS 

1 5C 

2 25 

3 21 

3 47 

4 36 


135 
186 
219 
3 21 

3 63 

4 26 
0 


•All clotting times expressed in minutes 
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DISCUSSION 

In clinical apiilicatiou, pieliminaij studies by "Waugli and Ruddick showed 
that an accelemted type of curve uas obtained under the following ciicuni 
stances 

1 Duiing uncomplicated bed rest 

2 Following operatne pioceduies 

3 In the piesence of acute infections 

4 In the piesence of hemoiihage 

Piolougation of the cuive uas noted in patients undergoing radiation 
therapy 

In peifoiming his test on nine operative patients Silverman® noted a defi 
nite mcrease in coagulability following opeiation This began within tv\entj 
four hours after operation and lasted for approximately one v\eek Concomitant 
platelet counts wcie done and no increase was found until six or seven days after 
operation, so that thiomboeytosis was not a significant factor in these results in 
the early postopeiative period 

Furthei application of the principles of the "Waugh Ruddick test by Ogura 
and cowoikeis in twentv seven cases of coionary thrombosis revealed an ac 
celerated coagulation curve ui 77 8 per cent of the cases The onset and dura 
tion of this acceleration corresponded with the time range pointed out by Silver 
man as noted A total of SLxtcen coutiols was used m this senes, seven were 
nomal individuals and nine were cardiac patients without thrombosis and at 
bed rest Conventional tests for coagulation peiformed alongside this in vitio 
hepann tolerance tost failed to detect any acecleiatiou TJie conclusion leached 
by these authors was that the accelerated coagulation did not cause the coionary 
thiximbosis but was a result of myocardial destruction 

De Takats* made use of an m vivo heparin toleiance test as an aid in the 
diagnosis of thromboembolic disease Ten milligrams of purified heparin VNeie 
injected intravenously and coagulation times determined by the capilhry tube 
method before the test and at ten minute inteivals foi foity minutes thereafter 
He found a gioup of patients who were lesistant to heparin These were pa 
ticnts in the early postoperative pciiod patients who had suffered caidiovas 
cular accidents and patients w ith Buei*gcr’s disease 

The hepaim tolerance curves iii the postpartum and postoperative states 
m oui patients did not vaiv significantly from those obtained in the contiol 
senes While there may be a difference in the degiee of coagulability of the 
blood of post partum and postopeiative patients as compared with normal indi 
viduals our results fail to demonstiatc this This may possibly be due to in 
herent inadequacy of the test 

SU3IM \ll\ 

-Vii m vitio hepann toleiance test for the prediction of thromboembolic 
disease was studied m seventy foui contiols, twelve obstetiic patients and seven 
patients who had prostatectomies The results v\ere subjected to statistical 
analysis In oui hands this test failed to show a significant difference between 
the control and the post partum postoperative groups This differs from the 
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leports of previous investigators “ ^ In view of this discrepancy, further m 
vestigative woik with this test and on other factoxs affecting blood coagulation 
seems indicated in older to claiify then place in the prediction of thrombo 
embolic disease 
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OBSERVATIONS ON THE COAGULATION DEFECT IN 
THROMBOCYTOPENIC PURPURA 
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T he presence of an excess of liepaim or of a heparin like substance m the 
blood of patients nith idiopathic or secondary thrombocj'topenic purpura 
and other hemorrhagic states has been postulated by Allen and co workers * 
This opinion ^\a3 de\ eloped m part as the lesult of piotamine heparin titrations 
and also by cluneal obsenations on the effect of piotamine and toluidine blue 
on abnormal bleeding These agents are capable of leaeting with seveial en 
dogenous compounds in the bodj some of which aie heparin like while others 
appear to be unrelated to hepaiin ’ Thej were able to show that higher con 
centrations of protamine were nceessarj to cause coagulation of hepaiinized 
blood fiom patients with thrombocytopenic puipura than from normal persons 
They also noted tempoiarj cessation of hemorrhagic phenomena m some patients 
following intravenous adramistration of protamine oi toluidme blue in a dosage 
of 1 to i mg per kilogram of body weight Attention had been directed to this 
‘ heparinoid state” by the hemorrhagic tendency which appeared in dogs £oZ 
lowing total bodj irradiation (roentgen ray) ’ * Allen and co workers found 
in the blood of these hemorrhagic animals a circulating anticoagulant which 
reacted in mauj wajs simdarly to heparin and the bleeding tendency could he 
controlled tempoianly by the intravenous injection of piotamine sulfate or 
toluidinc blue 

Holmgren and AVdander in 1937 found that acidic heparin was re 
moved completely from blood m vitro bj adding the ‘ basic” dye toluidme blue 
This was apparently a precipitation pbeiiomenou Blood to winch hepann is 
added has a prolonged coagulation time but the addition of a solution of tol 
uidine blue wnll cause heparmized blood to clot m a few minutes Chargoff and 
Olson® observed that tlie ‘ basic” amine, protamme, had an effect similar to that 
of toluidme blue but this action was apparcntlj mediated through its effect on 
the electneal charge of heparin Jorpes injected a protamme mtravenously in 
man without untowaid reaction and from in vitro studies concluded that pro 
tamme w ould neutralize heparin in the proportion of si-x parts of protamme to 
ten parts of heparin Parkin and Kvale’ concluded, from m vitro studies how- 
ever that protamme neutralized beparm m a one to one ratio There are 
several factors involved m blood coagulation through which hepann may act, 
hut the exact mode of its action is not knoivn Hepaim, when added m increas 
ing amounts to normal blood, first shortens and then lengthens the whole blood 
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clotting time ® The amount of liepaiin necessaiy to shoiten the clotting 

time has been shown to Amiy fioni 0 0001 to 0 01 unit pel cubic centimetei of 
blood One-tenth unit of hepaim pei cubic centimetei of blood will prolong 
the clotting time This prolongation may be due to an eftect on thiombiii, pio 
thrombin, thiombokinase, oi possibly on othei systems 

The mechanism by which piotamine alteis the coagulation piocess has not 
been determined and it too may act in one of several diffeient ways An 
antithromboplastic oi an antiprothrombie action in the first phase of blood co 
agulation has been postulated It also has been suggested that it may 

have a fibrinoplastic activity in the second phase In sufficient concentiation 
protamines also have been shown to piecipitate fibiinogen and theieby may pio 
long blood coagulation when given in excess Utilizing piotamine and hepaiin 
in an attempt to deteimine changes in the coagulability of blood, as is done in 
the piotamine titiation test, intiodiiees many unknown factoi-s 

METHODS 

While utilizmg small amounts of hepaim foi piolonging the coagulation 
of blood by the method of Waugh and Iluddick,““’ it was noted that some pa 
tients who were actively bleeding had an augmented reaction to hepaim The 
Waugli-Riiddiek test was ongmally devised as a modification of the blood co 
agulation test of Lee and White^* to piovide a contiolled deceleiation of the 
coagulation piocess The technique is as follows 

Nine Waasermann tubes (100 bj 13 mm ), thoroughly cleaned and dried, are placed 
in a rack Tube number one remains empty until the blood is added Tube number two 
contains 14 e c of per cent normal saline Serial dilutions of heparin in 14 c c of saline 
are added to the remaming seven tubes so that tube three receiies 0 1 unit of heparin in % 
c c saline, tube four receives 0 2 unit of heparin in saline, and so on until tube nine receives 
0 7 unit of heparin To each of the tubes is added 1 c c of blood drawn with a minimum 
trauma, usmg a number eighteen needle and measured from the same 10 c c sjrmgo m 
it was drawn The tubes are stoppered and tipped to approximately 85 degrees at wo^ 
minute inteivals until coagulation occurs The time which elapses from the moment boo i 
first seen in the syringe until coagulation occurs is the end point in that particular tube 

The test has been used to study the inci eased speed of coagulation of tlm 
hlood of patients with myoeaidial infaiction and othei thrombotic conditions 
It has not been used heietofoie, to oiii knowledge, in a study of patients wi 
henioiihagic tendencies 


RESULTS 

The test was peifoinied on thiity normal subjects and the 
sented in Pig 1, aie m agreement with those ot Waugh and Riiddick jo 

ot coagulation m tubes 1 and 2, which contain no hepaim, vaiied fioni o 
minutes In tube 3, containing 01 unit of hepaim, coagulation 
fioni 12 to 40 minutes A giadual inciease in the time lequiied foi codod ^ 
was found as increasing amounts of hepaim aie encouiiteied Coagu a ^ 
tiniately^ occiiiied in fioni 40 to 90 minutes In no instance of 

lendeied incoagulable iindei these conditions The two extremes m tie n 
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coagulation m noimal subjects are shown b) the solid lines m Pig 1, while 
mdnidiial readings on each of the thirty patients are represented by the dots 
When the Waugh Ruddiclc test was toed on the blood of patients who were 
aetnely bleeding because of thrombocytopemc purpuia it was noted that tliere 
was an inci eased scnsitiiitj to heparin as indicated by an jnereased time for 
coagulation in the tubes containing this material Consequenth the test was 
performed on fifteen patients who had bleeding tendencies associated with pri 



1 — Showing the response to the Waugh Ruddick test In thirty normal individuals The 
lines represent the two extremes 

marj or secondary thrombocytopenia The patients and their diagnoses aie 
listed in Table I nine of them being classified as idiopathic thiombocitopeme 
purpura The laboratorj findings wen. typical m all cases the clotting time 
was essentiallj normal tbeie was prolongation of the bleeding time, the throra 
bocjtes wcie dimimshed clot retractility was absent and they piesented elimcal 
manifestations of hemorrhage In thiee patients the thrombocytopenia was 
secondary to leucemia It was secondary to a chemical agent in Case 13, and 
m Case 14 autopsy rei calcd a diffuse reticuloendothehosis Patient J B , Case 
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Table I 


CASE 1 

( 

P VTIENT 

CAUSE 

PLATE 

LETS 

(THOU 

SANDS) 

BLEEDING 

TIME 
(MIN ) 

CLOTTING 
TIME ' 
(MIN ) 

CLOT RE 
TRAC 

TILIT\ 

IIEMOU 

RILVOIC 

PHENOM 

ENV 

1 

D M 

Idiopatluc 

80 

10+ 

50 

None 

Yes 

2 

W M 

Idiopathio 

50 

7 

5 0 

None 

Yes 

3 

M S 

Idiopathic 

19 0 

15+ 

40 

None 

Yes 

•1 

J G 

Idiopathic 

40 

10+ 

60 

None 

Yes 

5 

M P 

Idiopathic 

2 0 

10+ 

50 

None 

Yes 

6 

J S 

Idiopathic 

5 0 

10+ 

5 0 

None 

Yes 

7 

R P 

Idiopatluc 

10 0 

10+ 

55 

None 

Yes 

8 

S L L 

Idiopathic 

80 

10+ 

60 

None 

Yes 

9 

L B 

Idiopatluc 

12 0 

10+ 

6 25 

None 

Yes 

10 

J E 

Lymphatic leucemia 

50 

10+ 

80 

None 

Yes 

11 

F S 

Myelogenous leu 
cenua 

36 0 

20+ 

60 

None 

Yes 

12 

W J W 

Monocytic leucemia 

2 0 

10+ 

60 

None 

Yes 

13 

F E 

? Toxic agent 

4 0 

10+ 

35 

None 

Yes 

14 

C D 

Reticuloendothelial 

hyperplasia 

5 0 

10+ 

45 

None 

Yes 

15 

J B 

Aplastic anemia 

2 0 

85 

40 

None 

Yes 


15, had aplastic anemia One of the nine patients with idiopathic tluomboe 3 to 
pemc puipuia died of ceiebial hemoiihage befoie splenectomy could be pei 
formed Splenectomy was done in eight patients, seven of whom lesponded 
satisfactorily wth a return of the platelet count and bleeding time to normal 
and cessation of the hemoiihagic tendency The eighth patient responded 
temporarily but i ever ted to the previous hemoiihagic state 

The studies on these patients with thiombocytopenic puipuia revealed an 
essentially normal coagulation time in the first two tubes, which do not contain 
hepaiin, but a markedly prolonged coagulation time in the remaining tubes con 
taming serial dilutious of hepaim Fluctuations were noted in the speed o 
coagulation in individual patients from time to time when there was no sigm 
cant change in the number of platelets, but when there weie active ehnica 
hemorrhagic tendencies the increased sensitivity to heparin was always piesen 
The variations in the 'Waugh-Ruddick test more nearly paralleled the climca 
manifestations of hemoiihage than did the platelet level 

Fifty-six determinations were done on these fifteen patients and the lesults 
are presented in Fig 2 The solid line is a typical Waugh-Euddick curve lu^ 
noimal subject, presented for comparison Coagulation occurred m 20 
in the presence of 0 1 unit of hepaim, m 32 minutes with 0 2 unit, m 
with 0 3 unit, and m S-1 mmutes with 0 7 unit of heparin m the last tube 
shaded area in the figure represents the extremes in the lesponse m 
determinations on fifteen patients while they were actively bleeding ^ 
patients coagulation required from 45 to 100 mmutes m the presence o 
of hepaim although the coagulation time in the first two tubes, ot 

hepaim, had been essentiallj^ normal In the fourth tube, contaunng 
hepaim, coagulation oceuried in 60 mmutes in one patient, but m 
stances the blood was incoagulable m this dilution of heparin and ni J 
quent dilutions The shortest coagulation time with 0 3 unit of hepaim i 
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minutes, but in most instances the Wood ivas incoaguiaWe witJi tins ddution of 
heparin There ivaa a piogresaite lengthening of the coagulation tune as the 
concentration of hepaim wss incieascd, and eieu m those having the shortest 
coagulation time it u as much longer than the normal and an incoagulable state 
uas reached in all cases In none of the normal subjects t\as the blood made 
incoagulable by these dilutions of hcpaiui All detcnninations fell between the 
extremes lepiexented by the shaded aiea Incoagulability of the blood was 
usuallj produced with 0 3 to 0 4 unit of hepaiin and it remained incoagulable 



Fig *• — The heav> line shows the "U augh Ruddlck cune In a normal person. The 
Shaded area represents the extremes In the response obtained In thrombocjtopenlc patients 
while actively bleeding Blood from these patients Is rendered IncoajrulaWe by this small 
amount of heparin Although the chan is stopped at JSO minutes all blood samples were 
Observed for twelve or more hours and were still uncoaguJatei 

lu subsequent tubes These results show that the coagulation tune in such pa 
ticnts is normal in tlie absence of heparin but is maikedly mcreased with even 
small amounts of heparin and the blood is easily rendered incoagnlible 

In four patients with purpuia simplex (nonthromboeytopenie purpura) 
the 'Waugh Kuddiok text was nonnal 

Pretamine sulfate and toluidiiie (1 to 4 mg per kilogiam of body weight) 
weic administered to seieii patients and then blood was studied in serial dilu 
lions of heparin Samples of blood were drawn prior to the adnumstration of 
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protamine oi toluidine blue, ten minutes aftei the administration was completed, 
and daily tliereaftei for vaiiable periods In two patients there was no demon 
stiable effect In a thud subject the Waugh-Euddick euive returned to normal 
following the mjection of protamine sulfate, but since the results persisted for 
more than one week it seems probable that the material was given concomitantly 
ivith a spontaneous remission In the remaining instances the admmistiatiou of 
protamine sulfate or toluidme blue apparently shortened the coagulation time 
in the tubes containing 0 1 and 0 2 unit of heparin and occasionally in the tube 


Tliag of co&^ul&tian 

in minutes 



containing 0 3 unit of hepaiin but had no effect on the tubes containing a hin 
concentration In these tubes the blood remained incoagulable This 
that the protamine in the blood stream was sufficient to neutralize 01 to ^ 
unit of hepaim in tubes 3 and 4 but not larger amoimts Fig 3 shows a 
response in a patient before and after the administration of protamine 
partial flattening of the cuiwe, apparently due to the presence of circu a 
piotamine, was not noted in the tiventy-four hour sample 

The Waiigh-Ruddick test was done on five patients before and aftei 
toniy In four of the cases the operation was followed by a to 

remission and a return of the platelet count and other laboratory n 
normal le\els In all of these patrents the Waugh-Euddick test a so 
to normal Fig 4 shows the results of this test in the four eases betoie an 
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splcnectomj In tlie fifth case the opeiation was followed by an immediate but 
niodeiate rise in the platelet count and a normal IVaugli Ruddick test Tno 
montlis later cutaneous hemorrhages had reappeared the platelet count had 
dropped to its previous low level and the Waugh Euddick test was again even 
more piolonged than luitialh Fig 5 shows the AVaugh Euddick test before 
operation, one hour postopeiativclj and two montlis later ui the patient le 
sponding only tenipoiaidj to splenectomj 

DISCUSSION 

These expeiinieiits show that the blood from patients with thiomboojtopenie 
puipura exhibits an unusual sensitivity to heparin in that coagulation is ex 
treniely piolonged in its presence and the blood is leiidered mcoagulable when 
veiy small amounts of hepaiin are added The prolongation of the coagulation 
time IS less marked with normal blood and it does not reach an incoagulable stage 
undei these conditions Tins reaction is not like that produced bj the intra 
venous injection of commercial hepaiin The coagulation time of the whole 
blood as determined by the Lee White and capillary tube methods is not signifi 
cantly piolonged in thrombocytopenic patients as is true when an excessive 
amount of commeicial hepaiin is giyen Toluidnie blue and protamine sulfate 
when given to these patients intravenously does not neutralize the ineoagulabiUtj 
of the blood in the Waugh Ruddick piocedure as would be expected if excess 
heparin were the basis foi tiieso changes These substances appeal only partiallj 
to neutralize tlie effect of the hepann used m the test Further evidence against 
the presence of an excess of hepann in the blood of these patients was suggested 
by the administration of commercial hepann to iioinial subjects The AVaugh 
Ruddiek curves in these individuals are not the same as curves obtained in 
thrombocytopenic patients * AVhen hepann is given intiavenously to a normal 
person in small aniouiits (10 mg) the coagulation time is only slightly pro 
longed and the blood does not become incoagulable in the Waugh Euddick test 
containing the higher concentrations of heparin AVhen hoparm is given in 
largei amounts (50 mg), the coagulation time is definitely prolonged but still 
the blood does not become incoagulable in the AVaugh Euddick test This re 
action differs from that of the blood of thiombocytopeiiie patients in that their 
blood always becomes incoagulable when tested during a period of hemorrhage 
and the AVaugh Euddick curve is entiiclv diffeient from that of blood heparin 
ized 111 vivo These observations agree with the conclusion of Conley, Hartmann, 
and Morse^® that the increased susceptibility of thrombocytopenic blood to 
hepann apparently is not due to an inci eased amount of circulating hepann like 
substance 

The blood of patients with thrombocytopenic purpura is more sensitive to 
hepann in vitio than the blood of iioinial persons This sensitivity closely paral 
lels the clinical manifestations of hemorrhage and follows the elinical state moie 
closely than it does the platelet count The parallelism between the clinical 
manifestations of htnioiihage and hcpaim sensitivity is also closei than that 
hetw een the clinical manifestations and the platelet count 
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SUAIM VRY 

1 The 'Waugh-Euddick test has been used to study the coagulation defect 
m patients with thiombocytopenic puipuia 

2 The blood fiom such patients is unusually sensitive to small amounts of 
hep aim m vitio 


Time oTcodOalation 
in minuLtcd 



recurred 


3 The incieasecl sensitiMty of the blood to hepaim paiallels e ose i 

clinical manifestations of hemoiihage ,, j„j 

4 The coagulation defect does not appeal to be due to an excess o le 
in the ciiculatiiig blood 


1 

2 

3 
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II IS an exception in that the solution supplied must be diluted befoie adminis 
tiation Pievious expeiience in this hospitaP showed that the solution used i\as 
a satisfactoiy one if administeied at a slow rate AU piepaiations did not have 
an equal nitiogen content A numbei of difteient lots of each piepaiation weie 
used to obtain the values listed in Table I Two lots of Piepaiation V aio 
listed, the fiist (Va) consisted of a batch which possessed the highest glutamic 
acid content of any of this type of mixtuie In the second (Vb) a lowei glutamic 
acid content was found and lepiesents an amount closei to the aveiage obtained 
foi this piepaiation 


Table I Glutamic Acid Content op Amino Acid Prepvkations 


PREPARATION 

Amino acid 

CONTENT 
(GM PER CENT) 

CONCENTRATION OF 

amino acid 

SOLUTION INFUSED 
(GM PER CENT) 

volume 

INFUSED 

(ML) 

GLUTVMIC ACID 
CONTENT OF 
INFUSED SOLUTION 
(GM) 

Preparation 11 

15 

75 

400 

5 05 

Preparation I 

10 

10 

500 

4 09 

Preparation VI 

5 

5 

1,000 

2 65 

Preparation V 
a 

10 

10 

500 

lie 

b 

10 

10 

500 

0 25 

Preparation III 

8 

8 

500 

00 


A siimmaiy of the iiifoimation obtained by infusing Piepaiation II is listed 
111 Table II This piepaiation contained the highest glutamic acid content 
(5 05 Gm pel 400 ec ) of those studied It can be obseived that high seium 
flee glutamic acid levels weie i cached Nausea and vomitmg was the usual 
leaetion if the glutamic acid content of the blood exceeded 15 9 mg pei 100 milli 
hteis The tact that maiked vaiiations in individual toleiance occurs is evident 
in that one subject did not become nauseated even though he had a serum fiee 
glutamic acid level of 42 6 mg pei 100 milliliteis 


Table U The Relationship Between Blood Glutamic Acid Level and the 
Production op Nausea and Vomiting 



1 SERUM FREE GLUTAMIC ACID j 

RATE OF 

===== 

AMINO ACID 
PREPARATION 

BEFORE INFUSION ] 
(MG PER CENT) 1 

after INFUSION 
(mg per cent) 

INFUSION 
(0 0 /MIN ) 

reaction 


Preparation II 


41 

50 

39 
3 6 
3 5 
3 5 
49 

40 
2S 


10 6 
141 
15 9 
33 0 
39 0 
39 0 

42 C 

43 0 
43 2 
85 0 


3A 
29 
45 
62 
91 
14 0 
45 
10 2 
57 
3 7 


0 

0 

0 

Nausea 

Nausea 

Vomited 

0 

Nausea 

Vomited 

Vomited 


In Table III aie summaiized the lesults obtamed by infusmg 
(4 09 Gm glntanuc acid pei 500 c c ) AU subjects who had blood fiee 
acid levels above 16 mg per cent became ill One subject vomited a 
level (10 9 mg pei 100 ml ) In geneial, seium free glutamic acid 
not as high after the adniinistiation of this pieparation as with the piC' 
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Table III Iue Eelationsuip Between Blood Glutamic Acid Level and the Iroduction 
OF N vusea and VOiimNG 


(Preparation I 4 09 on Glutamic \.cid pee 500 cc) 


1 

! SERUM FREE GLUTAMIC ACID | 

RATE OP ; 


AMINO ACID ' 

BEFORE INFUSION 

, AFTER INFUSION 

1 INFUSION 


PREPARATION 1 

(MG PER CENT) 

(MO PER CENT) 

1 (CC/MIN) . 

RELICTION 

Preparation I 

37 

4S 

71 

0 

4.0 

73 

G1 

0 

74 

82 

53 

0 

42 

88 

62 

0 

03 

10 7 

81 

0 

41 

10 8 

102 

0 

48 

109 

10 7 

Vonuted 


13 8 

77 

0 

6G 

16 2 

86 

Vomited 

39 

22 5 

55 

Vomited 

S3 

23 2 

65 

Vomited 

44 

23 9 

94 

Vomited 

80 

28 7 

55 

Vomited 


Piepaiation VI (Table IV), au eiizjmatic digest of bovine blood proteins 
had a iowei free glutamic acid content (2 65 Gm pei 1,000 c e ) tlian the pre 
vious two preparations and this prepaiation could be administered at more rapid 
rates without lucieasuig the toxic s}Tnptoms One subject became nauseated at 
the rather low seium fiee glutamic acid le\el of 9 7 mg per 100 ml , and one 
subject did not become ill m spite of the high blood level of 22 6 mg pei 100 
nuUiliters 

Table TV The Belationship Between Blood Glutamic Acid Level and the Produotiov 
or Nvusea and Vomitino 


(Preparation VI 2 6d cm Glutvmic Acid per 1000 cc) 


i 

AMINO ACID 
PREPARATION 

[ SEBUM FREE GLUTAMIC ACID j 

PvATE OP 
INFUSION 
(C C /MIN ) 

BE.VCTION 

before INFUSION { 

(mo pet cent) { 

AFTER INFUSION i 
(MO PERCENT) 

Preparation VI 

21 

45 

14 7 

0 


20 

67 

20 2 

0 


28 

67 

12 5 

0 


1 7 

78 

20 0 

0 


23 

97 

31 2 

Nausea 


45 

98 

13 3 

0 


44 

10 3 

14 3 

0 


6 2 

13 9 

182 

Vomited 


49 

169 

33 

Vomited 


36 

22 0 

25 6 

0 


Table V summarizes the data obtained using the prepaiations containing 
none or small amounts (1 10 to 025 Gm ) of glutamic acid The seimm free 
glutamic acid values obtained following the infusion of 500 ml of an amino 
acid mixtuie containing no glutamic acid is of particular mterest In spite of 
the exceedingU rapid latc of administiation (50 and 62 ml per minute), the 
two subjects showed no toxic symptoms and no appreciable increase in the scrum 
free glutamic acid content With Picparitions Va and attempts were made 
to produce elevated blood levels bj meieasmg the late of infusion It was pos 
siblc to increase the late of injection of Prepaiation Va to such an extent (62 5 
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ml pel minute) that nausea oeciiiiprl At+Lao i. 

acid leiel lose to 12 to 15 mg pei 100 niillilit:^: 

one case of the twelve studied was tovicitv noted U f 

admnnstiation which weie compaiable with th ’v f 

Piepaiation Va ««“Paiable with the fastei mfiisions given mtli 

Tcble V The Relationship Between Biood GLUTnire An,n 

OF AUusea and Vomiting^ Pkoddctiov 

(PHEPAnmoN VA, 1 10 0^1 aiHTniro Acid, PPEPmATioN Vb o^o ou 

Ppeparation hi, 0 0 Gh ) ’ ' 


AHINO ACID 
PEEP IP^VTION 


Preparition Va 


BEFORE INFUSION 
(MQ PER CENT) 


Prepaiation ATi 


Preparation ITT 


2 2 
2 7 

4 7 
62 

5 0 
4 1 

4 0 

5 5 

4 9 

40 
3 1 
38 

3' 5 
52 
49 
1 9 
48 
3 9 
3 9 
0 4 

5 0 
5 4 


UTAMIC ACID 1 

AFTER INFUSION 
(ilO PER CENT) 1 

RATE OP 

INFUSION 
(CC/MIN ) 

' REiVCTIOV 

49 

12 5 

0 

70 

14 3 

0 

72 

20 0 

0 

75 

13 5 

0 

83 

15 6 

0 

91 

16 4 

0 

93 

35 6 

0 

12 3 

02 5 

Slight iimsea 

14 7 

62 5 

Slight musei 

15 7 

714 

Nausea 

30 

83 

0 

3 7 

91 

0 

3 8 

10 6 

0 

4 8 

12 5 

0 

49 

63 

0 

58 

96 

0 

63 

88 

0 

63 

71 

0 

6 6 

71 

0 

74 

21 7 

Vomited 

79 

23 8 

0 

91 

60 

0 

59 

50 0 

0 

63 

62 5 

0 


"ood eon pint El Tables I to V aie summaiized in Fig 1 Theie is 

subieets whn ^Ti^ e ween the seium fiee glutamic levels and the pei cent of 
aiation n^pd became nauseated 01 lomited Without legaul to the piep 

ni" nei inn' ^'"i ^^^i * fiee glutamic acid concentiation 1 cached 12 to 15 

Above thpto 1 ^ 1 ^ oiie-half of the subjects became nauseated 01 vomited 
eve s t le incidence of ill effects was coiiespondinglv gieatei 

ulus 5 Gioiip C leceived infusions consisting of Piepaiation 15 

acid content pel ^00 ml of solution (Table VI) The glutamic 

of caspin tp° 01 titled piepaiation was thus made equal to an aeid digest 
finenev nf t II) In this senes theie was a decidedly gieater fie 

acid waa compaicd with this same mi\tiiie befoie glutamic 

sv^mntn c 1 Piepaiation Vb alone, the incidence of tovic 

jmpioms was b 3 pei cent, with the addition of glutamic acid the incidence rose 
0 00 pel cent All of the subjects who expeiieiiced ill eftects had senim free 
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glutamic acid levels equal to oi abo\c the 12 to 15 mg per 100 ml range It is 
noteworthy that thiee of the subjects who had high serum glutanuo acid values 
did not eshibit any gastrointestinal symptoms (Table VI) 



Mg Percent 
ms 1 


Table VT Tub Effect of Adding QmTAiiic Acid to Ebepabatiom Vb on tub Occobrence 
or Nadsea and Voaiitinq 


{5 05 Gsi OF Glotajiio Acid Added to 400 oc or Ppepaeation Vb and Stpeilized bt 

Autoclavino) 


FREE 

CLUTAiUc Acid | 

1 KATE OF INFUSION 

I (C <3 /MIS ) 1 

PEaVCTIOS 

BEFORE INFUSION 
(MO PEP CENT) 

j AFTER INFUSION j 
{ (MO PEF CENT) | 

20 

90 

58 

0 

4.5 

94 

93 

0 



11 8 

80 

Nausea 

34 

11 9 

80 

Nausea 

30 

18 0 

12 0 

Nausea 



9a 

0 



10 6 

0 



10 6 

0 



10 6 

Nausea 



9 

Nausea 



86 

Nausea 


Studies Involving Only Glutamic Acid Solutions — In the ne\t senes of 
studies an attempt was made to deterniiiie whcthei tlieie was a free glutamic acid 
Iciel of the serum at which the occurrence of nausea aud lomiting could be 
expected (Table VII upper half) The first eight subjects received infusions 
of solutions eontauung 5 05 Gm of partially ueutraliEed glutamic acid per 400 
ml of solution the next nine subjects iceeived infusions of a solution containing 
10 1 Cm of glutamie aeid pel 400 milliliters The lex el of serum glutamic acid 
re idled xxas dependent on tlie eoiicentratioii of tlie solution mfused and tlie nte 
of injection With the lower concentration none of the eight subjects wlio ic 
eeixcd the ammo acid exhihited ill effects Only two of these subjects Iiad 
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seium fiee glutamic acid levels exceeding 12 mg pei 100 millihteis Nine sub 
jeets leeeivecl the stiongei solution, five o£ whom became nauseated oi voniitcii 
It should be noted that with the stionger solution highei seium fiee glutamic 
acid levels weie quickly obtained Poity-five pei cent of the subjects wlio liad 
levels of glutamic acid above 12 mg per 100 ml became nauseated oi vomited 


Tible VII Tee Kelationship Between Serum Free Glutauic Acid Levels ivd the 
Occurrence oy Nause\ and Vomiting Aftep Giving Giutamic Solution Intrivenousli 



i SERUM FREE GLUTAMIC ACID 

1 



BEFORE AFTER 

E ITE OP j 


AMIVO ACID 

INFUSION INFUSION 

INFUSION I 


PREPARATION 

(MG PERCENT) (SIG PERCENT) 

(C C /MIN ) 

HEACTIOX 


Sterilized by Autoolaviny 


Glutanuc acid. 

68 

55 

53 

5 05 Gni /400 c c 

3 3 

64 

110 


57 

71 ■ 

40 


53 

80 1 

46 


84 

8S 

53 

1 

54 

115 

10 0 

j 

75 

16 6 

SO 


35 

35 0 

40 0 

Glutamic acid { 

43 

20 0 

93 

10 1 Gm /400 c c 

31 

23 7 

80 


57 

25 5 

93 


27 

29 3 ! 

10 0 


40 

310 1 

12 0 


20 

37 2 

10 0 


2 1 

39 9 

15 0 


5 9 

418 

10 0 


41 

53 0 

93 


0 

0 

0 

0 

0 

0 

0 

0 

Vomited 

Voniitei! 

Vomited 

0 

0 

Vomited 

0 

0 

Vomited 


Sterilized by Filtering 


Glutamic acid 

39 1 

12 0 

80 

5 05 Gm /400 c c 

36 1 

151 

10 0 


35 i 

ISO 

80 


3 3 

22 6 

SO 


5 0 

26 4 

10 6 


4 1 

27 3 

SO 

Glutamic acid 

44 

85 

66 

101 Gm/400 ec 

33 

14 9 

SO 


27 

19 3 

66 


26 ; 

22 4 

66 


48 ! 

24 0 

SO 


6 7 1 

29 7 

66 


27 

30 9 

10 0 


2 9 

60 0 

10 0 


0 

0 

0 

Nausea and lomitiOo 
0 

Nausea 

Vomited 

Nausea and vomitms 

Vomited 
Vomited 
Vomited 
Vomited 
Nausea 
Vomited 


Suiee many of the commeicial piotem digests aie steiihzed by ^ 
rathei than autoclaving and since lieat piomotes the convereion of 
to pyiiolidone caiboxyiic acid, it uas decided to lepeat these studies ushId 
glutamic acid solutions uhieh had been steiilized by filtiation, emp 
the louei and highei doses (Table VII, lowei half) When the lover o 
administeied, tuo of the six subjects tested became nauseated oi ' 
the highei doses all of the eight subjects tested became dl One su jee 
but had a blood glutanuc acid level of only 7 5 mg pei 100 nnlbhtci® 
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DI&CUSSION 

Until the present investigation the quantitative iclationship of glutamic 
acid to the piodiiction of anoiexia, nausea, and vomiting following the mtra 
venous adiuinistiation of casein hydioljsates was based on uidiiect evidence 
Previous studies in this hospital mditated that no sigiuficant ill effects attended 
the giving of ammo acid pieparations orally, liovvevei, a depicssion of appetite, 
nausea, or vomiting fiequeutly occuried with oi immediately after intusions of 
casern digests These lU effects could be ledueed to a large extent by reducing 
the rate of infusion It was next obsened that mixtuies of the ten essential 
ammo acids could be given intiavenously at veij lapid rates without pioducmg 
ill effects” " " Both Eckhaidt and Davidson'* and 'Wenistem'* have admm 
istered mtravenouslj to patients ammo acid piepaiations containing reduced 
amounts of glutamic and aspartic acids and thej have icpoited few toxic symp 
toms even with rapid rates of infusion In the case of the dog' ' ‘ (and later 
confiimed m man ), it was noted that the addition of either glutamic oi aspartic 
acid" to paienteiaUj admunstered ammo acid mixtuies reduced the tolerance 
of these mixtures Additional evidence indicated that there was a maiked 
coiielation between the content of these two dicarboxylic ammo acids m ammo 
acid prepaiatioiis and the tendency of the solutions to piovohe nausea and 
omosis in man On the otliei hand Elman" has leported the intravenous mjec 
tions of an uimeutnlized glutamic acid solution (1 000 ml of solution contained 
30 Gni ) into three patients without the occurience of any ill effects No refei 
eiice was made hy this investigator to the late of mfusion, or to the glutamic 
acid level vvhicli lesulled His mteipietation, appareutlv based upon tliat study, 
that mtravenouslj injected glutamic aeid is not related to the pioduotion of 
nausea and voniitmg is at vaiianee with our expenence 

Hoffman and co vvoihers" reported that if the blood amino acid nitrogen 
following the admiuistiation of an acid hydroljsate of casern exceeds 10 mg 
per cent, nausea and vomiting maj occur This finding has been confirmed pre 
viously m tins laboratory” for the same pieparatioii however, usmg prepara 
tioiis which were either free of or veij low m glutanuc acid it was possible to 
ohtam maikedlv elevated blood ammo acid nitrogen values without ill effects 
At that time it was suggested that the blood glutamic acid probably was more 
closelj related to tlie nausea and vomiting than tbe ammo acid nitrogen content 
Kade'” bas suggested that following the intravenous administration of prepara 
tions iich 111 glutamic acid the blood level of glutamic acid rises faster than 
the ammo acid nitiogen content of the same blood Priedbeig and Gieenfaerg' 
have lepoited that glutamic acid is slovvlj cleared from the blood of lats after 
nitrav enous administration 

In this study the determination of the free glutamic acid content of seium 
was accomplished bv using a microbiologie pioceduie emplojmg Lactobacillus 
arahmosus ns the test organism This method has been sliown to give lelnble 
values when piotem hvdioljsates vveie investigated ' Recently it was stated hj 
Prescott and AVaelsch" that the miciobiologic method for glutamic acid is not 
applicable in tbe piesence of glutamine Bj then chemical method it was found 
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that free glutamie acid of beium oi plasma varied from 0 6 to 17 mg per 100 
ml, and the "apparent glutamine” content ranged from 8 to 12 mg per 100 
mrllrhters Harper, using a modified type of mrcrobrologie method, more re 
cently found glutamic acid and glutamine values in plasma similar to tliobe 
given by the chemical method The ma 30 i portion of the pieinfusion values for 
serum free glutamic acid reported in the present study would tend to show 
that a portion of the serum glutamine is being included in the value, because 
they are abore the 0 6 to 1 7 mg range Since they aie almost all below the 
8 to 12 mg range, not all the glutamine is being determined as free glutamic 
acid 

There appears to be some quantitative difference in the tolerance of glutamic 
acid when administered alone and when mixed with other amino acids When 
5 05 Gni of glutamic acid were given intravenously as a solution containing oiil) 
this amino acid, 14 pei cent* (two of the fourteen studied) of the subjects 
either became nauseated or vomited When a similar amount of glutamic acid 
was gnen intravenously in a mixture of amino aeids (Preparation II), 60 per 
cent* (si\ of the ten tested) of the subjects showed ill effects On the other 
hand, wdien the eoncentiation of glutamic acid was increased to 101 Gm and 
onlj this partially neutralized ammo aerd was given intiavenously, 76 per cent 
(thirteen of the seventeen patients) of the subjects became nauseated or vom 
ited Thus, the incidence of nausea and vomiting following the intiavenous ad 
ministration of glutamic acid mcoipoiated in an ammo acid mivtuie is greater 
than that wdien an ecpiivalent amount of paitiallj’’ neutralized glutamic acid 
IS given alone Both aspartic acid" and phen> lalanine-" have been lepoited to 
mciease the toxicity of intravenously administered ammo acid dl Methiomne 
also has been listed as an ammo acid wdiich is pooily toleiated when given 
intiavenously to the dog-^ The ammo acid piepaiations which are low m 
glutamic acid are also geneially low m aspaitic acid Phenylalanine and methio 
nine aie piobabljr uot oftendeis m this manner, at least not without the dicai 
boxjlic ammo acids bemg present Preparations III and V contained these 
acids and weie w^ell tolerated even at rapid rates The possibility of othei anuno 
acids inei easing the effect of glutamic acid m the production of nausea an 
vomiting tollowmg its intravenous administration should be fuitliei mvestiga e 

In attempting to evaluate the data concerning the relative toxicitj of t le 
autoclaved as compared with the filteied solutions of glutamic acid, it was no e 
that 71 per cent’ (ten of the fourteen cases) of the subjects that leceive 
latter preparation became nauseated or vomited, while only 30 per cent 
of the seventeen subjects) became lU. after receiving the autoclaved 
Thus, the filteied material would appear to be slightly moie toxic than tie 
claved Olcott- reported that if glutamic acid were autoclaved at a 
of 125° C and m an acid media, pH 3 3 for four hours, 92 per cent o ic a^ 
acid would be converted to pviiobdone carboxylic acid The possi 1 1 ^ ° 
occunmg during the lelativelj short period of autoclaving used m tie 

•Since the difference is greater than two times the standard error of the 
difterences are considered significant 
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study might be an explanation foi the apparent diffeience in emetic effect 
The likelihood of the pynohdone carboxylic acid assaMng like glutamic acid 
(eg, supporting the giouth of the Lactobacillus aiabinosus) ^\hlle having an 
emetic action diffcient from glutamic acid was in\estigatcd, in this case a high 
seium glutamic acid le\el might he attained without nuisca and \onuting 
Lyman found that this micioorganism caimot utilize pyiiolidone caiboxylic 
and^* In the present study^ it was found that pjriolidonc caiboxylic acid 
neither stimulated nor inhibited the bacterial growth in that assay of glutamic 
acid when present in one thud to four times the concentiation of glutamic acid 
If much glutamic acid weie comerted to pyrrolidone caiboxylic acid during the 
short period of autoclaving then the concentration of fiec glutamic acid lu the 
autoclaved material should deeieasc, since the pyirolidone carboxylic acid does 
not support growth of the mioioorgamsm This did not occur Hence, it seems 
unlikely that pyirolidone caiboxylic acid could account foi the appaient diffei 
ence in toxicity of the filtered and autoda\ed glutamic acid solutions 

SUlIIdAUX AND CONCLUSIONS 

The free glutamic acid content of fi%e different t\pes of amino acid prep 
aiations was estimated usuic» microbiologie methods They are, m deci easing 
order of glutamic acid content an acid hydrolysate of casein fortified with 
tiyptophane, an enzymatic hydiohsatc of casein, an enzymatic digest of beef 
blood proteins a mixture of ammo acids produced by the lecombniation and 
fortification of fi actions of a casern digest and a mixture of the ten “essential' 
ammo acids plus glycine Tlie occunencc of nausea and aoraiting following 
the administration of the \arious preparations in a senes of fifty se\en human 
sub 3 ects was found to parallel the free glutamic acid content of the mixtiue 
given 

Until the present in\ estigation only indirect e\idcnce was obtained con 
ceinmg the quantitatue relationship of glutamic acid and the production of 
nausea and \omiting following its intravenous administration A diiect rcla 
tionship between the free glutamic acid of the serum and the occurience of toxic 
effects follow mg the administration of ammo acid pieparations was found in 
this investigation When the scium free glutamic acid level i cached 12 to 15 
mg pel 100 ml , nausea and \omitmg o curred in more than half of the subjects 

Solutions containing only partially neutralized glutamic acid were admin 
istered intra\enousl\ to thirty one mdividuals and estimates of the fiec glutamic 
acid content of the serum weic made A lowei percentage of these patients be 
came ill at elevated glutamic acid levels than in the group that received glutamic 
acid containing ammo acid mixtures This is lutei preted as showing that the 
toxicity of glutamic acid mav he potentiated bv othei ammo acids 

A study of the eftcct of autoclaving and of steiilization by filtration upon 
tlie toxicity of glutamic acid solutions indicated that the filtered mateiial was 
slighth more toxic This diffcience could not be attributed to the presence of 
pyrrolidone carboxylic acid 

These data arc not Included in the present report 
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CVRBOMG ANU\DRASU VGl'mi\ IN SICKRE Cl LL ANEJII V, 
SICKLE CELL TR S.IT, VND ELRNICIOUS VNLJIIA 

lloak G Slunuuh . Pn D ‘WiluvmC Lv\i\, "IID, \nd 
'\Iu\ Llu-^ IUgi Miu B V 
G \i.NtjsroN, Tijvvs 


C VRBONIC mih\diit,c nii >.n/\mc fii-st iksciibiil M AUklium niul Rough 
ton' uul St ulii. uul 0 Bum is inistiit m tht ^.^\thuu^tls of homo 
thtiimo uunnls aiul iii tin gills of soiiu poll ilothiimii, oiiis^ It plus nil 
luipoitiut volo 111 tin ti iiispoit niul t.s.tliivligi, ol CO No sliiiliis liui hocu 
uportul piciioiish oil till piisLiui ol tuboiiit niiluiluist iii sitl It ctll 
niiimii, iltboiioli tills tiuMiio bis bmi miplit itul iii tin sitl liii^, phiiiomtiioii 
bi 'loiiiliiisoii mil (Tnob* Ihisi uitlioi's toiiiiil tbit ii isbiiig iiitbioiitis 
from pitiiiits with siikK nil iiioiiiii in siillimiii tiiiiiti timis ill iioimil 
siliiiL ilmost iihi ns iiiiiuiis tbiii iibiliti to iissumi siihliil lorms ill iioimiil 
siliin lliii sii^j,istiil tliiit till nuiltipli Miisbiiigs iimoii some substance, 
possibh tirboiiit milniUisc tin picsuni of iibiib is iiiiissui foi tbo pbcuome 
iiou ot sitUui, Aihlitioiiiil iMiliiiii loi tills InpotbcMs was pusciittJ bj tbt 
ilimoiistuitioii tbit iiitiiii I iiloiiii uilnili isi iiibibitoi's siub is ^iiii atttiito 
mil soiliuiii ti miilc 111 1 0111 1 lit rilioiis ot 1 1001 ) wbiii mliltd to osjsenntcil 
blooil pioliibit sullt nil foimiitioii lioi\i\ii otliii iiiiboiiii niilnili isi iii 
bibitors iinmilj suit miltiiimli mil iiiimoiiium tbioii imiti ^ no mtoiisisttiit 
results 

III tin prisiiit stuiliis tin ulitumsbip bitMini nuboiiii milniliise iiiiil 
tin snl liiio pbiiioiiieiiou mis iinistigiitnl In tin following minis ( 1 ) Tin 
i iibouii uiilniluisi loiitnit ol tin blooil of pitiiiits mtb snl li nil ainiimi mil 
with siiUt nil ti lit was tomiuiiiil with tint of iioiiiiil iiiiln liluiils Tbrte casis 
ol peimnous iiniiiii wiii miUiiliil foi lompiiisoii (d) Intbiontis iiom 
pitniits with tin siiblim tnnlnm win wiishiil iipi itiilh iii iioimal saline, 
until snl ling no lon^u oiiuunl tin ml blooil nil siispinsioii was then iiinilo 
up to its oii,,iiiil \olunii with watir anil 0^.1111 tistnl foi tin puseuce of 
i irbonn aiibjili isi Ihi salmi waslmigs also wue tistnl foi tbo pnatino ot 
luboiin mlniliasi (ol lln susnptiblo iiithioiatis win w isbeil npe itcdlj 
until siel hug no loii„ii oiiuiiid and i lonniiti itiil solution ot bumaii cai 
boiin aiilniliasi w is idilnl to ilttniniin wintbir suib addition iistoud tlie 
abilitj 01 tin nils to snl h 


M> rilODs 


Carbonio auh\dra c tlktiruiiuntioiis wtro mado b\ tUo colorimttnc method of Philpot 
lud riulpot 5 nnd inzMucj uuitn Mero «il uUted neeordiug to tins method i^cli dctcrmnvu 
tiou w m\do lu triplicate Oxnluted blood was u-ed tlirou^,hout \ppropnato dilutions 


From tlio iKiiartm nt ot N ur»-loR\ ant li,\chlatr> 
Tli^ D vurtm nt vf Intern it M U Ino and Iho lUmitoloc) lu 
of T i la. M die \l Bninth 

^ MtlM bi a trint frem tho \mcrl w CanCvr •^ocUti 
ronierat. 

Ue\ l\il for vmbUcatlon Jun 1 1919 


The Tls uo CviUuro 1-iboratori 
iirtli L-vbOi iliri Thei Unlvcralti 

v,l 1 \ idmlnlsteie 1 b> C, il 


UA9 
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were made of blood, except in those experiments in wluch ivashed cells iiere used 

Concentrated carbonic anlijdiase preparations i\ere made by treating the Hashed and 
hemolyzed red blood cells Hath a mixture of alcohol and chloroform and centrifuging off 
the precipitate The carbonic anhjdrase activity of the supernatant fluid nas about fitly 
times that of the nhole blood 


Txble I 


Carbo'^ic Anuidrise Coxtent ot Blood oi Nokhal Individuals and Those With 
Sickle Cell Aneviia, Sickle Cell Trut, and Pernicious Anemiv 


1 CARBONIC AXHVDRASE COXTENT OP BLOOD OP NORSIVL INDIVIDUALS 


DVTE 

SLBJECT 

RED BLOOD CELLS 
( MILLIONS/C MM ) 

HEMOGLOBIN 
(GM /lOO C C ) 

CVHBOMC 

AMIYDILVSE 
(EAZYME 
UMTS/C Mil ) 

1/7 

M J P 

4 57 

14 4 


1/7 

0 M 

5 09 

16 7 


1/7 

r R 

4 42 

12 7 


3/4 

B L 

4 92 

17 0 

840 

3/16 

T B 

5 82 

16 5 

814 

3/16 

P T 

5 7 

16 5 

1,3S0 

4/14 

L J 

42 

12 7 


4/18 

M S 

45 

13 0 


4/27 

S 

414 

12 7 

1,140 

Average 


4 81 

14 68 


2 carbonic VNHYDRASE content op blood op patients with sickle cell ANEMIA 





cvrbomo 





anuydilvse 



RED BLOOD cells 

HEMOGLOBIN 

(ENZYME 

DATE 

SUBJECT 

(MILLION S/C Mil ) 

(GM /lOO C C ) 

UNITS/C MM ) 

3/23 

A R 

2 41 

6 7 

"l70 

3/31 

W S 

417 

94 

692 

3/31 

M H P 

3 48 

94 


4/4 

P P 

2 87 


16Z 

4/7 

W B 



814 

4/27 

0 W 

2 27 


940 

Average 



89 

771 

Per cent of normal 

62 

60 

71 

^ C\RBOMC \MIYDR\Si- CO\Tt M OP BLOOD OF INDIVIDUALS WITH SICKLE CELLTttVll 





CVRBOMC 





vnhydpase 



RED BLOOD CEI LS 

HEMOGLOBIN 

(ENZYMF 

DVTE 

SUBJECT 

(MILIIONS/CMM ) 

(GM /lOO C C ) 

units/c mmJ 


1/7 

1/7 

1/7 

1/7 

d/d 

d/14 

d/27 


P 

J 

C 

E 

M 

G 

C 


3 58 
d51 

4 08 
4 55 
41 

3 66 

4 68 


11 3 

12 1 

12 7 
14 6 

13 2 
94 

14 0 


1,020 

1,020 

9S0 

1,060 

1200 

91)0 


\.ver ige 


4 76 


12 4 


Per cent of normal 


8b 


84 



r\RHOXln \X11XDRASE context op blood op INDIMDUUS with pern IC I0US_ ££2^L^^ 

^ c \RI10X IC 

ANUYDIUSE 
(IXZIME 

itxIT S/CMM 

flSO 
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Sickliug of cells w’is estinnteJ bj examining soiled wet ‘^meara of blood 'if ter meuba 
tion at room temperature for twent) four hours The erjthrocjtts were washed twtntj times 
with normal saline according to the technique de eribcd bj Tomhn‘<on and Jacob-* In certain 
instances cnrl)onie anhjdrasc w la added to whole blood and to cells washed five ten, fifteen 
and twcnt> times The amount of sickhii^ after such treatment was compared with that of 
untreated cells 


RESULTb 

III Table I is the eaiboiiic anhjdrase content of the blood of ludi 

Mduals mth sickle cell anemia and sickle cell trait as compared \\ith noiinal m 
di\iduals and three peisons with peinicious anemia In Table II these data 
are summaiized in the foim of ratios of caibome anhjdnse to led blood cell 
count and hemoglobin content These latios indicate that the carbonic an 
liydiase content of led blood cells ^\^th sickling capacity is as high as oi 


Table II Ratio of Bixiod C\bbomc Anh^dp^vse to Red Blood Cells and Hemoglobin 
OP Noumm Imjimduvls AbD Those With Sickle Cell Anemia Sickle Ceil Trait, 

\Ni> Pernicious Anemia 


NUMBER 

OP i 

PATIENTS i 

DUGVOSIS 

RATIO OP average 
CARBONIO ANHYDRASB 

TO AVER^AOB R B C 
COUNT 

R*VTIO OP AVERAGE 
r VRBON IC AN U\ DILASE 

TO AVER AGE HEMO 
GLOBIN concentration 

9 

Normal 

1 228 

1 74 

C 

Sickle cell anemia 

1 254 

1 87 

7 

Sickle cell trait 

1 223 

1 Sd 

3 

Ptmicious anemia 

1 549 

1 133 


blightlj higher thin that of noimil led blood cells In pernicious anemia, red 
blood cells contain much laigei quantities of caibonic aiihydnse, although 
onlj three cases of peinicious anemia weie studied the difference appears 
striking 

Table III summaiizes the data obtained by determining the carbonic 
anhjdiase content of cells with the sickling capacity Avashed twenty times 
in isotonic saline until sickling no longei occupied Ninety per cent of the 
carbonic anhydiase content of the oiiginal Avhole blood is present in these 
A\ ashed cells The saline ivashmoS contain only a trace of caiboiiic anh>drase, 
one determination of the carbonic anhjdrase actmtj of the plasma of these 
uashed cells is noted Pait of the caibonic anhjdrase lost bj Avashing is ap 
patently contained m the plasma where it doubtless appears because of hemol 
ysis 


Tvble in Carbonic Aniiydrasb Content op Red Blood Cells After Wasiiino 
Until Sickunc Capacity Is Removed 


PATIENT 

1 I 

1 
! 

DIAGNOSIS 1 

CARBONIC 

ANIIYDRASB 

WUOLE BLOOD 
(ENZY MF 

A NITS/C MM ) 

1 

CARBONIC 1 

ANUYDPJASE 
WVSUED CELLS ' 
(ENZYME ' 

ONITS/C MM ) 1 

CARBONIC 

ANUYDRASB 
SALINE 
\\ ASIIINGS 

CAFBONIO 
ANHYDRASE 
CONTENT OP 
PLASMA 
(ENZYME 
UMTS/C MM ) 

1 P 

Sickle cell anemia 


70S 

— 


0 W 

Sickle cell anemia 

940 

840 

Trace 


F C 

Sickle coll trait 

900 

840 

Trace 

76 

Avengo 

8*7 

796 
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Table IV illnstiates the results of adding conceiitiated eaibomc anhydiase 
solution to cells fioui which the sickling capacity has been lemovecl bj le 
peated washing in isotonic saline Such addition of caiboiiic anhjdiase docs 
not lestoie the sickling capacity of the cells 

T.vble IV Effect op Caebonic AnhydrjISe on thf Abiliti of Susceptible Celi^ to Sickli: 
After Multiple Washings With Isotonic Solution op Sodium Chioride 





! 

1 


PER CE\T 







sickling after 






PER CENT 

ADDITION 01 


i 

1 



SICKLING after 

CVRBONIC 




i 

PER CENT 

CONCENTRATED 

amiydrabe 

i 



NUMBER 1 

SICKLING OF 

CARBONIC 

diluted 1 10 

1 

1 

1 

OP 1 

UNTREATED 

ANHYDRASE 

WITH 0 85 % 

DATE 1 

PATIENT 1 

DIAGNOSIS 1 

WASHINGS 1 

CELLS 

ADDED 

NaCL 


2/11/49 AV B 


Sickle cell 
anemia 


0 

5 

10 

15 

20 


9 6 
0 
0 
0 
0 


16 

Ob 

00 

0 

0 


2/10/49 

P Sickle cell 

0 

82 8 


anemn 

5 

80 



10 

60 8 



15 

25 6 



20 

28 2 


85 2 
78 
0 

374 
17 4 


!/10/49 

A A Sickle cell 

0 

75 4 


auemn 

5 

0 



10 

0 



15 

0 



20 

0 


80 4 
0 
0 
0 
0 


2/18/49 R A Sickle cell 
aiiemn 


0 

5 

10 

15 

20 


92 2 
62 
12 2 
13 6 
13 0 


91 
77 3 
64 

IlcmoljzeJ 

Huiiol)zeil 


3/ 7/49 A R Sickle cell 
anemia 


0 

5 

10 

15 

20 


HemolyzeO 
10 
7 2 
13 6 
12 


15 6 

neniol^zeil 
39 
10 
30 2 


84 
13 8 
54 
10 8 
98 


DISCUSSION 

Oul lesults indicate that the loss of sickling capacity of led blood celh 
fioni patients ivith sickle cell anemia oi sickle cell tiait is not associate 
significant loss of caibonic anhydiase Aftei the completion of these 
nients theie appealed in Blood an editoiiai by Vallee and Altschulc 
to a senes of papeis in piess on caiboiiic anhydiase in anemia n 
itoiial and in an abstiact lecently published by Vallee^ a stiihmg n 
IS diawii between the eaibonic anhydiase content of led blood ee s r ^ 
patients with peinicious anemia and those fiom patients with 
anemias and fiom noimal indiMdudls Oiii findings indicate that b oo i 
sickle cell anemia and sickle cell tiait is siniilai to that of secondaiy 
this lespect In contiast, oui tliiee cases ot pernicious anemia haie 
latio of caiboiuc anhjdiase to led blood cells and hemoglobin compaie 
the noinial values 
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SUMMABi 

1 The c'libonie aiilij dr'iSsC content of red blood cells exhibiting the sicUiiig 
phenomenon coi responds to that of noimal led blood cells 

2 "Washing led blood cells of indu idnals with sickle cell anemia oi 
sickle cell trait ivith isotonic saline until sickling no longei occuis lesults in no 
significant loss of eaibomc anliydiase acti\ ity 

3 Addition of caibomc anliydiase to washed cells from which the sickling 
capacity has been lenioved does not lestore this capacity 

4 Carbonic auhydiase, undei conditions desciibed, has no effect on the 
sickling phenomenon 

5 Confirmatory evidence i$ presented that in pernicious anemia unit 
values of caibonie anil's drase in respect to red blood cell count and hemoglobin 
are about tivice those of normal indmduals 
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CLINICAL STUDIES ON THIOMERIN, A NEW lilERCURIAL DIURETIC 

Irvixg W AVinik, M D , and Ruth B Benedict, j\I D 
AVashington, D C 

S EVERAL effective meicuiial dimeties aie available and aie widely used at 
the piesent tune The intioduction of a new diiiietic can be justified oulj 
if it IS less toMC 01 moie effective, oi if it is moie convenient to use This lepoit 
concerns itself with the lesults of a study of a new ineiciiiial diuietic whose 
tOMCity and efficiency have been compared with those of seveial of the prep 
aiations in common usage The new mateiial is the disodiuni salt of N(ycai- 
boxymethyl meieaptomeieuii /I-methovy) piopyl camphoiamic acid (Tliio 
meiui) * It has the same oiganie-mereuiial stiuetuie as Meiciizanthm, with the 
theophylline leplaeed by sodium meicaptoaeetate Thiomenn is a white amoi 
phous powder which is supplied in vials containing 1 -I Gm of the compound 
The intioduetion of 10 c c of steiile watei into the vial lesults ni a solution 
containing the ecpiivalent of 0 040 6m of meicuiy pei cubic centimetei at a 
pH of about 7 5 

METHODS 

The method of study was similar to that employed bj DeGraffr Patients in congestiw 
heart failure and with considerable edema were digitalized and kept at bed rest on a rela 
tively salt pooi diet (approsmiately 3 grams of sodium chloride daily) There was no 
limitation of fluid intake Each patient’s weight was recorded daily at the bedside until 
there was no further weight loss over the comse of several days At this point the diuretic 
was administered Patients who were too ill to be weighed or whose weight might haw 
been affected by variation in dietary intake, vomiting, decrease in hyperthyroid state, or y 
factors other than edema were not included in this study Each patient’s urine was examine 
for abnormalities before and after the administration of the diuretic Injections of Tluomerin 
were given subcutaneously, except in two instances when it was administered mtravenou'- ' 
The injections of Mercuzanthin and of Salj rg in TheophvUme were giien intramuscularly 


RESULTS 


The diuietic effect of Thiomeiin m seventy tiials on thiity-si\ patients is 
uidieated in Fig 1 Theie was diuiesis lesulting in weight losses languig fro>n 
2 to 171/2 pounds This lange of iveight loss was loughly piopoitional to ta- 
amount of edema piesent In all the Tlnomeiin tiials (in which weight oss 
ivas studied) the average weight loss was 6 pounds and the median weight oss 
was 5 pounds, while somewhat less than 50 pei cent of mjeetions lesulte m 
weight loss between 3 and 4 pounds The diuietic eftect usually appealed 
seveial houis aftei the injection and lasted foi tw^enty-foui houis oi moie ^ 
duiation of action vaiied Usually it was ovei by the end of twentv-toui ioui> 
although m seieial patients it lasted foi thiee days A^aiiatiou in duiatiou o 


Municipal Hospital 

urom uie iieorge wasningion umiersitj jiuuiciii , 

mil the Department of Medicine George Washington UnUersitj School of 'icu T„corporiti') 
Supplies of Thiomerin and a grant-in-ald were given by Campbell Produc 
New York N Y 


Received for publication :Mai 24 1049 r(COO\a.) 

•Thiomerin lias the following structural formula C (CHi) 

CH CH CHCONHCH CHlOCHPCHiHgSCH COONa 
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action sometimes occurred in tlie same patient from one injection to the ne\t 
In no instance ^\as there anj evidence of any nephrotoxic effect From these 
results it can he seen that Tliiomeiin is an e&ectue diuretic 

The diuietic effect of Tliiomeim was nc\t compaied ^^lth that of U\o ^\ldelJ 
used mercuiial diuretics jMercuzaiithiu and Sal> rgan Thcophylhne Approxi 
niatelj the same amount of meicurj (0 04 Gm ) is present mice of all these 
preparations 

DIURETIC EFFECT OF THIOMERIN IN 70 TRIALS 



Fig 1 

As shown in Fig 2, nmeteen comparisons of the diuretic activity of Thio 
menn and Sal} igan Theophylline nere made in thirteen patients In se^en 
instances (37 per cent) the diuietic effect was the same In nine instances 
(47 pel cent) Thiomeiin produced a greater diuresis and m three instances 
(16 per cent) Sal} rgan Theoph}llin had a gieater effect The duration of 
diuretic action ^\as also noted for the tno drugs In six instances the Thiomenn 
induced diuresis ^\as more prolonged m U\o instances a more sustained effect 
uas induced h} Sal} rgan Theopln lime In Case 44 Thiomerm mduced diuresis 
in t^\o trials uas moie prolonged and greater than that obtained with Sal} rgan 
Theoph}lline This was true despite the fact that the Thiomenn was gi\en 
intra\ enously on one occasion and subcutaneously on the next 

The relatne diuretic action of Thiomenn and ilercuzanthm was obsened 
in ten comparisons on eioht patients In fi\e of these instances the diuresis 
obtained was the same in three it was greater with Thiomenn and m two it was 
greater with IMercuzanthm It also was noted that m thiee instances Thiomenn 
induced diuresis was slower and more prolonged 
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Toxicity — Uiinalyses befoie and af tei the admiiiistiatiou of Tiiionieiui (iiJ 
uot leveal evidence of lenal toxicity This was tine in a patient with cliioiiic 
glomeiiilonepliiitis as well as ui the patients with lieait disease of othei etiologj 

COMPARISONS OF DIURETIC EFFECT OF THIOMERIN, 
MERCUZANTHIN AND SALYRGAN -THEOPHYLLINE 

INDIVIDUAL CASES 
WEIGHT LOSS (LBS) 

0 2 4 6 8 10 12 14 16 18 



Since Tliionieiin is giien subcutaneously, local eftects weie 
Immediate leactions weie minimal They consisted of slight buinnia oi^^ 
mg at the site in ll pei cent of the injections A small numbei of pa 
had some aching oi local soieness lasting a few minutes to a few ajs 
a ceitain numbei of nodules or infiltiations were found to fo 
drug, it was decided to study this long-term phenomenon moie 
othei gioiip of patients While the eailj' pioduct, no longei 
tiired, caused appieciable incluiations in 12 pei cent of injections, 
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It 13 now being prepared gaie use to such infiltrations onlj four times (3 3 
per cent) lu a total of 121 injections These aieas, which were siinilai aftei 
both products, weie situated subcutaneously and could usually not be outlined 
cleaily since they faded mto the surioiuidiiig tissue Thej weie about % m 
to iy 2 m ui diametei, were up to % in in depth, weie occasionally attached to 
the skin, and weie only larely tender They cleaied up giadually m a period 
of two to five months Biopsies done on four of these infiltiations showed them 
to consist of areas of aseptic fat neeiosis In this last senes of 121 injections 
tliere weie also slv instances (5 pei cent) of local infiltiations so small that they 
would have been missed had they not been searched foi carefully 

DISCCSSION 

With the extensile use of meieuiial diuietics, a number of reports have 
appealed which emphasize fatal oi near fatal reactions fiom then intravenous 
use ^ * The possibility of such toxic reactions has been present regardless of 
the merounal preparation employed It is due to direct action on the heait with 
the production of disturbances m conduction and rhythm “ and in working 
capacitj ' A recent study m animals of the compaiative toxicity of the com 
moulv used meicurial diuretics and of Thiomerm has shown the latter to be 
160 to 200 times less toxic to the hcait “ No efteet was seen by electiocardiogram 
in anesthetized oats aftei a dose of 4 cc of Thiomerm pei kilogram, as com 
pared with 0 1 c c pei kilogram of other meicuiial diuretics If these results 
may be transposed to man this would compare a dose of 240 c c of Thiomerm 
to one of G e c of Meicuzanthm Salyrgau Theophylline, oi Jlercuhydrm Thus 
the danger of sudden cardiac death would seem to be practically elmimated 

Oui lesults confirm the findings of Boig and Ciaig' and Hermann and co 
workers'" " as to the efficacy of Thiomerm as a diuretic for subcutaneous ad 
ministration The diuiesis obtained by us following the subcutaneous m 
jection of Thiomeim was comparable with that obtained with equivalent amounts 
of Mercuzanthin and Salj rgan Theophj Ihuc gnea intiarauscularly In some 
patients it was a more effective diuretic The effect was more sustamed in a 
niiznbei of instances Tins may be related to the site of administration, al 
tliouji m one patient the mtravenous injection of Thiomeiin produced more 
sustained diuresis than did an intramusculai injection of Salyrgan Theophj lime 

BUMiimy 

1 The diuretic effectii eness of Thiomerm, a new mercurial compound 
winch IS repoited to be less toxic to the heart when administered mtravenouslj 
to eats has been investigated m man 

2 Thiomeiin was found to be an effective diuretic m seventy trials on 
thirty SIX patients 

3 The diuresis obtained aftei the subcutaneous injection of 2 c c of Tbio 
menu was comparable with or greater tlian that noted after the intramuscular 
use of cqunalent amounts of Meicuzanthm oi Siljngan Theophyllme m twenty 
nine comparative studies on twenty one patients In some patients the diuresis 
with Thiomeiin was more sustamed 
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4 No systemic toxic effects iveie noted Kidnej^ damagOj as 3 udged b\ urine 
examinations, did not oceiii 

5 Local leactions following tlie snbenlaneons use of Tliiomeiiii neie absent 
01 insignificant 96 7 pei cent of the time Thiee and tluee tenths pei cent ot 
injections neie followed by aniiojmg but seemingly haimless subcutaneous in 
filtiations of long duiation 
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LIM11ATI0N& AND MERHS OP A SINGLE SERUM SAMPLE 
ANALYSIS IN THE DIFFERENTIAL DIAGNOSIS OP 
JAUNDICE 

P IV HoFiBVUEK, M D , Lieuten VNT E D Ra-mes Medical CoRi s, Abma of 
THE United States • vnd J K MeinerTj B M 
Minnevpous, Minn 

INTRODUCTION 

P REVIOUS experiences in the employment of multiple biochemical proce 
dures to assaj liiei fnuction and to assist m detei mining the cause of jaun 
dice have been leported from this clinic* The differeutial diagnosis of 
jaundice is a pioblem that can be solved only by the exercise of soniid cluneal 
judgment at the patient s bedside Laboratoij studies are at best onlj aux 
iliarj aids to this pioblem Until ue possess specific biologic tests for the 
recognition of virus hepatitis the detection of this disorder depends chiefly 
upon inferences diawii from the history of the illness, the phjsical examina 
tion and the laboratoiy evidence of liver dysfunction Since we lack a non 
operative roentgenologic method of visualizing the cxtrabepatic biliarj tract 
in the jaundiced patient the diagnosis of obstiuction due to calculi, to tumors, 
or to stricture must similaily be based upon infeiences from such data 

In 1945 Schunumer Klotz Diekter and McGavack* described then exten 
sive experience with a fasting blood sample in the diffeiential diagnosis of 
jaundice Tliej pointed out the manv piactical advantages of this procedure 
The single specimen group of tests employed by these investigators included the 
icteric index, the van den Beigh reaction the cephalin cholesterol flocculation 
test, the serum alkalme phosphatase value the total and esterified serum choles 
terol, and the total serum proteins together with the albumin and globulin frac 
tiou The application of these tests to a wide variety of hepatic disorders by 
Schwimmer and associates levealcd that the composite test yielded results 
that were as delicate as accurate and as informative as those derived from 
the more elaborate tests of liver function 

Shay and Siplet* stated that a ‘ minimum jet adequate liver function 
study ’ maj be made in jaundice with the following tests (1) quantitative 
van den Beigh (2) stium cholesterol partition (3) serum alkaline phospha 
(ase, (4) thymol turbidity and (5) cephalin cholesterol flocculation Thev 
illustrated the merits of these tests when applied seiially to individual cases 
More receiitlj Poppei and Steigmami“ have evaluated the merits of these tests 
as well as others in cuireiit usage in 285 patients The initial series of liver 
function tests was taken into consideration in that study 
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The piesent study was made to test the aecmacy with which a gioup ot 
tests peifoimed on a si')}gle fasting seium sample can assist in the diffeieatml 
diagnosis in a jaundiced patient It is not oui contention that the analysis of a 
single specimen of seium fioni a jaundiced patient should he entiiely adequate 
Seiial obsei-satioiis aie eeitainly indicated and weie, m fact, earned out in the 
majoiJty of oui patients These often included tests othei than those to be dis 
eussed in this qiaper 


jUATEKLiLS AND SIETHODS 

In the selection of cases for the present study only instances of regurgitation jaun 
dice hare been chosen for analysis Instances of retention jaundice usually have other dis 
tinguishing features and seldom present the diagnostic problems that regurgitation jaiia 
dice does One hundred forty seven patients observed at the University of Minnesota Hoa 
pital uere included The following criteria were employed in the selection 

1 Piesence of jaundice The study has been linuted to instances in which the prompt 
direct reactmg component (1 min value) of the serum bilirubin was greater than 04 mg 
per 100 c e and the total bibrubin greater than 2 0 mg per 100 cubic centimeters 

3 Available data Evaluation has been limited to instances in wluch the following 
determinations were made on a single sample of serum secured m the fasting state hih 
rubin, total and esterifled cholesterol, alkaline piiosphatase, thymol turbidity, and cephahn 
cholesterol flocculation 

3 Proof of diagnosis Evaluation has been bmitefl to patients m whom the diagao is 
was established by operation, necropsy, or biopsy except in the cases of virus hepatitis 
where a climeal diagnosis was accepted despite lack of biopsy data A critical apprawal 
of the available clinical material was made and the selection was restricted to instances 
winch the course of the illness was believed to estabbsh the diagnosis bejond reasonable 
doubt 

Of the 147 patients, seventy seven had estrahepatic biliary obstruction and seient) 
suffered from parenchymal bver disease The former group included 

1 Twenty eight cases of carcinoma obstructing the bile ducts 

2 Thirty nine cases of common duct calculus 

3 Ten eases of stricture of the bile duets 

In each instance the diagnosis was verified by operation or bj necropsy 
Tlie group of cases of parenchymal jaundice included 

1 Twenty six cases of cirrhosis 

2 Thirty one cases of virus hepatitis 

3 Tlurteen cases of liver disease due to miscell incous causes ^ ^ 

The methods emplojed are bated in Table I In three cases (see Table ) 

one case (Table VII) the thymol turbidity was performed according to the 
adaptation of Duecim The upper limit however is the same as bj the Maelagan me 


Tvble I 


PKOCEDURE 

1 berum bibrubm 


2 Cephabn cholesterol 

flocculation 

3 Thj mol turbiditj 

4 Serum cholesterol (total) 
o Serum cholesterol 

(esterified fraetion) 

6 Alkabne phosphatase 


BlOCHEMIC.vn PitOCEDUKES 


METHOD 

MaUoy and Evelyn® as 
modified by Dueei and 
Watson' 

Hanger® 


Maelagan® 

SchoeSieuner and Sperryi® 
Schoenheimer and Sperrji® 

Bodanskjii 


Employed 



al, direct pto mdnoa) 

I) 10^ J t .f 

Lg" greater than H A 
hr may be comidaid 


0- 4 units , inf, , c 

180 -220 mg per ioyev 

50 - b3<fc of total 

1- 4 units per IP^ £i- 
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RESULTS 

Tlie values presented in Table II indicate the anticipated results if one iveie 
to assume that these proceduies would ahiays yield results of differential diag 
nostic -value The values gi\eu aie admittedly arbitrary It is -well known that 
certain cases of diffuse li\er disease exhibit functional changes that are very 
similar to those produced by mechanical obstruction of the extrahepatie bile 
ducts Such instances maj be eonsideied examples of cholangiolar dysfunction 
However, the majority of cases of hepatitis and cirrhosis might be expected to 
exhibit hepatocellular dysfunction and to confoim theiefore to anticipated re 
suits msofar as these tests aie conccined 

The actual values obtamed m the different types of jaundice aie given in 
Tables III to VIII The cases have been arranged in order of the increasmg 
duration of jaundice insofar as the duration could be ascertained from the his 
tory The numbers m italics in these tables indicate instances in which the 
actual results fail to conform with those listed in Table II as anticipated re- 
sults These data have been tabulated in Tabic IX 


Table H Akticipated Eesults ik BiocimmcAL Tests Employed in Present Study 


type op liver 

DISEASE 

CEPHALIN 
CHOLESTEROL 
(24 HR 
READING) 

1 THYMOL 

1 TURBIDITY 

I (MACLAOAN) 

TOTAL SEBUM 
OnOLESTEROL 

CHOLESTEROL 

ESTER 

(PERCENTAGE) 

ALKAT.INE 

PHOSPHATASE 

(BODANSKY) 

Extrahepatie 

obstnictioa 

1+ or below 

i0 - 4 units 

Above 225 
mg per 100 
e c 

Below 225 
mg per 100 
cc. 

lAbovo 50% 

Above 10 uzuts 

Parenchymal 

Uver 

disease 

Above If 

Above 4 units 

i 

Below 50% 

Below 10 units 


Bikinibin — In Tables III through VIII, the relationslup of the one minute 
serum bilirubin to tbe total has been computed as percentage The data for 
the serum bilirubin are presented in giaphic foim in Fig 1 where the cases 
are arranged in order of increasing duration of jaundice No consistent pat 
tern of behavior is disceiuable 

Cholesteiol — An analysis of Table IX leNeals that the total serum 
cholesterol was below 225 mg per 100 c c in twentj instances in the seventy 
seven cases of extrahepatie biliary obstruction Furthermore, the cholesterol 
esters constituted less than 50 per cent of the total m thirty four cases in this 
group The cholesterol estei fraction was below 50 per cent in twentj one of 
the twenty eight eases in the carcinoma gioup 

The cholesteiol levels failed to correspond with the anticipated results in 
twenty two of the se^enty cases of parcnehjmal Ii\er disease The thirty one 
cases of hepatitis included in these seventy cases repieseut a more homogene 
ous group Even so eleven of these thirU one patients had cholesterol levels 
greater than 225 mg per 100 cc at the time the multiple tests iveic perfoimed 
Nme of these eleven patients had ester fractions which compiiscd moie than 
So pel cent of the total cholesterol 
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Table VL Results in Cases op Parencu\ual Liver Disease Due to Cipehosis 


SINGLE SERUSI SAMPLE VNVL\SIS IN DUQNOSIS OF J VUNDICE 
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13j the method of DuccI 
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Quantitative Serum Bilirubin 



Diagnosis Carcinoma Common duct stone Stricture Cirrhosis Hepatitis Mac 


Fig 1 

The cholesteiol data aie aiianged in Fig 2 in the oidei of the duicatioii of 
jaundice 

Sei um Alkaline Phosphatase — The iCbults of the individual tests appeal lu 
Tables III thiough VIII The instances in vrhich the anticipated values were 
not obtained aie listed in Table IX It may be seen that the lesults were quite 
similar to those obtained with the cholesteiol determination The data aie pre 
sented graphically in Fig 3 in the oidei of the duration of jaundice 


Table IX NuiiBEp of Inst.vnces in Wuicn Aermu, Results Fuled to Comohm Mwa 

Anticip vted Results — 


TYPE OP DISEASE 
Corcinoma 
Common duct stone 
Common duct stricture 


Total 


Cirrhosis 
Hepatitis 
Miscellaneous 
hepatic disease 


Total 


NDUBER OF 
evSES 
28 
39 
10 


77 


20 

31 

13 


CEPIIAUN 

CnOLES 

TEFOL 


THYMOL 

TURBIDITY 



SEBUJI 

CnOLES 

TEROL 


CUOLES 

TEROL 

ESTEP 

(PEP 

CENT IGF) 
■ 21 
11 
1 


lLK.UJ''’r 

pHOS 

prriTisE 

j 

11 

1 









M»l<«qrQm5 per lOOcc. 
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Cephahu-Ckolestewl Flocc^lalwn Test -Foi tlie pu.pose ot Uua a„al,a 
on y the re.dms obtamed at twenty-font home has beeu constdeted altl«..l, 
both values ate picseated m Tables III tliiongh VIII The data fo. tl 
tnenty-fom hom leading have been aiianged aceoidmg to the duialiou at 

Cephalm Cholesterol 

Flocculation at 24 hours 



jaundice m Pig 4 Among the se\enty-seven cases ot e\tiahepatic biliiiij ob 
sti action theie ^^ele foiii instances in ivhich abnoiinal, and thoiefoie piesuni 
ably misleading, lesults weie obtained 

The two patients m the eaicinomatous obsti active giouj) (Cases 2 and a, 
Table III) both exhibited positive Ilangei tests eaily ni the couise of tlieir 
jaundice In Case 2, the patient, an 83-3'eai-oid woman, had jaundice due to a 
caicinoma of the gall bladdei Subsequent cephalui eholesteiol flocculation tests 
also weie positne icpeatedly^ The patient ot Case 5, a 56-jeai old man, prmed 
to have a eaicinoma of the panel eas with hepatic metastases Seiial deteminia 
tious neie not possible in this instance 

There iveie tno pioven instances of common duct stone obstiuetioii in nbnb 
the Hangei test was positne (Cases 38 and 50, Table IVl Jaundite asso- 
ciated with chills and fever had been picsent for seven dais in Case lOj 
week latei the cephalui eholesteiol was only a tiaee at 24 houis, and IboUr 




Single sebum simple vnilisis in dlionosiS of jvundice 
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jaundice had dimmished, the othei tests lemamed essentially uueliaiiged The 
presence of a positiie test in Case 59 was not suipiisiug since the patient had 
been jaundiced for sii. montlis 

There weie twenty foiii cases among the seienty examples of parenchymal 
livei disease in which the Ilangei test was negative This should occasion no 
surpnse since the group is a hetei ogeueous one, and save foi the thirty one 
cases of hepatitis, uiufoim resulfh would be unlihelj 


Thtjmol Turbrdity Reaction 



Thymol Turhtdity data lelatiiig to the thymol tuibiditj tost ob 
tamed fiom Tables III tluough VIII, aie aiiangtd graphically in Fig 5 accord 
mg to duration of jaundice Inspection of Table IX and Fig 5 ie\eals that tin 
test gave positue results ("values greatci tlian 4 units) lu foui cases of carci 
noma and one each in the patients inth calculus or stiicture 

Among tlie cases of cancel ous jaundice uitli abnonual thjiuol turbidity 
tests three patients (Cases 2 17 and 26) had values just sli^htlj aboie the 
level of 4 units uhich js taken as tlie duidmg hue Case 12 le^ealed a value 
of 9 units Oulj one patient in the group of calculus jaundice Jiad a %alue 
above 4 units This -was Case 52 with 5 units Similarly one patient (Case 75 
Table V) with a long standing stiicture of the bile duct ic\ealed a thjmol test 
of 6 units 

The seventy cases of parenchjinal livcx disease included twenty four in 
stances nl which the thjmol turbiditj test uas not elevated (Table IX) 

Multiple Tests — The piincipal purpose of this studj was to determine the 
niont of multiple laboratory tests that can be performed on a single sample of 
serum It is therefore nccessarj to analyze hiieflj how often certain combina 
tions of these proceduies gave misleading infoimation It is evident that the 
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d fteiential diagnostic value in this senes ot cases of legnigitatioii jaundice 


e + ^ fi action of the seiuin eholesteiol, when expiessed as pei cent of 

lllTh ’ f"" anticipated lesults in thuty-foin cases in the 

extiahepatic obstiuctive gioup In thnty-two cases in the paieneliyuial jauu 
ice gioup the value of the eholesteiol estei fiaction was gieatei than 50 per 
cent and may, theiefoie, be considered unexpected Because tlieie appealed 
0 e so much ovei lapping of values uiespective of what peiceiitage leiel i\as 
eiiosen, this paiticulai deteimination also mil be eliminated fiom the piesent 
discussion of multiple tests 


oui pioceduies the total eholesteiol, the alhalme phosphatase, the ceplia 
in c 0 estei ol flocculation, and the thymol tuibidity — lemain then foi com 
parison This compaiison can best be made b;y examining the cases accoiding 
to the established diagnoses 


Catcinoma Results opposite to those anticipated iveie encountered lu 
two cases, two of the foui tests proved to be misleading Case 2, ui iihich 
oth the cephalin-eholesteiol and the thymol test weie positive, has been dis 
cussed pieviously The results were consistent on repeated examinations dur 
mg the foity-five daj's that the patient smvived This was tlie only case m the 
group of seventy-seven suigical patients in which both the cephalin eholesteiol 
and the thjmol turbidity weie sunultaneouslj’ positive and theiebv misleading 
Case 5 also has been discussed previously In that instance the ceplialiii 
eholesteiol flocculation I'alue at 24 houis was 2 plus and the total eholesteiol 
was only 198 mg pel 100 cubic centimeteis Only one set of deteimmatioib 
■nas made in this patient 


R Common Duct Stone In one patient (Case 59) in this gioup, three ot 
the four tests undei discussion iieie misleading This eldeily mail had been 
jaundiced foi six months The total cholesterol was only 138 mg pei 100 c c , 
the eeplialm-cholestei ol reading was 2 plus, and the alkaline phosphatase itdiie 
was 9 Bodanski units Obsti notion to bile outflow was piesumabJj high grade 
since the total seium bilirubin at this time was 9 9 mg pei 100 cubic centi 
meteis The fecal iiiobilinogen was not deteimiued, but tlie pieseiice of m 
Cl eased uiobilmogen in the mine indicated incomplete obsti action 

In SIX cases m this gioup, ti\o ot the foiu tests failed to conloiin to the 
expected lesiilts In each of these six instances (Cases 30, 32, 34, lO, 43, and 
66) the total cholesterol ranged fiom 100 to 164 mg pei 100 ce and the alka 
line phosphatase vas not eleiated aboie 10 Bodansk> units The negatue 
flocculation and tuibidity tests in these instances weie thus most helpful from 
the difiieiential diagnostic standpoint 

C St)ictu)c 111 no instance ni these ten cases iias moic tliaii one ol t"- 
four tests incoiiect in any one patient i 

D Cii) hosts The lesults listed m Table IX indicate that the mdiMdin 
tests weie tieriuentlj misleading ni the twenty six eases of ciiihosis b' 
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98 all four of tlie piocedures under discussion yielded results that were mis 
leading as judged bj tbe arbitrary standards This patient did ha\e a cir 
rliosis as pro^ed by the suigical biopsv spccunen The patency of the bile duct 
\\as estabbshed bj cholangiogiaphj at the tune of surgeiv The patient was 
belie\ed to lepiescnt an example of cholaiigiohtic ciiihosis“ Further eMdence 
of the regurgitation of bile was the derated blood bile acid patient, 3 8, con 
trol 0 7 mg per 100 c c as determined bj the method of Josephson 

Four cases (Cases 93 95 97 and 99) gave lesults that were misleading 
with three of the four tests These results weie particulailj disturbing in Cases 
95 and 99 because both the thjniol turbiditr and the cephalin cholesterol tests 
ga\e normal ralues and the phosphatase lerels weie high Both patients weic 
middle aged women with jaundice of long standing and cirrhosis of unknown 
etiologj The pateiioj of the bile ducts r\as established in each instance by 
subsequent esploiatorj opeiation The cinhotic process was not due to biliarj 
stricture oi ascending eliolangitis so fai as could be deteimmed In tlie re 
leniaming two instances (Cases 93 and 97) the tlumol turbiditj alone behaved 
in the expected fashion Neciopsr perfonned in Case 93 rerealed a fineh 
nodular 2 625 gram Ii\ei that was classified as a portal cmhosis of the Laennec 
type bj the pathologist The bile ducts were patent the gall bladder had been 
previously remored suigiealK In Case 97 the patient had had jaundice and 
pruritus of six years A biopsy diagnosis of ciirhosis had been made preriously 
and the patency of the bile duct established by operation Although the 
cholesterol and phospliataso \alues weie not remarkably ele\ated the blood 
bile salt level was (patient 41 contiol 0 7 mg per 100 ec ) Clinically this 
patient also was belle^ed to lepiesent an instance of choangiobtic cirrhosis 
In ten cases in the cirrhotic group two of the four tests proved to be mis 
leading In two of these Cases 79 and 82 this was especially serious in that 
both the thymol tuibidity and tJie cephaJin cliolesterol tests ga've negative re 
suits Thus biochemically they eloseh resembled tbe pieMously mentioned six 
cases of common duct stone that failed to show tlie expected elevations of 
cholesterol and phosphatase The othei ciglit cases were characterized mainly 
b\ misleading ele^atlons of tbe cliolesteiol or phosphatase (Table VI) 

E Hepatitis The figuies listed in Table IX sho^^ considerable deviation 
from the anticipated results in the thirty one cases of hepatitis The results 
are slightly superior to those obtained in cirihosis howe^er possibly because this 
IS a more homogeneous group The criticism may be made that we have em 
ployed certain biochemical tests to establish a diagnosis of hepatitis and then 
ha\e pioceeded to use tins diagnosis to demonstrate the yalue of the tests This 
weal ness in such a study is appreciated but in the absence of any specific bio 
IOqIC tests foi virus hepatitis all such diagnoses m the absence of a biopsy 
niust be based on clinical featuies and course 

In two cases in tins group the results of tliese four tests Mere quite mis 
leading m that thiec of the foni procedures gaye lesults more lu keeping yvith 
the arbitrary standards listed foi extrahepatic obstiuetion Case 108 (Table 
Vri) failed at any time to show a positiye result by either the Haugei or the 



1274 


HOFFBAUER, BAMES, AND MEINERT 


Maclagau tests aud the initial eliolcsteiol level was 230, seiial obseivatioih 
showed a use to 398 mg pei 100 cc aud an eventual decline to 225 Yet, the 
clinical couise appealed to leave little doubt that the jaundice was due to 
hepatitis Complete leeoveij’’ ensued attei a thiee-w'eek illness, subsequent 
examination by cholecystogiaphy levealed a noimally functioiimg gall bladdei 
Case 129 (Table VII) was veiy similai in legaid to these tests The patient 
was followed by seiial tests at inteivals of one week The tests peifoimed dui 
mg the fifth and sixth weeks levealed total seiuin bilirubin levels of 2 6 and 1 5 
mg pei 100 cc lespectively On these tw'o occasions only, the cephahn 
cholesteiol test was 2 plus aud the thymol test 6 units Subsequent lalues 
weie again noinial and complete clinical lecoveiy ensued 

In SIX of the eases of hepatitis, two of the foui piocediiies gave mislead 
ing lesults In tliiee of these (Cases 112, 116, and 124) the cholesteiol and the 
phosphatase weie elevated lathei than noimal oi deeieased as might be ex 
pected in hepatitis, the abnoimal tuibidity and flocculation tests w’Cie there 
foie of consideiable diagnostic value in these two instances Cases 131 and 
134 failed to demousti ate cephalin-cholestei ol values gi eatei than 1 plus at 24 
houis and the total cholesteiol values weie highei than might be anticipated 
in hepatitis The thymol tuibidity value was only 2 units and the alkaline 
phosphatase level wms 11 Bodansky units in Case 104 

F Miscellaneous Hepatic Disease This small gioup of thiiteen patientis 
has been included in this study chiefly because thej’’ had siifSeient eleiatioii of 
the seiuni biliiubin to coufoiiu with the ciiteiia pieviously listed and because 
the tests undei consideiation weie peifoinied simultaneously In geiieial, the 
clinical natuie of then illnesses wms such that tests of livei function weie not 
emploj-ed paiticulaily foi diftei ential diagnosis If judged aibitiaiilv, how 
exei, the lesults of the tests weie misleading in most instances The serum 
cholesteiol showed to best adxantage in this gioup The low' value in Case 147 
was paiticulailj striking At neciopsy, this 27-j ear-old w'oinan was iound to 
have a maikedly fattx lisei as a complication of severe and nitiactable iilcera 
tive colitis ot three months’ duiatiou 


DISCUSSION 


The purpose of this stiidv was to evaluate the nieiits ot what has beti 


termed a “minimal jet adequate’’ progiain of luei function studies ni 

, . , - „ _ . , .1 li.is been 


difieiential diagnosis of jaundice^ For this analjsis, the piogiam 


has heel 


minimal smee onlj' the initial single set of deter miuations obtaniei m e 
patient has been exaluated The limitations and merits of the indni ua 
have been so frequently and thoroughly discussed in cm i cut 
no attempt xvill be made to review that aspect heie The gioup o es 
ploj'cd ui this studx can be peifoimed on a single sample of serum 
nicallj' represent pioeediiies that aie well within the langc of a modtin ^ 
labor atoiy The meiits ot these piocediues in difieiential diagnosis la 
subjected to ciitical testing on the basis of lathei arbitral v stand iris 
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The quantitative van deu Bergh reaction when used as a means of determin 
lug the bilirubin content of the seium has much to lecommend it The very 
real clinical value of the test in diffeieutiatmg retention and regurgitation 
jaundice has been mentioned Halloj and Exeljoi^® indicated that the quantita 
live van den Bergh did >ield results that -vrould permit the differentiation of 
the various forms of regurgitation jaundice a view shared by Meakms 
Ducci'® indicated on the basis of his extensile expeiience in 1,770 cases, that 
the percentage of the prompt direct leading bilirubin bore some relationship 
to the type of jaundice In hepatoceilulai jaimdioe he observed the value to he 
‘^over oO per cent,** m incomplete obstiuctive posthepatio jaundice, '^generally 
over 60 pei cent,” and in complete obstructive posthepatic jaundice, ‘ generally 
o^er 70 per cent ’ In the present small senes of cases the lelatioiiship of the 
degree of bihary obstruction to the behavioi of the serum bilirubin has not 
been studied It is apparent from Fig 1 that the levels of the one minute 
and the total bihrubm and the percentage relationship -were too variable to have 
diagnostic significance 

The serum cholesterol levels and particularly the level of the cholesterol 
ester in the jaundiced patient have long been employed to good advantage We 
have been repeatedly impressed with the merit of semi determinations of the 
total and estenfied cholesteiol in evaluating the seventy of hvei damage The 
occurrence of lou values for the total serum cholesterol in jaundice usually 
indicates severe hepatocellular dvsfunction This is particularly true when 
there is an associated sharp reduction m the concentiatjon of the estenfied frac 
tion**“ The results obtained m the tnentj eight cases ot jaundice due to 
cancer mdieate that the cholesteial ester fraction did not inerease to the same 
degree as did the free form In four of the cases (Table III) the total choles 
terol was greater than 225 mg per 100 cc and the ester fraction comprised 
more than 50 per cent lu nineteen of the cases, though the total cholesterol 
exceeded 225 mg per 100 c c , the ester fraction was below 50 per cent In 
nine of these nineteen cases the absolute value for the ester was below 100 mg 
per 100 cubic centimeters 

lu the instances of calculus jaundice (Table IV) twenty of the thiitj nine 
patients exhibited total diolesterol values greater than 225 mg pei 100 cc 
and estenfied fractions greater than 50 per cent Seven of these had total 
cholesterol values greater than 22*5 mg per 100 cc with less than 50 per cent 
estenfied However in onlj two of these cases was the absolute value for tlie 
ester below 100 mg per 100 cubic centimeters 

On the basis of this limited number of cases it might be suggested that this 
difference of behavior of the seium cholesteiol ester m cancerous and calculus 
jaundice has some diagnostic significance It should be noted tint Epstem and 
Greenspan'® found elevated cholesterol ester levels as well as elevated total 
cholesterol levels in 75 per cent of their fiftv two cases of jaundice due to cancer, 
a finding at variance with eailiei reports*' Beduced seium cholesteiol ester 
percentages ni jaundice due to cancer have been lecoided bj otheis ® This 
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aud othei aspects of the seium cholesteiol behavioi lu javmdice do not warrant 
undue emphasis, howevei Siiell-^ has indicated the difficulties eiicounteied m 
attemping such coi relations 

The vaiiations of the seiuiu alkaline phosphatase activity in jaundice have 
been utibzed foi diagnostic pni poses since 1933 -'’ Gutman and associates' 
lepoited that the majoiity (appioxiiuately 90 per cent) of eases of estiahepatie 
biliaiy obstinetion had levels of alkaline phosphatase activity gi eater than 
10 Bodansky units In many cases of diftuse livmi damage, the alkaline plios 
phatase failed to exceed 10 Bodansky units The diagnostic meiits of corabiii 
mg the phosphatase detei mination with the cephalm-eliolesteiol tloLculatioii 
test'® 01 with the thjmol tuibiditj test"® hav'e been desciibed The results of 
the piesent study are m agieemeut with the observations®' that tlieic is better 
correlation of elevated alkaline phosphatase nr jamidice due to cancel than in 
that due to calculus obstiuction (Table IX) The fact that certain eases or 
diffuse livei damage have phosphatase values gieatei than 10 BodaiisKj miits is 
also well leeoguized®® The lesults shown in Table IX and in Pig 3 beai this 
out 

The piesent study indicates that the cephalm-cholesteiol and tbvniol tur 
bidity tests, when considered together, were seldom misleading in the suroica 
cases In only one instance m the seventy-seven cases of extiahepatio o s me 
tion (Case 2) were both tests simultaneously positive on this single evaiuina 
tion The opposite aspect, that is the failuie of the tests to exhi it 
reactions in the presence of parenchymal liver disorders, is more 
The two instances in the hepatitis group in which both tests weie 
(Cases 108 and 129) have received comment There were five sue i ms 
in the ciiihotic group aud seven in the miscellaneous group 

It seems apparent from recent observations that the zinc turbidity 
KrmkeP® yields fewer false positive reactions m cases of extiahepa m ^ 
obstraction than does the thvmol turbidity As Popper and associa es 
obseiwed, the znre tuibiditv test will likely prove to be of additiona ai 
laboratory diagnosis of jaundice , 

In summary, it may be stated that certain characteristic 
sponses do occur fairly uniformly as the result of hepatic disease aw 
obstnrction Most cases of extiahepatic bile duct obstruction e i 
cholesterol and alkaline phosphatase levels aud have normal of 

thvmol turbidity aud the cephalin-cholesteiol flocculation tests ^ oppos'k’ 
jaundice due to diftuse liv ei disease exhibit biochemical changes o^^^ (pertain 
nature, consequently such tests have difterential diagnostic v a 
cases of parenehjmal liver disease cxliibit changes that ^ jjpgpjiata^c 
seen in extiahepatic obstruction, le deviated cholestero ^ Tlib 

values and normal responses to flocculation and tiubiditj (ji/Ttr 

constitutes a limitation of the use of so called tests of liver patlioliV’'' 

ential diagnosis that must be accepted It is a reflection o a m'' 

phenomenon the diftuse liver damage existing in hepatitis an 
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manifest itself A\ith varying einiiliasis on liepatocellulai oi ciiohngiolar fuuc 
tional impairmtut HepatoeelJiilai functional impaiinient maj be regarded a* 
the classical type and the lesultant biochemical changes aie quite chaiacteiistic 
and leadily recognizable When cholangiolar functional impaiiauent pre 
dominates in cases of hepatitis and eirihosis, tlie lesults of the tests undei dis 
cussiou ma;y prove misleading xnsofai as diffeiential diagnosis is concenied 


CONCLUSIONS 

1 The results of fi\e biochemical piocedures (bihiubm^ cholesterol, phos 
phatase, cephalin cholesterol flocculation and thjmol turbiditj ) applicable to 
a single sample of seium have been analyzed as to their lespectne merit in the 
diifeiential diagnosis of jaundice 

2 The lesuIts in seAeutj se\eu patients AMth jaundice due to extiahepatic 
biliary obstiuctioii ha\e been eontiasted with those obtained in se^entj patients 
Avith jaundice due to paieuchjmal h\ei disease 

3 The results of these tests in jaundice due to extiahepatic obstiuction 
were fairly umfoim, ncAertheless dcMatiou fiom the anticipated lesults in t\Ao 
or moie of the tests occiuied in ten instances 

4 The results of tliese tests in jaundice due to parenchymal Jivei disease 
Avere vaiiable Thej uere adequate from a diagnostic stnndponit in the cases 
Avhere hepatocellulai disfunction piedomniated In a significant number of 
cases, cholangiolar disfunction appaieutly predominated and the results of the 
tests resembled those seen in evtiabepatic biliao obstruction 
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EFFECT OP EPINEPHEINE ON VITAJXIN A AND GLUCOSE 
BLOOD LEVELS IN NORIIAL AND CIRRHOTIC SUBJECTS 

Robert W Hillm vn, JI D 
New York, N Y 

T he role of the liver lu the regulatiou of the blood plasma vitamin A level 
IS poorly understood Although accoided diagnostic significance in hepatic 
disorders, the plasma concentration does not necessarily reflect the vitamm A 
concentration in liver tissue '■ ° On diets restricted m vitanini A the blood eon 
tent ordinardy is maintained vnthin the normal lange viitiially to the point 
of full tissue depletion Moreover although 96 per cent of the body’s vitamin 
A 13 stored in the liver, the recent work of Sexton and co woikers” suggests 
that this organ maj not be, as was hitheito generally believed, the prmcipal 
site of conversion from the carotene piecuisor 

Hepatic diseases, however are often associated with lowered blood vitamin 
A levels This occurs m eiirhosis in which the vitamin A content of the 
liver 13 greatly reduced ” ” The low plasma levels m cirrhosis might reflect 
an mability to mobihze the v itamin because of decreased body stores 

Young and Wald’' noted an increase in the blood vitamm A level of labbits 
following epinephrine injection Observations made m this laboratory indicated 
that the same phenomenon often occurs m normal human subjects * This 
phenomenon was utilized in the picsent investigation to study the mobilization 
of vitamin A m patients with ciiThosis The blood glucose lesponse to epme 
phrme, which is thought to be a measure of hepatic glycogenolysis’" and may 
be otherwise related to vitamm A metabolism,’ = ■« “ i = was determmed 
simultaneously 

VI VTEBI VE VND METHODS 

Studies were made m twelve patients with cirrhosis of the liver and tweaty two control 
subjects, in. two of whom tho procedure was repeated Two of the twelve cirrhotic subjects 
had complicating diabetes mellitus and one (with pronous jaundice but no clinical diabetes) 
was discovered at autopsy to have hemochromatosis The control group — recruited from non 
cirrhotic patients staff members and medical students — included ten persons with completely 
normal liver function studies and twelve without clinical evidence of hepatic disease but with 
one or more often transitory, abnormal function tests One of each of theso groups was 
diabetic 

The patients with cirrhosis were on a standard high protein, high calorie diet 23 Ex 
ccpt for appropriate diabetic regimens in two cases there was no regulation of food intake 
among the control subjects 

Tho test was performed m tho fasting state and consisted of tho intramuscular injection 
of epinephrine (0 6 c c of a 1 1 000 solution) Samples of venous bloodf were taken before 
and at one half one and two hour intervals after the injection Plasma vitamm V (and 
carotene) levels were determined by the method of Kimble 2 * employing tho Carr Price re 
action. Blood sugar concentrations were niea*iureJ by a modified Benedict procedure 2 

From the Researcli Service First (Columbia) PIvislon Goltluater Memorial HospltaL 
Received for publication June - 1910 

. The reciprocal phenomenon Ic a decrease In the plasma vitamin level likewise has 
Deen observed following Injection of an epinephrine antagonist insulin and, on occasion follow 
ing the Injection of glucose alone 

ISInjultaneous determinations hove shown es ent! ill> parallel changes in arterial and 
Venous blood plasma vitamin V levels 
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RESULTS 

Eesults aie shown m Table I 

Following adrainistxation of epineplnme, the ma\imum vaiiation in the 
cluection of initial change is leeoided in teinis of peicentage of the preinoection 
level of each constituent nieasuied In the case of Mtamm A an ineiease of 5 
pel cent oi move is aibitidiily legaided as significant, le a positive test A 

Table I Blood Vitamin A, C/1Roteae, asd SugiVP Levels Folloming the Intramuscuiar 
Injection op Epinephrine in Patients With Cirrhosis op the Liver (With 
Mein Values for the Cirrhosis and Control Groups) 


blood LEIEI SlECIlIEN 
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blood sugar elevation of 30 per cent above the fasting figure is legarded as 
normal — viituallj the same value as that generally accepted for the response to 
epiiiephiine ” 

In five of twelve (42 per cent) determinations in the ciiihotic gioup and 
in ten of twentj foui (42 per cent) in the control group theie was a significant 
niciease in plasma vitamin A aftei injection of cpinephiine Anions the twelve 
patients with eirihosis onl} one showed a significant increase in both plasma 
vitamin A and blood sugai levels The vitamin A level alone rose in four others, 
while a normal blood sugai elevation oeeuricd in four without a positive vitanun 
A change Three individuals showed no significant positive shift m either con 
stitueut 

Of the coiitiol subjects eight yielded a use in both blood ntaiiiin A and 
sugai levels, two an elevation m the vitamin A alone eleven, in the sugai 
alone, and thiee, in neithei substance 

Six patients with eirihosis and seven of the coiitiol gioup showed decreased 
vitamin A levels aftei injection of cpmepliiinc 

Blood plasma carotene levels messured as a necosssi'j pait of the Kimble 
piocedme, showed no consistent changes iii cithei gioup and served as a cheek 
on possible eiiors due to fault} sampling oi vaiiations in blood volume 

Theie was no appaiont con elation between the initial blood concentration 
and the magnitude of the individual response Hovvevei, the most pionounoed 
reductions in vitamm A levels weic exhibited among individuals inth low fast 
mg levels 

Of the two coutiol subjects in whom the test was perfoimed twice one ex 
hibited a rise in vitamin A and blood sugai on both occasions and the otbei 
showed a vitamin A use in one and a blood sugar iiici ease in both instances 

DISCUSSION 

The plasma vitamin A lesponse to the mjection of epineplume is apparently 
a vaiiable one While approMinatclj 42 pei cent of individuals exhibit an ar 
bitranlv significant incxease in plasma vitamin A concentiation, the majoiity 
show a tieiid in that diiection and only -i few undergo a deciease of comparable 
magnitude Since an elevation of plasma vitamin A level occuis with vuitually 
the same fiequenc} among patients with eirihosis as among uoimal coiitiols the 
response to injected epmephiine in the dose emplojed cannot be used as a test 
of hepatic function Moreover the ficijnent failure of control subjects to demon 
stiate the so called normal mobilization of blood sugai following injection of 
cpinephiine'" casts doubt on the vabditv of this test as well This finding is 
at variance with the opinion rccenti} expressed by luiisell and associates"® 

Probably most significant is the demonstiation that blood plasma vitanun A 
levels evidently aie not a reliable index of bod} stoies since individuals with 
abnorniall} low levels ina} show an increase m the concentration of this sub 
stance in i espouse to injections of epmephrme 



1282 


HILLMAN 


SUMMARY 

Plasma vitamin A anti blood sugai i espouses to injection of epmephme 
weie deteimined in twelve patients witli cuilvosis of the liver and in twenty 
two contiol subjects 

A significant inciease in plasma vitamin A concentration was observed in 
42 pei cent of each gioup Theie was no apparent eon elation between initial 
levels and tlie magnitude of the vitamin A lesponses Low fastmg coneentra 
tions did not jiieeliide a significant inciease in plasma vitamin A There was no 
con elation between tlie i espouses of blood vitamin A and blood sugai to epine 
plinne admimstiation 

The plasma vitamin A response to epmephime injection does not appeal 
to be a valid test of hepatic function 
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INTESTINAL PARASITISM IN AMERICAN TROOPS IN OERMANY 

Relation to Transmission of Virvl Hepatitis 

PaulL Burlingame, Ph D and Horace T Gardner, MDt 
With the Technic al Assistance op Guenther Resemann, 
Corporal Jack Cranaier, and Eleonore Vollmer 

T he epidemiology of the sporadic, endemic hepatitis now oecuiiing lu 
Geimany among Ameiican Occupation Tioops is not cleai, and it is iiiipos 
sible, m the absence of pieeise laboiatoiy methods, to distinguish clinically 
homologous seiiim jaimdiee {SH)| fiom infectious hepatitis (IH) As the 
mamiei of spiead of the two infectious agents is diiieient, with consequent 
diffeienee in methods of pievention and contiol, it is impoitant to determine 
which agent is the piedoniinaiit one in Geimany 

It has been shown definitely' that the oial-intestuial loute may be used to 
infect human volunteeis ivitii the agent of infectious hepatitis (wins IH), by 
Voegt," by MacGalluni and Biadley,* and by Havens and co-workeis * Whether 
theie aie other routes ivheieby the disease could spiead naturally is not known 
On the othei hand, the viius SH of “homologous seiuin hepatitis” has not been 
tiansmitted by the oial route — with two possible evceptions”’ ’’ which Aiieiican 
woikers®’ have been unable to confiim It was thought that at least a 
partial idea of the amount of fecal contamination in the food of soldier’s iWh 
hepatitis might be gamed by surveying the amount of mtestmal paiasitism 
present among them and by eomiiaimg the findings with those of soldieis m 
othei Aimy hospitals who did not hai'C hepatitis, with piesiimabN healt y 
soldieis, and with the indigenous German personnel emidoyed in Amy messes 
Although as an oblique stucly^ of one facet of the epidemiological pio em 
involved, no significant mfoimation was acquiied, the findings of ividespma 
intestinal parasitism in Ameiican tioops in Geimany seems ivoith lepoitmo 
call attention to the higli incidence of paiasitism in aU groups stndiei 


M vterials and methods 

At the Hepatitis Eesearcli Center, 220 patients mtli hepatitis vere 
patients nere in all stages of the disease, from the acute period to convalescence 
agnosis of hepatitis had been established by the history, the appearance of ic 
function, tests Patients nith carbon tetrachloride poisoning inth icterus had 

the series, as nere patients in whom the diagnosis iias doubtful or in whom 
been determined to result from cholelitJiiasis 


Prom the Hepatitis Research Center ISOtli Station Hospital and the 4tli Me 
torj European Command United States Arm> Klckettsial 

This studi was conducted m cooperation with the J'b^eneral Unlt^ 

Hiseases o£ the Arraj Epidemiological Board Office of The Surgeon u jjoies Tlie Cy 
Army AVashington DC with the approval and interest of Mai of the 4ti> Med 

Surgeon EUCOM and Lt Col Carl V Lind MC Commanding unw-ei 
Laboratorj to whom appreciation Is expressed r d at Bulletin Et/CO-U- 

A prelimlnarj report of some of this work has appeared in the Me ic 
Received for publication June 14 1949 , 

*4th Medical laboratorj United States Army EUCOM j of Medicine 

tNow at the Section of Prevents e Medicine Tale Universitj ei 
Haven Conn smate homolosona 

tTho terms SH and IH have been suggested by Neefe' to desigi 
Jaundice and infectious hepatitis respectively 
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As a comparable lio<»pital population, the EXJCOM Orthopedic Center (to which, as to 
the Hepatitis Center, patients are sent from all parts of Germany and Austria) was selected, 
and 116 orthopedic patients without hepatitis were examined In addition, a survey of 138 
patients on all services in the 279th Station Hospital m Bcrbn (excluding those with hepatitis 
awaiting shipment to the Hepatitis Center) was made This hospital was selected because it 
receives patients clueflj from the Berlin area where the rate of hepatitis is somewhat higher 
than in the remainder of Germain and is, furthermore, not in a highly endemic area for 
my particular parasite while the Orthopedic Center was at Stuttgart where there is a high 
mcidence of ascariasis among the indigenous pouulation The incidence of intestinal protozoa 
13 quite uniform tliroughout the American Zone of Occupation In addition, 190 presumablj 
healthy soldiers from the hospital in Berlin were examined At the same time parasitological 
examinations on the stools of 213 indigenous personnel* emplojed in the hospitals were made, 
results of which have been combined with the findings on previous surveys (July, 1947, to 
April 1948) of 1 492 indigenous mesa personnel from various Army installations all over 
Germany iVltogether a total of 6441 militnryt and 1705 indigenous personnel are herewith 
reported The composition of the groups eximnned and the findings are given m Table I 


Table I Incidence op Parasitism in American and Indigenous Personnel in the 
American Zone OF OccLpvTiON Germany 


GROUPS SURVEYED 

1 

1 


1 

3 

■1 


5 

DATE OF SURVFY ' 

X0\ 194" ' 

APR 1948 

JAN 1048 ' 

AI[t,]PJ8 

1 

JUL 1946 
APR 1948 


212 ' 

in 

134 1 

187 

G44 1 



I^Qdamocba 

35 (107o) 

12 (11%,) 

13 (107c) 

14 (7%.) 

74t(ll%) 


histolytica 

■bindamoeba coU 

38 (18%) 

32 (29%) 

27 (20%) 

43 (23%) 

140 (227o) 

44% 

Sndolimax nana 

81 (3S%) 

49 (44%) 

32 ( 247c) 

39 (21%,) 

201 (31%) 

37% 

lodamoeba buetschlii 

21 (10%) 

4 (4%) 

6 (47c) 

8 (4%) 

39 (6%) 

11%, 

Dientamoeba fragihs 

3 (1%) 

8 (8%) 

0 (0%) 

10 (5%,) 

22 (3%,) 

5%. 

Giardia larabha 

1(3 (8%) 

lo (14%) 

14 (10%) 

12 (arc) 

57 (9%) 

8% 

Clulomaatix mesnili 

6 (3%) 

2 (2%) 

3 (27c) 

1 (0 5%) 

12 (2%) 

3% 

Ascaris lumbncoides 

2 (1%) 

2 (2%) 

1 (1%) 

2 (1%) 

7 (1%,) 

10%, 

Trichocephalus 

2 (1%) 

2 (2%) 

2 (1%) 

0 (0%) 

6 (1%) 

117c 

trichmra 

Enterobius 

4 (2%) 

1 (1%) 

3 (2%,) 

0 (0%) 

8 (1%,) 

37o 

vermicularis 

Hjraenolepis nana 

0 (0%) 

1 (1%) 

0(0%) 

0 (0%) 

1 (01%) 

01% 

llookworm 

10 (5%) 

8 (7%,) 

0 (4%) 

30 (5%) 

34 (57o) 

01% 

StroDgjloidcs 

stercoralis 

Number of infesta 

0 (0%) 

1 (1%) 

0 (07c) 

0 (0%,) 

1 (0 1%) 

01% 

218 

133 

107 

130 

602 

2 678 

tions 

Infeatationst per 

5,000 per«ions 
Persons harboring 

1 028 

1243 

798 

743 

93o 

1571 

128 (607c) 

71 (647c) 

70 (o2%) 

S3 (44%) 

3o2 (5o7c) 

78% 

Parasites 


Oroup I 120th Station Hospital Annj Hepatitis Center BosTCUth 
Group *> 387th Station Hospital Vrm> Orthopedic Center Stuttgart. 

Group 3 Patients 79th Station Hospital Berlin 

Group i Detachment personnel 2 9th Station Hospital Berlin 

Group 5 Indigenous personnel emDlo>ed in Armj messes 

tL.arge races onl> 20 large and kmall races together 3 small races onl> 31 Cysts 
H cists and trophozoites 1 trophozoites only 9 
tParnsltized Individuals harbored from one to flvo species 

^ Comblnel in Tiblo I with IIS'* indigenous personnel ’^urvejed between Julj 1946 and 
November 1947 “ B> indigenous personnel here Is meant Germans emplojed in Armi In 
sialiations 

tTwenty persons included in a prcHminarj report* arc here omitted because they either 

a foreign homo address or gave no homo address 

{Including twenty h%c United States civilians and dependents 
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Tiiree tecimiques ^vere eniplojed on eacii stool (1) iron hematoxylin stained smears, 
(2) zinc sulfate centrifugal concentration, and (3) thick fecal smears, fixed and dehydrated 
in 95 per cent and 100 per cent alcohol and cleared in xylol One zinc sulfate concentratioa, 
tuo hematoxylin smears, and tivo transparent tluck smears nere examined for each stool 
Each person was given a saline purge and requested to submit a warm, soft, unformed stool 
sample, with i completed questionnaire One stool sample from each person was exanuaed 
The same procedure was followed in all survexs previously conducted on indigenous food 
handlers m Array messes 

REbULrS. 

A tabulai piesentation of the suivej’’ as shown m Table I The possible 
eftect ot dispiopoitionate lutmbeis of peisons with pievious lesidence in soutii 
eastern states'* of the United States and inth tiopical service in the vaiious 
gionps and the gioiips in which tiophic foims of piotozoa nught exist aie 
indicated in Table II While only 50 pei cent of the stools obtained at the 
Hepatitis Centei weie actually uiifoimed, a laige peieentage of the foiraed 
stools weie soit and weie pioniptly deliveied to the laboiatoiy The mateual 
obtained at both Bayneuth and Stiittgait was quite comparable with that ob 
tamed fioin indigenous peisonnel foi seveial pienous suivej'’& 


T XBLE II Incidence of P^vrasitisii in Eelation to the Percentage op Persons Proh 
Southeastern States and IVith Tropicae Service Examined, and the 
Nature op the Stood Sample ExuVMINEd 



incidence 

(%) 

! 

INFESTATIONS 
1,000 ! 

1 er cent 

FROM 

SE ST ITES I 

PER CENT 
XVlTH TROP 
ICAL SERVICE ! 

PER CENT 
UNFORMED 
STOOLS 

Stuttgart 

64 

1,252 

45 

23 

80 

50 

35 

24 

Bayreutli 

60 

1,028 

41 

16 

Berlin, patients 

52 

798 

37 

18 

Berlin, detachment 
personnel 

44 

743 

34 

13 

Mean 

55 

935 

38 8 

lb 8 

45 


Table III shows the incidence of paiasitism among pereons from sout 
eastern states as compaied with that of peisons fiom all othei states com me 
Tluity-txvot (13 pel cent) of 250 persons who gave a peimanent addiess m a 
southeastern state haiboied hookwoim Fifteen peisons (6 pel cent o 
haiboied no othei parasites , 

One hundied and eight (16 8 per cent of 644) peisons had seive m^^ 
tiopics Sixty pel cent harboied intestinal paiasites Sixteen (216 pei ce 
of 74 peisons who haibored Endamoeha histolytica had been in the tiopics 


Table III Incidence for Persons From Southeastern States as Compared tVi 
Persons From Other States 


southeastfrn states 

(%) 


Stuttgart 

Bayreuth 

Berlin, patients plus detachment personnel 


Mean incidence 



'Alabama, Arkansas Florida Georgia Kentucky 'vir^nia P)®! ''hooK^ 

Carolina Oklalioma South Carolina Tennessee Texas ^“Smia presence oi 

Columbia Arkansas Oklahoma and Texas are Included because of tne r 
worm in certain areas from the 

■{One person from California (with tropical sepjee) and on p 
Washington (with no tropical service) also harbored hookworm 
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Tlie incidence foi persons (all groups combined*) who had been in Geimany 
one year or less was 50 per cent from not less than one j ear to tn o } ears, 55 
per cent, and foi moie than tivo yeais, 48 per cent In a group of 224 persons 
i\ho were from states othei than soutlieastein and who had not been in the 
tropics, incidences were, for these respectne periods, 51 per cent, 47 per cent, 
and 55 per cent 

Fifteen (43 per cent) of 35 colored soldieis harbored paiasites 
Seven women patients 6 of whom haiboicd parasites, are included in the 
Berlin survey 

Of 633 persons who stated their age 36 2 per cent were fiom 17 to 20 years 
of age 30 6 per cent, from 21 to 25, 16 8 per cent from 26 to 30 and 16 4 per 
cent were over 30 years of age In the hepatitis group alone the percentages 
in these respectne age gioups were 40 pet cent 25 7 per cent, 20 6 pei cent 
and 14 3 per cent and the percentages harboiing intestinal parasites in these 
age groups weie 62 per cent 69 pel cent 57 pel cent, and 53 pet cent Poi 
all surveys combined the peieentages harboiuig parasites m the foui age 
gioups were 53 pci cent 62 per cent 52 per cent and 43 pci cent 

Sixty five persons (101 per cent) of 644 stated they had had, at the time 
of the stool examination or within the recent past, one oi nioie episodes of 
diarrhea Thirty mne of these 65 were in the group with hepatitis Thiity 
four (52 per cent) of the 65 harbored intestinal paiasites The percentage of 
persons with a histoiy of dial rhea was foi each group as follows hepatitis 
patients 18 4 per cent , orthopedic patients, 3 6 per cent Berlin patients (all 
services), 5 8 per cent, Berlin detachment, 6 4 per cent Of those harboring 
B Instolytica 31 4 pei cent gave a histoiy of diarihea For other organisms 
the percentages were Giardia lambho 17 6 per cent CMIomasiix mesmh, 25 
percent Dtentamoeba fi agihs 4 4 per cent hookwoi-m, 8 8 per cent 

The patients and detacliment personnel at Berlin may be considered as 
representative residents of that particular area The patients at the Hepatitis 
and Orthopedic Centers are drawn from all parts of the American Zone of 
Occupation 


OISCUSSION 


As an oblique approach to the problem of the transmission of ‘ mfeetious 
hepatitis” in Germany — one aspect of which may be the contanunation of food 
and water with fecal material — survey s for intestinal parasites hav e been made 
eu 644 healthy and hospitalized Amencan personnel The lueideiioe of 
parasitism in the group with hepatitis was 60 per cent and in a group of ortho 
pedic patients in another hospital the incidence was 64 per cent A third gioup 
of hospitabzed persons (all services) had an incidence of 53 per cent, and the 
incidence in a group of hospital detachment personnel was 44 per cent An 
average of 55 per cent harbored from one to five species of parasites 

The variations ui incidence found are probably attributable more to such 
variable factors as foniier residence in the southeastern part of the United 


Persons with hookworm onlj In this Instance were regarded as shovt-Ine negative re 
‘Jiia atneo the acquisition of hookworm In Germanj Is highly unlikely 
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States, txopieal seivice, and, peihaps mainly, the eliaiacter of the stool sample 
e\amined than to any eonsideiable difference in the amount of fecal con 
lamination of food and ivatei to winch any one gioup had been exposed 

Theie may he a leal diffeienee in the incidences for peisons from south 
eastern states and fioni othei paits of the coimtij, paitly attiibutable to 
hookwonn infestations Howevei, in the gioup that contained the highest 
peieeiitage of peisons fioin southeastern states, and winch submitted the most 
suitable mateiial ioi stool examinations, no difference is to be noted 

The axeiage incidence foi 1,705 indigenous personnel was 78 per cent, uitli 
paiasitized individuals haiboiing fiom one to seven species If the incidence 
of paiasitism among Ameiicaus has been affected by enviionmental conditions 
111 Geimany oi by contact with mdigenoiis personnel, it is not appaient in the 
piesent study No appieeiable uiciease oi deciease in incidence with con 
tinned residence in Geimanv was found 


SUMMABl 

1 A suivey of intestinal paiasitism among Ameiicau Occupation Poices 
in German} and indigenous Geimaii peisouiiel is piesented and conipaied with 
the incidence of intestinal paiasitism in patients suffeinig fiom acute and 
chionie hepatitis No significant diffeienee between patients with hepatitis 
and othei gioups ivas noted 

2 The aieiage incidence of intestinal paiasitism among hepatitis patients 

was 60 pel cent, while the aveiage in othei hospitalized patients was 553 pei 
cent The aveiage m appaiently healthy Ameiican soldieis ivas WO per cen > 
ivhile in indigenous pei'sonnei it was 78 pei cent An analysis of the mdivi ua 
paiasites in each gioup is piesented , 

3 A discussion of the significance of these findings in relation to ot fi 
faetois IS piesented 
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PRIMARY HISTOPLASMOSIS WITH RECOVERY OP HISTOPLASIU 
CAPSULATUJI PROM THE BLOOD AND BRONCHIAL SECRETIONS 

RA.LPH H Kunsta,dter, M D , Pr\nces C Whitcomb, M S , \nd 
Albert JIilzer, 51 D , Ph D 
Chicago, III 

D uring the comse of studies on the significance of skin sensitivity to fungus 
antigens of children with acute respiiatoiy infections and pneumonia,^ we 
had the oppoituiiity to ohseive the cluneal couise and cany out bacteriologic 
and serologic studies in a ease of piiniaiy pulmonaiy histoplasmosis m a 12 
yeai-old coloied boy We believe that this case is of paiticular significance 
because it adds fuither support to inei easing lepoits eoneeriimg the bemgn 
natuie of histoplasmosis and completes the missing picture compiismg the 
initial infection and piogiess thiough the phase of healing The infection was 
followed fiom the onset to complete reeoveiy with beginning calcification As 
fai as we know, this is the first ease of proved active primary piilmonaiv histo 
plasmosis to be reported in a child who was bom and reared in the Chicago aiea 


CASE REPORT 

J G , a 12 jear old coloied boy who has been obsened in the outpatient cardiac clinic 
for the past four jears following an attack of rheumatic fever with carditis, was adnutte 
to Sarah Morris Hospital on Sept 4, 1948, with a tentative diagnosis of recurrent acute 
rheumatic fever This patient was bom and reared in Chicago and never left Hhnois. 
He developed rheumatic fever and carditis at the age of 9 jears He made a good recovery 
but was left with mitral insufficiencj and some cardiac enlargement During the past rw 
years he attended a summer camp for cardiac patients and has been in good health 
the years preceding the attack of rheumatic fever he had measles and niumpo The 
history was noncontributory except that a sister, 12 years old, died in April, 1911, e 
matic heart disease Also a brother, 18 years old, died m March, 1918, with a clmica d 

nosis of pulmonary tuberculosis, but no autopsy was done , 

Five days before admission, the patient had returned from a summer camp for 
patients located near Chicago On the day of his return he complained of a hea 
headache He had a slight nonproductive cough and a fever The day before a^ 
to the hospital he complained ot pain in his left elbow, unaccompanied by swe lUo 

Physical examination revealed a well developed and well nourished colore oj 23 per 
years who did not appear acutely ill The temperature was 102 6° P , respiratory 
minute, and the pulse rate, 82 The positive findings were moderate nasa ^c ^ ^ 

shghtly enlarged anterior cervical lymph nodes, slight cardiac enlargement ® ^ 

loud blowing svstobe murmur at the apex wluch was transmitted to the axi ^ 
diastohc murmur at the apex and base The lungs were clear, the liver an ^ 
enlarged, and the extremities appeared normal The laboiatory findings are 
in Table I , , jardiac 

An X ray of the chest on September 7 revealed clear lung fields an s ^ j^j^ercahn 
enlargement (Pig 1) Skin tests done on September 7 with histoplasmm 
gave positive reactions with 7 mm and 13 mm indurations respective v, w 
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Table I Summary op Laboratory Data 


DATE 

9/4/48 

9/7/48 

9/14/48 

11/17/48 

12/7/48 

Bed cell count 

6 6 mil 

- 

4 0 mil 

3 9 mil 

3 9 mil 

Hemoglobm 

11 2 Gm 

- 

112 Gm 

119 Gm 

12 6 Gm 

"White cell count 

5 900 

— 

5 200 

6,500 

6,000 

Differential count (%) 

Ncutrophiles 

14 

- 

50 

52 

69 

Lymphoevtes 

7a 

— 

38 

30 

23 

Eoamophiles 

3 

- 

1 

2 

0 

Basoplules 

1 

— 

0 

1 

0 

Monocytes 

7 

- 

11 

15 

8 

Urinalysis 

Negative 

— 

- 

Negative 

- 

Sedimentation rate 

28 

15 

- 

24 

10 

(mni per hr ) 

Wassermann and Kahn 

Negative 

- 

— 

— 

Negative 

Antistreptolysin titer 


IOC 

— 

100 

— 

Weltmann reaction 



5 

- 

5 

- 

Blood cultures 

Negative 



n capsula 
turn ISO 
lated 



with Llastomycm, coccidvoidin, and toniUn were negative On Bymptomatic treatment the 
patient^a temperature became normal after forty eight hours and he made an uneventful 
recovery There were no ngniflcant changes m the cardiac findings The patient was dis 
charged from the hospital on Sept 15 1948, eleven days after admission 

Second Adm\rSS\on — The patient was readmitted to tho hospital on Nov 17 1948, with a 
history of malaise and fever for one day Tho temperature waa 104 F , pulse rate, 104, 
and respiratory rate per minute 22 The blood pressure was 130 mm of mercury systolic 
and 62 mm diastolic Pertinent findings were injected pharynx moderate injection of both 
eardrums and cardiac findmgs indicative of mitral stenosis and regurgitation and aortic 
regurgitation The pertinent laboratory data are shown in Table I 

The patient was given pemcillm and salicylates His temperature dropped from 104 F 
on the day of admission to a maximum of 101 F on the following day Subsequently, a 
low grade fever up to 100 2 F persisted for an, additional eight days, the total duration 
of fever bemg ten days During this period tho patient did not appear ill despite tho fact 
tliat a large pulnionarv infiltration was observed in tho left lung on November 18 (Fig 2) 
Occasionally he had a sbght nonproductive cough On November 24 physical findings indi 
cative of pulmonary disease were observed for tho first time, consisting of sbght dullness and 
increased breath sounds at tho base of the left lung No rales were heard Although tho 
patient was asymptomatic ten daj s after admission to the hospital, a: rays of the chest 
showed exceedingly slow clearing, and at the time of discharge on December 17, there was 
only about 60 per cent clearing of the pneumonic process (Figs 3 and 4) An x ray of 
the chest taken on Jan, 4 1949, revealed further clearing and a soft nodular density m the 
fifth left interspace Furthermore, a small area of greater density was present m tho sixth 
left interspace which appeared to be begmiung calcification (Fig 5) On March 21, tho 
infiltration had completely disappeared and minute areas of calcification were present in both 
the fifth and sixth left interspaces (Fig 6) The last film taken on May 9 showed no 
significant changes as compared with that of March 21 Skin tests performed on Dec 1, 1948, 
with lustoplasmiu and tuberculin showed 20 nun and 10 mm indurations respectively, while 
tests with blastomycin, coccidioidin and tonilin remained negative 

BACTEItlOLOGIC STUDIES 

On admission the tliioat culture A\as positi\e for Staphylococcus aureus, 
find no fun^i \\eie isolated Blood cultuies weie negatne A blood culture 
obtained on November 17 duiiug the second admission was positive for Hxsto 
Phsma capsulaiim in tlie jeast phase after incubation in beef mfusion broth 
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} —Roentgenogram of the che&t taken Sept 7 1348 at the time of first admhsioa 
ine huar I>mph nodes appear larger than normal The lung fields are clear 
mi f r —Roentgenogram of the chest taken Nov 18 1048 at the time of second admission 
There Is a Urge paienchjmal inflltiatlon in the left mid-lung field There is little change in the 
appearance of the hilar 1> mph nodes 



Fig 3 — Dec 9 1948 Since the precious examination of No\ IS 13^® 
about 50 per cent clearing of the inflltratice process m the left lung fight 

Pig 4 — Dec 15 1948 Since the examination of Dec 9 1348 there as 
clearing of the infiltration In the left lung 


! 
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^ Fig — Jan 4 Tliopo U till con I Icrnble mflUratlon In the left mid lung field 

There is an area of focallzation in the legion of tl e fifth left interspace In the 'tlxth left 
interspace there Is a small circum crlbel aiea of greater aoi«ilty that appears to be beginning 
calcification 

, Fig Q —March '*1 1049 Tl ore Is complete clearing of the infiltration in the left lung 
Minute areas of cahflcation arc pie iit in boll the fifth and Ixth Interspaces There is an 
Increased amount of calcification in both hllai areas 




— luberculato chlamj dospores of Hiatoplasma cuisitjatum recovered from the blood 
on Nov 17 ISIS 
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for seven weeks at 37° C (Fig 7 ) No bacteiia weie isolated A thioat cul 
tuie at this time showed anhemolytie stieptococei and Alcaligenes faecdis Ee 
peated gastiic washmgs were negative for acid-fast haeilh or pathogenic fungi 
m diiect smeai and cultnie Bionchoseopie specimens obtained on December 
10 -weie negative for aeid-fast bacilli m smeai and cultuie Howevei, one of 
SIX mice inoculated with bronchial mateiial and saeiificed six weeks later showed 
lesions in the livei and spleen fioni which H capsulatim was lecoveied 

SEROLOGIC STUDIES (tVBLE H) 

Complement fixation tests mth undiluted seium earned out on December 
1 showed a 4+ leaetion uith the histoplasmin antigen (lot H-15, 1 100 dilution), 
on Decembei 20 the reaction was 3-r while on Apiil 2, 1949, the reaction de 
eieased to 2+ The technique desciibed by Tenenbeig and Howell^ and Pm 
colow' and co-woikeis® was employed in the complement fixation tests Comple 
ment fixation tests earned out simultaneously with blastomycm antigen gave 
negative lesults Viius and iiekettsia complement fixation tests for psittacosis 
pneumonitis gioup, Q fevei, and influenza A and B on some specimens of this 
sera weie repeatedly negative Serum diawn on Decembei 22 was positive in 
1 20 dilution (4t) with l 3 Tnphoeytic choiiomeningitis antigen but was negative 
with seium diawm on Apiil 2 Repeated tests for lieteiophile and cold agglutm 
ms were negative 


Table II Suwmary of Wrious Complement Fixation and Other Sepologic Tests 


DATE 

11/26/48 

12/1/48 

12/20/48 

12/22/48 

4/2/19 

Histoplasmin 

— 

4+* 

6+* 

- 

2+* 

0 

0 

Blastomycm 


0 

0 

0 

Psittacosis pneumonitis 

- 

- 

— 

0 

0 

0 

0 

0 

Lymphocytic choriomeningitis 
Influenza A and B 

— 



•i+f 

0 

Q fever 

— 

- 

- 

0 

Cold agglutmms 

0 

0 

- 

0 

Q 

Heterophile 

0 

0 

— 


‘Ludiluted serum 
tSerum diluted 1 20 


DISCUSSION 

Although a great deal has been wiitten concerning benign 
pulmonarj’^ calcification, and leeoveiy fiom systemic histoplasmosis, re “ 
little has appealed desciibmg m detad the pieviously hypothesize F 
phase, which in aU piobabihtv repiesents the link between the mitia i ^ 
and pulmonai-j ealcification Jleution is made of noncakified pi 1 “°“ 
filtrates hj Dickie and Claik,^ but these authois failed to descii e e 
mfection and the progress of the lesions ^ pre 

Sontag and Allen® lecently correlated the presence of ca 
calcific pulmonaiw lesions wuth histoplasmin sensiti\ity m a stu y 0 ^ 

mal” childien These authore, howevei, mention no attempt 
etiologic agent Seiial x-iays weie made ovei a period of nianj n^^^^ 
it was possible to study piogiessne changes in the lungs from ^ ^ 

initial lesion through the period of calcification Then studies sio 
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tendency for calcification associated -nith positive histoplasmin zeaetions to be 
(1) multiple 111 the pai cneli j ma often viitli calcifications piesent in uppei lung 
fields and apices, (2) earlj in onset fiequentlj viitli the initial lesion appeal 
mg liefoie one yeai of age, the majoiitv before 4 years of age, (3) pieceded 
occasionally by a pneumonic infiltrate early m the infection and (4) progres 
sive with the development of new lesions and eilcificatioiis over a peiiod of 
years ” 

In discussing the possibilities of sceoiidai'y infection with histoplasmosis, 
Peterson® states that in some instances it is almost impossible clinically to 
differentiate the progressive pulinouaiy fom fiom pneumonia Furcolovv states' 
that areas of pneumonitis vie seen m children ui lelationship to the develop 
ineut of histoplasmin sensitivity Although these areas of pneumonitis were 
often asymptomatic, oceasionalli they were associated with definite clinical symp 
toms especially where there had been marked legional adenopathy and asso 
Mated pressuie reactions Some of the lesions have the appearance one would 
expect around a focal granulomatous lesion at the time sensitivity develops He 
fuithor states that these lesions are uncommon and that it is often difficult to 
establish the diagnosis 

In a study of 16 000 school children in Kansas City, Purcolow 3Iantz, and 
Lewis* described the loentgcnologie ehaiaetetistics of pei-sistent pulmonaiy 
infiltrations in 72 asymptomatic patients who were sensitive to histoplasmin 
but not tuberculin They found that only a few weio limited to the lymph 
nodes, a few weie of the disseminated type, while approximately two thirds 
were uodulai, shaiply eircumseribed foci The remaining one fourth were dif 
fuse, patchy infiltrations with poorly defined borders, which sometimes dev eloped 
into nodular lesions Similar lesions vveie seen in a few patients whose symp 
toms appeared to arise from this infection In some of the lesions a central 
core of calcification was noted mitiallv or in subsequent films The lesions 
tended to calcify slowly, and many infiltrations peisistcd without complete cal 
cificatioii during the two years of obseivation 

Tlicse authors also stated that up to the piesent time they had no cases in 
which the entiie piogress of events could be observed i e negative chest \ rays 
negative tuberculin and histoplasmin sensitivity thiough the appeal anee of the 
paienehymal infiltrate with concurrent change iii cutaneous sensitivity, to the 
final irreveisible calcified focus in the lung or node associated with a positive 
histoplasmin test (and negative tuberculin test) In all probability a longer 
period of observation would be necessary in ordei to observe the final period 
of calcification Howevoi, oui patient began to show calcification approxi 
niately 4 months after the appeaiancc of the pulmonary infiltrate They further 
state that they have seen patients with initially negative x lays and histo 
plasmin reactions who later developed pulmoiiai-y infiltrates oi hilar adenop 
athy or both togethci with the development of a positive cutaneous reaction 
to histoplasmin 

We feel that our ease lepreseiits the precui-sor phase of pulmonary ealci 
fication and, therefore completes the hypothetical stage pi oposed by otiiers We 
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were able to demonstiate the progiess of the piimaiy phase of histoplasmosis 
piesumably tiom the onset of the fiist symptoms and loentgenologic eiKlcnce 
ot pulmona^^ mfiltiation to final dealing of the lesion and beginning ealci 
fieation, eoiielating the clinical piogiess of the disease with bacteiiologic and 
seiologie findings Eadiologic evidence ot consolidation was present on Nov 
IS, 1948 (Pig 2), thiee da 3 ’’s aftei the onset of symptoms and eighty davs 
after the onset of the piimaiy illness (Aug 31, 1948, when tlie histoplasmm 
skin test was positive) It is nnfoitunate that we failed to do a complement 
fixation test at this time so that it is difficult to deteimme exactly when the 
primary infection took place Nevertheless, on the basis of the 2+ histoplasmm 
reaction on Novembei 18 and the subsequent inciease m sensitivity associated 
with the stionglj positive complement fixation test, in all piobabihty the pii 
maiv infection oceiiiied shoitly piioi to August 31 Thus, one can postulate 
that the pulmonaiy infiltration occur led at least eighty five to ninety davs 
01 moie fiom the time of the initial infection 


In oui case there may be some question as to the significance of the posi 
five tubeiculin test In all probability there is no coiielation between the 
positive tubeiculin and histoplasmin tests Had we not obtained a positive 
blood culture and isolated H capsulatum from a mouse inoculated with bronchial 
secretions, the diagnosis of histoplasmosis and tlie significance of the positive 
histoplasmin test would be doubtful 

Fungus skin tests vveie peifoimed on other members of the family, all of 
whom are free of pulmonary disease The mother was histoplasmm and tubei 
culm positive, and the complement fixation test was negative The thiee 
siblings, 23, 15, and 10 jeais of age respectively, were positive to tubeieum 
and negative to all of the fungus antigens This suggests that in all proba 1 1 3 
all had a common exposure to tubei culosis 

The complement fixation test apparently is impoitant in distuigmshiHo 
active and latent or past infections with H mpsulatum Those with 
changes from negative to positive skin sensitivity seem more likely to si^^^ 
positive complement fixation, while those with latent or healed mfections ai^ 
geneiallv negative" The finding of a positive complement fixation 
Ijmphoevtie choiiomenmgitis (see Table II) was piobablv due to past m 
No virus was isolated from blood oi bionchial secietioiis obtained 
acute stage and inoculated into mice and guinea pigs Thiee other me 
of the patient’s family who were tested at approximately the same n 
had positive complement fixation tests for the choiiomeiiingitis 
lamilj gave a histoiy of living in a house about slx months previous) 
overrun with mice Moreover the complement fixation test positive 

when repeated with serum drawn from oui patient 101 dajs a tei 
specimen 


SUMMARY 

A case of piimai) histoplasmosis in a 12-yeai old colored uas 

findings of atypical pneumonia, is described The course of t le m 
followed from the onset thioiigh the stage of pulmonaiT 
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as manifested bj beginning pulmonai*) CTlcification H cap^uZaiioji i\ as isolated 
from the blood and bronchial secietious obtained dm mg the acute stage The 
patient liad a positi\e complement fixation test £oi histoplasmosis at the height 
of the pulmonaij infiltiation uhieh persisted to the time of beginning calcifica 
tion foul months latci He also had a positi\e histoplasmiii skin test Benign 
histoplasmosis is discussed with particulai refeiencc to precalcific pulmonary 
infiltrations 
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A NEAV MOUNTING FOR THE ELECTROETMOGRAPH 


Nath\n Grossman, MD and Emil Tiger 
Chicvgo, III 


I N 1945 Henny and Boone^ successfully employed an election miiltipliei photo 
tube (RCA, 931-A) as a pielcup device foi the legistration of heart motion, 
using the fluoioscope to delineate the caidiac silhouette Motion of the heart 
boideis was tianslated into a vaiying electiic cuiient which was, in turn, 
recorded as a deflection tiaeing on an eleetiocaidiogiaph of either the stiing 

01 D’Aisonval tj-pe The apparatus was teinied an “electiokjonogiaph ” Siih 

sequently Heiinj'", Boone, and Chambeilain- developed an improved mounting 
for the phototube which facibtated its use with the ordinary fluoioscope In 
1948 Luisada and eo-woikeis^ modified this apparatus and called then dewcc a 
“fluoiocaidiogiaph ” 

In both instruments positioning of the pickup device slit ivith respect to a 
given part of the caidiac silhouette is of paiamoimt importance TIus i\as 
accomplished by both groups through the use of a laiuiled laiob which rotate 
the phototube pickup by means of a pulley and belt The knob piojected roni 
the operator’s side of the screen In the model used by Henny, Boone, anc 
Chambeilain,- the phototube was peimaneiitly mounted on a bracket wnci 
could be rotated out of the ivay for loutine fluoroscopy The Sanboin mo e, 
employed by us, is constructed accoiding to the modifications deieopei i 
Luisada and co-ivorkeis and consists of a pantograph aim which ° 

fluoroscopic screen Our expeiienee has proved this aiiangement to e i ^ 
wieldy The phototube tends to rotate after it is positioned and the 
the pantograph aim give way from the weight of the picloip device n a i 
it was found that the caliles of the phototube head frequently (iso 
microphone from its position on the chest when heart sounds were 

1 ecoided simultaneously with the elect! olijmiogiaph ^eiice m 

"With these difficulties in mind, w'e mounted the Sanboin pic uip 
the center of an aluminum frame wdiich slides into the existing c 
1704 A Picker spot-film device belonging to oui \-iay imit 
advantage of enabling the entire frame and phototube to be lea i w 
the fluoroscopic field when not in use, when the operator has oca 
bolder desired, a simple movement of the lead frame holder pickup sht 
rapidly into position, and thereafter but nimor adjustments o 


are necessary 

From the Cardiovascular Department Medical Research ^„garch 
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Fig 1 — . V photograph ot the electrokyroograph pickup device In the new radlolucent aluminum 
and plastic mounting Described in text 



Fig — The new mounting fitted Into the spot film device 


Positioning of tlie slit thiougli 180 degrees is accomplished a long arm 
(paiallel with the slit) similar to that used on a camera mounting Rotating 
tills irm through a 180 degree arc allows fine oiientation of the slit with 
respect to the caidiac silhouette Puithei motion of the phototube is pre 
tented by a seiew at the phototube mounting which is operated by turning 
the handle of the arm The entire fluoroscopic scieen and tube carnage can 
he locked in any position bj the brake on the x ray unit Since this is a spot 
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ladiogiaphic device, it is possible to obtain 5 in by 7 in spot films of the 
phototube pickup head in position on the caidiae silhouette foi puiposes of 
peimanent leeoid Figs 1 and 2 aie photogiaphs of this new modification 

SUMMARY 

1 A new mounting foi the eleetiokyniogiaph by use of a spot-iadiogiaphic 
device is desciibed 

2 The advantages of this modification aie piesented 

We are indebted to Mr N Cr Weidman of Picker X ray Corporation for valuable sag 
gestions 
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METHODS FOR THE DETERMINATIONS OP RADIOACTIVE 
PHOSPHORUS (P“ ) IN BOD\ FLUIDS 

Margaret A Ad vjis, A B Boston Mass • Stanle\ JI Levenson, M D , 
Chicvqo, III ,t Rex G Pluhvrt\, Ph D , Boston, JLiss and 
P H L\ske\ Tulob, PhD Boston, Mass § 

AVith the Technical Assist v\ce of JL\b\ I ICendrick, B S 

T he use of ladioaetive isotopes in tiacer amounts in man imposes the problem 
of the determination of \eij small quantities of isotopes in the hodj tissues 
and fluids This is particulailj title when tracei-s such as P“^ are used since the 
overall distribution, e\eretioii, and exchange of phosphate ate laige and rapid 
To meet this situation selection and modifieation of existing methods for the 
isolation and estimation of the xanotis phosphate fractions, both radioactive and 
noniadioactue aie lequired 

The puiposo of the present communication is to present the techniques de 
t eloped for the investigations of phosphorus metabolism in man using P’“ as a 
tracer in doses of 100 to 200 microcuiies' intiaxenouslj 

APPVRtTUS 

The p32 beta radntiOQll was counted with end window (bell type) Ceiger iluller tubes 
and a Tracerlab Autoac'iler Both conimcrciolh manufactured Geiger Muller tubes and those 
a bembled by the Massachusetts of Technology were eroplojed The mean window thickness 
varievl from 2 to 5 mg per square centimeter The tubes were shielded with 3 to 6 in of lead 
The background varied from 0 23 to 0 4^ counts per second for different tubes, but was 
cssejitiallj constant for auj one tube during the period of study For any given set of ex 
periments one tube was u ed The critiques of measurement were those reviewed by ICamen 2 
Calibration, of the Auto«c‘iIer was mode daUj by the use of a standard 60 cjcle al 
ternatmg purrent and the complete assembly was checked by the use of a uranium standard. 
A manual sample changer was constructed so that each sample wa^ at a fixed and constant 
distance from the Geiger Muller tube window To ensure maximum recording this distance 
was the minimum required to prevent contamination of the tube bj the sample 

JIATERLVLS 

Only dried samples were u-cd and to approximate similar distribution of materials in 
till samples the amount of liquid dried was kept constant throughout these investigations 
bmeo 2 ml was found to be the minimum \olumc with which accurate counts could be ob 
tamed for the least uctue amples the more acti\e samples were diluted so that 2 ml con 
tamed an appropriate activitj 

Bottle caps II prior to the insertion of the cork inlaj were used as expendable containers 
for drjing samples. Occasionallj such bottle caps were dehiered prevarnished It was 
found ncces arj to remo\e the larnish with a concentrated solution of sodium hydroxide All 
bottle caps were washed first with acetone to remo\c machine oil and grea e and sub equcntly 
'rith distilled water and then dried 

Recei\cd for publication June 0 1945 
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B, ^e. srxii'S ‘rr’'" 

..a 

ToraXLcx r “T'“‘ -XXXzs,; 

matter Whn i sample contamed more than a very small amount of organic 

temperature the rtT’ ^ ^ ® ^trates pere dried at a high 

resXd 5 waV?o T.r? «°“^>derab]e error m couni 

at 38 to 40“ 0 m ^ ^ samples containing organic matter were dried overmght 

t/ie to be ce>tam that the samples are thoroughly dry, mce 

swmZaZZ flints of moisture has heeu found to lower the cLung rate 

mfrarpR Z moisture had been removed at 38 to 40“ C , heating under an 

frared lamp or m a hot oien at about 100“ C for one to tuo hours could be carried out to 
ensure complete dryness, without causing irregularities in the deposited materia! 

+ ^ cknesa, conaiatenc}, and density of tlio samples are important factors m the 
+I ^ i^ation of radioactivity because of their well known effect on the absorption of 
f ^ Ideallj , all phosphorus coutainmg fractions should be separated by 

sui a e c lemical methods and then converted by chemical procedures to inorganic phosphorus 
^ a irect comparisons of the radioactivity could be made on the same final substance 
ow ever, with the use of tracer amounts of pcc m man, separation and conversion to in 
organic p ospliate by organic combustion would introduce dilutions so great as to reduce the 
ra loactmty in some of the fractions of phosphorus to the point where unfeasibly long 
perio 3 of tune would be required for accurate counting Therefore, no attempt was made 
0 convert all fractions to the morganie form As a result, measurements were made on dried 
samples of different physical characteristics Tins was dictated by the necessity of usmg 
t e maxnuum amounts of material m the samples consistent with ease in preparation and 
countmg Smce the samples consisted of rather large amounts of material m nonstandard 
geometry and unknown uniformity, the corrections for selfabsorption and other physical 
properties were made empirically These measurements were also used as a check upon the 
reproducibility of the data These corrections will be discussed below m detail for each 
fraction 

METHODS 

Ovalated blood samples, cooled in. ice, were centrifuged as soon as possible after tlic 
blood was drawn, and the plasma removed as completely as possible The red blood cells 
were washed once with ice cold isotonic sodium clilonde solution, centrifuged again, and t e 
supernatant washings removed as completely as possible and discarded The washed re 
blood cells were frozen to prevent hydrolysis of pliosphorus compounds and to produce hemo 
lysis Plasma and thawed hemolyzed red blood corpuscles were analyzed cheniicaJly for to 
phosphorus, total acid soluble phosphorus, and inorganic phosphorus, and the radioactm f 
of these phosphate fractions was determined Corresponding values for the total organi , 
acid soluble organic, and nonacid soluble organic fractions were calculated 

Quantitative volumetric measurement of samples of hemolyzed red blood cells was 
what difficult because of their high viscosity Probably tlie most accurate way of 
them, is by weight This technique is indeed necessary if imdiluted red blood cells ^ 
used However, as a technique for handling many samples of red blood cells, 
tremely time consuming Accordingly, the thawed red blood cells were measured with 
Polin pipettes calibrated to deliver by blowing out the last drop and transferred to 
flasks of desired capacity The red cells adhering to the sides of the pipette ^ 

repeated washings with distilled water, the washings were added quantitatively to^ 
metne flask containing the pipetted cells, and the mixture was made up to the de^ir 
with distilled water Samples from dilutions of five times the original volume 
can be pipetted accurately without difficulty and with good duplication of results 
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J Total Phosphorus tn Plasma a>kl Ted Blood Cells — Tlio total pbospliorua coocentra 
tion of plasma ami red blood cells nas determined in samples of suitable sue bj the colon 
metric molybdate method after digestion \ntli sulfuric aud uitnc acids^ os described b> 
Fi^e and feubbatow * 

The total P32 content of plasma was determined bj counting the beta rajs from 3 ml 
samples of plasma dried overnight at 38 C 

For the determination of the content of erytlirocj tes ala dilution of Uemoljied 
red blood cells aas prepared and 2 ml samples of this dilution were dried overnight at 38 C 
The beta particles emitted were then counted 

2 Total Acid Soluble Phosphorus of Plasj/ia and Fed Blood Cells — To precipitate the 
plasma proteins, 1 vol of plasma was mixed with 4 vol of 10 per cent trichloracetic acid 
The mixture was shaken nell and filtered through Whatman No 42 filter paper 

In precipitating tho protein from red blood cells a 1 10 dilution was made instead of 
the 1 5 dilution used for plasma in order to permit adequate washing of tho pipette used to 
measure the cells Five jnilhhter ’samples of hcmolyzed red blood cells were pipetted into 
50 ml Tolumetnc flasks The pipette was thorouglilj uashed uith water and the ivashings 
were transferred quantitativelj to tJie same loJumetnc flask Ten milliliters of 20 per cent 
tricliloracetic acid were added with shakm^ The contents of tlio volumetric flasks were made 
up to 50 ml mth distilled uater mixed thoroughly bj invervion and filtered through Wliatman 
No -i*! filter paper This preparation contained the same weight of trichloracetic acid per 
nulliliter of red blood cells as was u ed per milliliter of plasma but the final dilution was 
tirice as great in respect to botJi red cells and trichloracetic acid Since it uas difficult to 
adjust the volume accurately because of foam and floating particles of precipitated protein, 
two preparations of red blood cells were routinely made and a sample nos taken from each 
filtrate for all determinations made on the protein free filtrates 

Tho total acid soluble pliosphorus in the tricliloracetic acid filtrates prepared from 
plasma and red blood cells was determined b> the colorimetric molybdate method of Fi^ke 
and Subbarows 

To detennine the present m the acid soluble phosphate fractions 2 zal samples of 
the trichloracetic acid filtrates obtained from both plasma and red blood cells were transferred 
to bottle caps and dried overnight at 38 C The emitted beta particles were then counted 

3 Inorganic Phosphorus tn Plasim and Fed Blood Cells — The inorganic phosphorus of 
tho plasma and red blood cells was determined in the protein free trichloracetic acid filtrates 
by the colorimetric molybdate method of Fiske and Subbarow s 

For tho measurement of m the inorganic phosphate fraction of plasma and red blood 
cells, the inorganic phosphate was separated from the other forma of acid soluble phosphate 
bj the calcium precipitation method of Fiskc* with certain modifications aud precautions 
which were found necessarj for the final counting techniques 

Twenty niilhliter samples of the trichloracetic acid filtrate prepared as given m tlio 
Wction on acid soluble phosphorus vierc pipetted into 25 ml volumetric flasks One or 2 
drops of phenolplithalem uerc added and the filtrate was carefully neutralized with, first, 
‘’0 per cent, then normal, and finally, normal sodmm hydroxide until a small drop of the 
Mo normal alkali sufficed to produce a faint pink color If the end point nas pas ed with 
one of the stronger alkali solutions trichloracetic acid uas added until tlie solution was color 
less and the end point establislied again with normal alkali 7t was found to be of the 
srralMt importance to aimd an excess of aJlali because of subsequent failure to obtain com 
plete solution of calcium phosphate 

Tho neutralized filtrate was made up to exactly 2^ ml in the volumetric flasks and 
thoroughlj mixed Tuo 10 ml aniples were measured into conical graduated 15 ml centri 

tubes One tenth milliliter of 0 4 per cent sodium phosphate (approximately 01 mg 
phosphorus) was added to the olution in the centrifuge tube to act as a carrier for the 

during subsequent manipulations 

Five rmllihters of a 10 per cent solution of calcium chloride, saturated with calcium 
^'i'lroxide were then added to the contents of the centrifuge tubes and the mixture was 
allowed to stand for ton minutes to ensure complete precipitation of the phosphate as calcium 
phosphate 
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The tubes and contents ueie then centrifuged for two minutes at 3,000 revolutions per 
minute This speed of centrifuging was found to he absolutely necessary for the quantitatne 
sepal ation of the precipitate fiom the supeinatant liquid 

The supeinatant fluid was ceiefullj decanted from the precipitate and the tubes were 
diained b) standing them inverted on filtei paper foi i few minutes 

The precipitate was washed once bj resuspenuing in a nuxturo of 4 ml of distilled 
watei and 1 ml of the CaCI Ca(OH) icageiit and recentrifuged at 3,000 rpiu for two 
minutes The supeinatint liquid was decanted and the tubes igain were drained bj in 
V ersion 


Two drops of noimil sulfuric acid were added to the calcium precipitate The gelatinous 
precipitate of calcium phosphite was repl iced bj i white amorphous precipitate of cilciuin 
sulfate Bepeated tests have shown that all of the phosphate ion at this stage is la solution 
The contents of the 15 ml centrifuge tube were mide up to 5 ml with distilled water, 
stoppered, ind thoiougldj shaken The stoppers were removed and the tubes centrifuged for 
about five minutes at approximately 2,000 revolutions per minute 

Two millilitei samples were pipetted from the supeinatant fluid into bottle caps and 
dried Bee luse of the low salt content and the absence of org inic matter m the sample , 
drjmg was done rapidlj under an infrared lamp The emitted particles from the dried 
samples weie then counted 

4 Urine — Uiine samples weie collected for various intervals of time depending on the 
periods of most inteiest m each mdividual m vivo experiment The total volumes were 
measured, and 2 ml samples of urine were diied and counted with the Geiger Muller counter 
and Autoscaler Following tlie injection of 100 microcuiies of tlie unne of normal sii 
jects was found to contain enough ladioictive material so that 2 ml samples, diluted or un 
diluted, gave counts within an accui ite range for five or six dajs following the administration 
of the isotope In the first hours the counts were so high that dilution was earned ou m 
order to avoid counting errors while maintaining the 2 ml volume of sample 


Tvble I Stvtistical Analxsis of Couvtixq Dried Aqueous Solutions ot P^- 


VIEVA* (CPS) 

SrVXDVRl) DEVIATION 

1 (CPS) 

MEVA* (C 

1 50 

±07 

28 8 

1 ei 

11 

28 9 

2 74 

05 

291 

4 40 

19 

29 5 

4 45 

19 

301 

4 65 

14 

30 5 

4 6Q 

23 

32 6 

5 10 

18 

33 7 

S 04 

25 

34 9 

95 

20 

39 3 

11 8 

14 

42 3 

19 0 

27 

43 3 

12 4 

40 

44 1 

12 5 

36 

44 1 

14 0 

00 

45 4 

14 9 

59 

52 3 

15 5 

82 

67 3 

165 

24 

101 7 

18 9 

72 

104 7 

18 9 

86 

120 6 

19 8 

SO 

210 8 

210 

51 

220 0 

21 1 

63 


214 

95 


24 2 

64 


25 9 

94 


26 4 

77 


28 0 

51 




STAXDVRD DLVLVTIOX 

(CPS ) 


±40 

52 

43 

ro 

32 

04 
IS 
30 
90 
SO 
07 

117 

118 

05 
SO 
59 

2 24 
2 43 
1 SO 
4 39 
4 04 
j 50 


CPS Counts per second ^ tc + q ner cent ,, ^ 

standard deviation of the mean for the entire “din of sIa readin&“ 

•Each fleure In the columns Mean (CPS) m the mean oi 
of t\\o duplicate samples 


three I 
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Correction Factors — 

Folm3 recommended that d yer cent should be subtracted from the values obtained for 
the chemical estimation of total aeid soluble and inorganic phosphate of the plasma m order 
to correct for the \olumo occupied the jirotem precipitate Tins correction was applied to 
both the chemical determinations and to the counting rates ob eried for these two plasma 
fractions 

It was determined e\perimentall> that the protein from red blood cells occupied ap 
proximately one tenth of the total volume in the dilution used \ccordmglj, 10 per cent was 
ubtracted from the chemical results and al o from the counting rates obtained for total acid 
soluble and inorganic phosphorus in the red blood cells 

As pointed out earlier additional corrections were ncce arj for some of the radioactive 
preparations because of errors m counting introduced by tlie phjsical characteristics and 
geometry of the dried samples In iddition nil re ults obtained with a Geiger Muller counter 
and Auto caler are subject to certain intrinsic instrumental inaccuracies 

Dilutions of aqueous solutions of radioactive sodium pUo pliate were prepared from 
which dupbeate 2 ml samples were pipetted into the same type of bottle caps used m all 
sub'sequent experiments Vfter the samples were thoroughlj dried each of the duplicates 
was counted three times In the first column of Table I arc given the means of the six read 
ingB taken on each of the fiftv ampler The standard deviation from the mean of the entire 
senes, after correcting for background was approximatch i 3 per cent 


Table II Effect of \ abyiso Amounts op miv on Cot vrisc Pate 


IVT OF ALBUMIN SVMILE (MO I ER CM2) 

PER CENT OP COUNTS lOST 

0 2 

0 

82 

0 

10 5 

0 

13 1 

3 

15 9 

4 

18 5 

5 

210 

7 

27 3 

9 

40 4 

15 

52 9 

18 

66 7 

23 

79 6 

20 

92 4 

30 

105 0 

1 34 


\11 figures urc based on the average of duplicate determinations three obsetwations being 
taken on each of the duplicate 


Tvijle III Effect of Varxing Vmoi nts of Trichloracetic Void on Ps* Counting Rvte 


WT OP TRICHLORACETIC ACID SVMILE 
(MO PER CM ) 

PER CENT OP COL NTS LOST 

1 3 

0 

1 7 

0 

34 

0 

52 

1 

85 

2 

11 3 


14 0 

5 

lo9 

2 

17 8 

3 

18 2 

6 

23 7 

5 

24 4 

G 

27 0 

15 

29 8 

9 

37 5 

18 

44 0 

24 

o2 7 

27 

71 5 

30 


, Ml figures re b i e 1 on the average of duplicate letormlnatlons three observations being 
tken on each of the luplicatcs 
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Additional errors, most likely introduced by the thickness and uneieii surfaces of tlie 
dried samples, were present ICameiiz has stated that the beta rays from Pac mij sliow sig 
mficant absorption duo to thickness of the sample film when the weight of the simple exceeds 
15 to 20 mg per square centimeter Table II shows the corrections necessary when knoira 
amounts of P32 were added to varjing concentrations of human serum albumin Tiie samples 
were measured into weighed bottle caps, thoroughly dried, and reweighed Prom physical 
measurements the aiea of the bottle caps was estimated to be 4 9 cm 2 , and the milhgnms 
per square centimeter of albumin were calculated for each sample In Table III correction 
factors derived from a similar experiment with trichloracetic acid are given In both ca'ies, 
as expected, the counting rate decreased as the thickness of the dried films increased These 
results will be discussed later 

RESULTS 

Total F-’^ tn Plasma — To deteimine the collection factoi which should be 
applied to the results obtained foi total P®- in plasma, a senes of twenty samples 
was piepaied containing plasma to winch known amounts of weie added in 
vitio The dilution neeessaiily intioduced by the addition of solution was 
kept as small as possible and nevei exceeded 2 pei cent of the total volume The 
leadings xveie compaied xvith those of 2 nil amounts of aqueous solutions con- 
taining the same eoncentiations of P®" as the plasma piepaiations Each sample 
was counted at least tliiee times The lesults obtained by counting the emissions 
tiom the aqueous piepaiations xveie legaided as 100 pei cent recoveiy Sta 
tistical analysis of the lesults showed the aveiage recoveiy 111 the plasma samples 
to be 89 pel cent ivith a staiidaid deviation of ±3 95 (Table IV) On the asis 
of the leeovery experiments, a collection faetoi of +11 pei cent was app le to 


Table IV Eecovery oi in Plasma 
(1 98 ML OP PlXSMA in 2 ML SAMPLES, 0 02 ML AQUEOUS P-‘- SOLUTION) 



all counts obsei-ved foi total P^^ in plasma Two millihteis o squaic 

plasma when dined xveie found to weigh on an aveiage ^ piescnce 

centimetei Table II shoxvs a loss of 12 pei cent of added expen 

of albumin of equivalent xveight, which agiees closely ivith tie rec 
ments piesented m Table IV ^ 

Total in Red Blood Cells — The xveight of 2 ml of a ccntm'ete*' 

blood corpuscles xvas found to be approximately 21 mg pei sQ udioacti'd' 
From Table II it might be predicted that about 91 pei ° 



DLTERJIINmONS OP RVDIOVCTUE PHOSPHORUS (P^ ) IN BOD-k FLUIDS 1307 

pieseiit would be detected To study this point more thorough!), t\\ent) eiglit 
m vitro recoveiy exi)eiiments were perfoimed ui whicli 2 ml samples of led 
blood cells diluted 1 5 and containing Imowii conceutiations of weie diied 
and counted Each sample ^\as counted at least thiee times The a^e^age le 
covery of the added ^\as 95 pei cent (standard deviation of ±3 9) of that 
obser\ed for diied aqueous solutions containing the same conceutiations of P^^ 
(Table V ) This is in excellent agreement with the expected recover) Con 
sequent!), a correction of 5 per cent was applied to the obseived counts foi 
total P ^2 blood cells 


Table V Eecovery of Paa Added to Red Blood Cobpuscles Diluted 1 o ttixu 
Di<.tilled Water 


PER CENT RECOVERS* PER 

CENT RECOVERS 

99 


93 

99 


99 

98 


06 

93 


90 

94 


94 

95 


93 

92 


95 

90 


98 

92 


97 

90 


08 

96 


9D 

105 


09 

88 


96 

89 


94 


Mean recovery =: 9o per cent 



Standard deviation s ^ D 



Each flRure la baseil on the a\era|;c of at least three observations 


P" in the Total Acid-Soluble Phosphate Fraction of Plasma — To determine 
the necessary correction factoi for the mcasuiements of P^^ in the total acid 
soluble phosphate fraction of plasma thirty two samples yere prepared contain 
iQg laio^vn amounts of P” and 0 16 Gm of tricliloracetic acid in 2 niilhlitei’s 
This concentration of trichloracetic acid was the same as that of the plasma 
filtrates Each sample was counted at least three times The a\eiage recover) 
was found to be 83 per cent witli a standard deviation of ±7 48 as compaied with 
aqueous dilutions containing the same amount of P^ (Table VI) Two milli 
hter samples of the tnchloracetic acid filtrate piepared fiom plasma iveie found 
to weigh about 37 mg per square centimeter Table III indicated that a re 
coiery of 82 per cent of the added P*® Mould have been expected on the basis 
cf film thickness Thus the obser\cd mean recovei\ agiees well vith this \alue 
The fairly large standard de\iation is piobably due to the ver) tonsideiable 
ph\sical differences in the dried trichloracetic acid film filodifications of this 
part of the piocedure are pioceeding 

A senes of experiments was peiforincd vluch indicated tliat filtiation 
tlirough ‘Wliatnian No 42 paper did not contiibute to losses lu radio actnit) 
Consequent!) the observed counts foi the total acid soluble fraction of plasma 
''eic corrected on the basis of the in vitio leco^ery expeiimeuts piescnted in 
Table VI which shoMed an avenge loss of 17 pei cent of added P^ , togetlier 
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Table VI Eecovery op P32 iy Trichloracetic Acid, 0 16 Gji Triohi oracetic Acid 

IN 2 ML 


(COPRESPONDS TO Plasma Total Acid Solubie Fractioa) 


PER CENT RECOVERY* 

PER CENT RECOVERV 

73 

84 

69 

84 

85 

83 

85 

78 

84 

87 

64 

97 

64 

78 

84 

84 

83 

92 

82 

84 

83 

82 

82 

84 

83 

89 

S3 

92 

83 

94 

82 

94 


Mean reco\ery = 83 per cent 
Standaid deviation = ±7 48 


*^dcli figure is based on the aveiage of at least thiee observations 


With the collection of 2 pei cent to compensate foi the volume of the piotein 
pieeipitate Hence, 15 pei cent was added to all counts obseived foi total 
acid-soluble phosphate in plasma 

til the Total Acid-Soluhle Phosphate F) action of Red Blood Cells - 
Two millilitei samples obtained fiom led blood cell piotein fiee filtiates con 
tamed 0 08 Gm of tiichloi acetic acid and weie found to weigh appioMinatei 
17 mg pel squaie een timet ei Table III shows a lecoveiy of about 9 pei 

cent foi samples of this weight Eighteen lecoveiv expel mients contaiumo 
loiowii amounts of P^- and 0 08 Gin of tiichloi acetic acid in 2 ml ® 

weie counted and found to have an aveiage of 97 pei cent lecoveij 0 1 

added P^- with a staiidaid deviation of ± 6 1 (Table VII) Again, tie 
laige standard deviation is piobably accounted foi by difteiences 
physical characteiistics of the diied tiichloi acetic acid film Since 
weie consideied to be moie accuiate than ± 3 pei cent, no collections wei 
toi absoiption due to thickness of film, but 10 pei cent was su 
all counts obseived 111 the total acid soluble phosphate fiaction 0 


cells to collect foi the volume occupied by piotein 


Table VII Recovery of P 32 in Trichloracetic Acid, 0 OS Gm Triciiloil 

in 2 ML 

(Corresponds to Red Blood Cell Total Acid Soluble Fkacti — 


PEP CENT RECOVERY* 



110 

108 

94 

93 

93 

89 

100 

102 

102 


104 

100 

98 

93 
90 

94 
92 

92 

93 


Mean recovery = 97 per ceat 
Standard deviation = ±0 t- 


•Each figure is based on the average of at least thiee observati 
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P" m the Inoiganic Plioiphate FtacUon of Plasma and Bed Blood Cells — 
No eorrcctious foi loss of bj selfabsoiption 11011 . applied to samples of 
moiganie phosphate Tliese sunples iihen diied neighed about 1 mg pel 
square centiinetei Si\teoii lecoien e\peiiments showed an a^eiage redoierj 
of 9S per cent of added with a staiidaid deviation of ± 42 (Table VIII) 
Tiro pel cent was siibtncted fioin the obscried eomihng rates ioi plasma 
to corieot foi the volume occupied In piotcin Foi the same leasoii 10 pei 
cent was subtiacted fiom results olitained foi led blood vorpuseles 


Table VIII Recovehv op I'l Inokcvnic Piiospuate Practiovs 



PER CENT RECOVEK\ 


PlxAbMA 

RED 

BLDOU CELI -5 

9a 


103 

95 


94 

00 


9G 

92 


101 

9o 


97 

94 

Jfeaa rccoicr> = 99 per cent 
Standard doMation =±4 2 

Do 

10a 

lOb 

100 

08 


EacJj flffure is based on tiio aieragc nf at least three obser\'i.tlons 


P“ m Vane — Uiiiio samples appealed to otter 110 difiioulties fioiii the 
standpoint of counting techniques Then thickness and eonsistencj did not 
diffei enough from that of the ooiitiol aqueous solutions of P * as sodium phos 
pliate to introduce aiij significant eriors AH of the in vitro tests peifoniied 
in which known amounts of P‘ weic added to iimie indicated 97 to 103 pel 
per cent recover) of the added P"^ Some modification of the method might 
he necessary foi urine containing 1 irge amounts of protein hut such coniplica 
tions have not been encountered 

It IS appaient fiom the data piesented that iiumeious collections pun 
cipall) for sclfabsorptiou, are leqiuied in ordci to make reliable deteimmations 
of 111 plasma and led cells bj beta particle eouiitiiig The correction factois 
necessarj ma) be determined e\peiimeiitall) as m the piesent communication, 
or selfabsoiption corieetioii factois ma) bo appio\imated fiom the following 
equation piesented in a simplified theoij m lu aifieie b) riuharty® 


wlieio No IS the counting late without absorbei N is the counting late witii 
g glams per square centiraetei of absorbei, and p. is the mass absoiption co 
efficient 

The relation between n and the iiiaMmuni beta lav energ) is given rouglil) 
(Eniax >05 mev ) bv 

fi =z 22/Emax*/^ 

"hen, Emax is the maximum energ) of the beta ia)s emitted Ema-\ 13 172 
'»e\ and /i is 10 7 foi P=" 
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Fig 1 pieseuts a plot of the theoietieal latio-^n— as a function of nnlli 

No 

gianis of sample in each scpiaie centimetei assuming that the total activity is 
contained in each sample, but unifoimly distiibnted thioughout Also plotted 
aie the obseived values as found expeimientally It may be seen that the 



mg/cm 


UUMBtCtOKm— « 

Fig 1 — Relationship between ratio of observed and true' the 

square centimeter sample counted Solid line represents the tlieoretical councs 
relationship between beta ra> eiierg> and nilligrams pci square centimeter a 
equaUon on the chart 


t 

agieement between theoiy and expeiinient is good to within 5 pei cen 
cept foi isolated instances, the fiaetion of counts obseived was gieatei than 
expeiimental vmlue, but the shape appeals piopei aside fiom low quantities 
absoibmg mateiials The disci epancy at low giams per squaie centime ei^^^ 
not unexpected, although a satisfactoiy explanation with ^ 

has not been given ilost likely the vaiiation fioni theoiy repiesents 
mgs in the standard due to piling up on the edges and jq 

etij with lespect to the Geigei tube The spread in value can be a n 
the differ ences in the physical character of the diffeient samples 


SUMM.VRY AND CONCLUSIONS 

1 Methods are described foi the determination of radioactive 

111 plasma, red blood corpuscles, and urine following the intiaveiioiis^ 
of 100 to 200 niicioeuiies of the isotope in normal human siujee 
methods also are applicable to in vitro experiments 

2 The separation of the total acid-soluble and inoigainc used 

tions of plasma and red blood corpuscles is desciibed and t le 

for piejiaiing and counting radioactive samples lionr these lac ' 
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3 Losses of ladioactnity sclfabsorption iii thick samples aie discussed 

4 Certain collection factois arc nccessiij for compaiisoii of counting 
rates obtained in samples possessing diffcicnt physical chaiacteiistics The 
demation and use of suck collection iactois aic discussed 
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A jMBTHOD for determining a-AilYLASB ACTIVITY 

E P ZiNKER, M A , VND P J Reithel, Ph D 
Eugene, Ore 

U NTIL lecently, methods foi deteimimnsf a-amylase activity in seium oi 
vume weie based on the estimation of the leducing siigais foimed duinig 
the enzymic hydiolysis of staich Pioni the woik of Cattle and Hanes* it be 
came appaient that the late of staieh hydiolysis could be followed by deter 
mming the deciease in staich concentiation as nieasuied by the coloi of the 
staieh-iodme complex Duiing the last yeai, while the piesent woik was m 
piogiess, two communications appealed-* •* which desciibe methods based on 
this piinciple It is eleai fiotii these investigations, and fiom oui own, that 
a-amylase initially eatalyzes the pioduction of starch fiagments which vield a 
diffeient eoloi (oi none) ivith iodine than does staich, that the deciease in 
staieh concentiation, as evidenced by the stai eh-iodiiie complex coloi, can be 
estimated aecuiately photometiieallv, and that the deciease m starch concentia 
tion mitiallv is a measnie of a-amjlase activity Because of the appeal ance of 
the lattei publications- ^ oui own expeiiments conceining the basic piinciples 
will not be lepoited This papei will be limited to a desciiption of the method 
developed which seems someivhat smiplei than those previously described an 
appears to be quite suitable for routine work 

method 

Beagents — 1 Starch solution 01000 Gm of Aleick soluble starch and 0 3 Gm MC 
were dissolved in 250 ml 0 IM Na.HPO, KH PO, buffer, pH 7 0 This solution canno 
stored for more than one or two davs . ■ o, 

2 Iodine solution 127 Gm iodine and 10 Gm KI nere dissolved up to , ni ^ 
distilled w ater If stoi ed in a glass stoppered bottle the solution is stable or a o 

***°***'' it 1 arc 

Procedure — To numbered Klett tubes coiitaimng 3 0 ml ice cold ju 

added 0 5 ml aliquots of whole serum or serum diluted with normal saline ^ ^^^ter hith 
eluded The contents of the tubes are quickly mived and meubated in a 37 .jij 

for exaetlj five minutes and then placed in an ice water bath Using the same 
dition, 3 0 ml of the iodine reagent are added immediately and rapidly from a u 
sever il minutes, 4 0 ml distilled water are added and the contents well niive tlic Ivktt 
fifteen minutes from the time of addition of iodine reagent the color joduio rc 

Summerson photoelectric colorimeter using filter 06 It should be note 
agent slows amjlasc action markedly but does not abolish it completely 

RESULTS 

To assay the sensitivity of the method and lineal it}" of diluted 

loiving expeiiment was performed Aliquots of a noimal seium 
with 0 9 per cent saline as indicated in Table I and the a-araj as 

detei mined as desciibed in the pievious section The lesu ts be 

little as 0 1 ml of seium can he used and that theie is a mear i 
tween enzyme activity and staich-iodine coloi 

From the Department of Chemistrj Univeraitj of Oregon 
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Table I a Amylase Acotvitt of Diluted Serum 


ML. WUOLE serum PER 0 5 ML AUQUOT I 

OF DILUTED SERUM | 

OPTICiL DE\SIT\ X 1000 

0 

3o0 

0100 

256 

0 2o0 

192 

0 333 

104 

0 400 

13o 

0 500 

104 


If it IS desirable enz-yme acti\it\ can be expressed iii units One unit is 
defined as the amount of enzMUe in 10 ml A\hich eauses the Indioljsis of 001 
of staich in one minute at 37° t in a phosphate buffci of pH 7 0 Theie 

fore, 

12 (1 - 4 ) 

OOIxSxOj ~ 

where A is the densitj reading of the unknown B is the density leading 
of the blank, 1 2 is the nunibei of milligrams of starch in 3 0 ml of substnto 
0 01 is the iiumbei of milligiams of staieh hjdioljzed pei unit aetiMtj per 
minute, 5 minutes is tlie duiatioii of incubation and 0 5 is the number of milli 
liters enzj me solution taken 


Table II Eeproducibiut\ oi a Ami lase Assay Method 


SAMPLE 1 

1 I\E.\PERIEVCED STIDENT | 

1 EXI ERIENCED STUDENT 

DENSITY X 
1,000 

1 1 VITS 

1 DENSITY X 1 

1 ] 000 1 

1 UNITS 

A 

151 

w< - 

150 

27 3 


149 


149 

27 5 


149 

27 5 

lo3 

27 0 

B 

111 

32 S 

109 

33 0 


103 

33 9 

104 

33 8 


104 

33 8 

102 

34 0 

Blank 

350 


3o0 



In oidei to judge repioducibihU, the lesults of a student peifoiming tlie 
test foi the fiist time weie compaied with those obtained b\ one liaeing e\peri 
ence with the method The data are summarized in Table II The time re 
quired foi the analjsis of si\ samples is appio\unateh thiitj minutes 

Sera fioiii several students selected at random were assajed for a amyhse 
aetuntr Table III indicates the range of normal v alues obtained 


Table III a Vmylase Activity op Nokmai Seilv 


SUBJECT 1 

AGB 

] \CTI\IT\ IN UMTS 

Male 

28 

-7 3 

Female 

23 

33 6 

Male 

20 

32 8 

Male 

24 

28 8 

Male 

27 

28 4 
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SUMMARY 

A Simple pliotometiic method foi cletei mining a-amylase activity has been 
developed which is applicable as a loutine method in the clinical lahoiatoiy 
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A SIJIPLE, INEXPENSIVE APPARATUS FOR THE DESICCATION OP 
BACTERIA AND OTHER SUBSTANCES 

J W Hornibrook* 

Bethesdv, Md 

T he ad\antagcs of desiccation fiom the fiozeii state ha\c been mentioned 
manj times m the liteiature The piinciples in\ohcd mil not be detailed 
here, as the leader may find theie in man\ excellent levle^\s such as those of 
Giea\es^ and Flosdorf and co noikers 

The apparatus to be desciibed lias the follo^vlng ad\antBges (1) the 
device is simply and easily constiucted, (2) the cost of opeiation is low, (3) 
it IS \ersatile Hateiial maj be dried at various temperatuies and to a definite 
raoibtuie content The diied mateiial inaj be sealed off in vacuo oi undei 
various gases 

CONSTRUCTIO'J 

The appaiatus as seen in the photogiaph Fig 1 is qiute simple It 
consists of a Pyrex cyliudei about 2 in in diameter suppoited horizoiitallj 
and of a length to suit the convenience of the operator It is closed at 
both ends and has a giound glass stopper on the top Five oi more side aims 
of in glass tubing extend out on each side at about 10 and 2 o’clock to 
which aie fastened by means of lubber tubing the F tubes and ampules The 
cjlmdei will conveniently hold 100 cc of sulfuric acid which is the drying 
agent 

OPERATION 

The sulfuric acid is placed in the apparatus with the aid of a funnel The 
stoppei IS gi eased with silicone stopcock grease and replaced The F tubes 
ampules, and rubbei tubing arc also lightly coated with silicone grease and 
placed on the side arms The small U tube inercuiy manometei is placed on 
the special arm at one end and the vacuum punij) connected to the other The 
ampules aie fiozeii in a bath of dry ice (solid caibon dioxide) and alcohol and 
the vacuum pump is turned on When a vacuum of 0 5 mm or moic is obtamed, 
the dry ice and alcohol bath is removed and the material allowed to dry The 
liquid in the ampules may be ‘snap frozen” if dry ice is not available This 
is done bv cautiously opening the connection between the pump and the machine 
^ir in solution m the mateiial to be diicd will be evolved as bubbles When 
all this air is expelled the connection between the pump and the macJmie may 
then be opened completelv The contents of the ampules then will rapidh fall 
ni temperatuie and within a few minutes will suddenly freeze The size of the 
ampule should be lai^e in pioportiou to the amoiuit of liquid to prevent bubbles 
being diawn into the neck of the ampule After a vacuum hns been obtained, 

r'rom the Biologies Control Laboratory National Institutes of Health 
Recehed for publication June 4 1949 
Senior Surgeon United States Public Health Service. 
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me The next line indicates the teiiipeiatuies of a condeiisei iihicii in a closed 
system will pioduce these vapoi piessiiies The next seven lines indicate the 
peiceiitage by weight of sulfinic acid necessary at seveial tempeiatiiies to 
pioduce these piessuies On the lowei left aie indicated the final tempeia 
tines of the diied milk 


If one wishes to diy milk to a iiioistuie content of, foi example 2 5 pei 
cent at looni tempeiatiiie (25° C ), one chooses a bai whieh is the same length 
as the distance fiom 0 of the moistuie scale to the 2 5 maik Tins bai should 



% Hg SO4 

Relationship between moisture content of \arious substances and \apor pressure at 
equilibrium (three dajs at 3“;° C ) 

lest on the 25° C line Following veitically i^iwaid fiom the hose of this 
bai, we find a vapoi tension of 1 2 mm of Hg On this same hue, we find 
-15° C, which IS the tempeiatuie of a condensei giving this vapoi piessure 
If we ivish to use sulfuiie acid as a desiccant at lOom tempeiatine, we fiat 
that appi oximately 69 pei cent will be right 

In Fig 2 the moistuie content of milk was detei mined by placing 
ing bottles of diied milk in desiccatois over various concentrations of su un 
acid until the weight remained constant They were then held ovei s 
under a vacuum to constant weight The loss of weight over P.O. vas con 
sideied a water loss Knowing the iveight of the sample, the moistuie ^ 
was calculated The other data included were obtained fiom stama 
tables ® 




VPPVRATUS lOR DRSILCATION OF BVCTERIV 


1319 


The chait (Fig 2) was based on skmi milk as we ha%c found this a 
siutable ^ehlcle foi diying oiganisms The data in Fig 2 will not appl} 
when piedicting the moistuie content of othei substances diied o^el sulfuiic 
acid 

As shown in Fig 3, nutiicnt broth skim milk, rabbit biaiii, and human 
plasma haae been diied foi thiee days over sc\eral concentrations of sulfuiic 
acid Each concentration of sulfuuc acid will pioducc a diffeient ^^atel aapor 



TIME m HOURS FROM ESTABUSHMEHT OF VACUUM 

4 — Relation between moisture content of milk and time of desiccation on the 
apparatus described Moisture contents determined with Fischer r a^ent.* irreffulantj at 6 
flours probably duo to absorbtlon of water Into ampule which was removed In the e\ening and 
fwted the next momlne 


tension It is appaient that for any gi\en vapoi tension the nioistuie con 
tent of one substance may dilTei fiom the moisture content of another 

Desiccation with this appaiatus is quite lapid, as illu&tiated m Fig 4 It 
^aii be seen that equilibrium has been reached m five hours 

Using Vihno cholerae as a test organism drymg runs were made on this 
apparatus and on anothei mamfold type of apparatus which employed dry 
ice and ilethylccllosoh e foi moisture removal On three runs using sulfuric 
acid the peicentage of oiganisms remaining viable after drying as determined 
bj plate counts done before and aftci drying was 1 3 pei cent 0 05 per cent, 
and 0 5 pei cent The percentage of viable organisms on two runs -with dry 
^ce i\ as 0 4 per cent and 0 05 per cent 
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SUMMARY 

An apparatus is desciibed foi desiccation of biologicals and othei substances 
which IS cheap in initial and opeiational cost and which will diy to a pie 
detei mined moistiiie content A giaph is piesented showing the lelations be 
tween the moistuie content of milk, siilfiiiie acid concentiation, coiuleiisei 
tempeiatuie, and vapoi tension 
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ERRATUM 

In the article b\ Innes, Innes, and Moore, “The Hematologic Changes Induced ^ 
Guinea Pigs bv the Prolonged Administration of Pterovl Glutamic Acid Antagonis , ^ 
111 the July issue of the Jouravl, Met Fol B was stated to be 7 methyl pteroic aci 
IS incorrect Met Fol B la Nm methyl pteroic acid In the list on p 885, 
thioughout the a-ticle, please read Ni® methyl pteroic acid instead of 7 methyl p eroi 



BLOOD COAGULATION IN LEUCrVI V AND POLYC\ TIIEJIIA VALUE 
OF THE HEPARIN CLOTTING TIME \ND CLOT RETRACTION RATE 


Robfut L Rosenthal jM D 
BeRKELF\ C VLIF 

INTRODUCTION 

T ILROjMBOSIS and liemonhag^e aie two of the most piominent causes of 
complication and molbldlt^ in disease This is paiticularlv tiiie of leucemia 
and poljc^tliemid ^e^a Tluombosis ospeciallj of the cerebral and coronar\ 
\essels, represents the most serious threat to life in poKcjthemia ' ^ * Cun 

ouslj enough hemoiihnge also oecuis in this disease It is t fiequent symptom 
m the foim of epista\is and bleedint? gums or ma\ be quite seveie aftci anv 
type of suigieal opeiation e\en tooth e\ti action ° ^ In leucemia hemoi 
ihage has long been a widely lecognized finding and a theiopeutic pioblem ^ ® 
The \alue of studying the blood coagulation mechanisms in these diseases 
IS lendily apparent IIoweNei a ic\iew of the htoratuie ie\ealed no adequate 
or e\tensne study of blood coagulation in these conditions e\ccpt foi a study 
on thrombocytopenic puipuia m leucemia by Rosenthal ® 

In acute leucemia and m many cases of chiome leucemia bleeding can be 
ettiibuted to a maiked depiossion in platelet count and function In these 
instances, the usual tests foi platelet function such as bleeding time tourniquet 
test and piesenee of clot leti action gi\e abnoimal lesults Bleeding m the 
absence of a definite thiombocytopcnia oi abnoimality of the above mentioned 
clotting or hemostatic tests as is fi equently olseived m chi oiiic leucemia has 
ne\ei been e\pHined adequately In his monogiaph on leucemia Foiknei*® 
stated Fi equently no adequate explanation can be advanced as to the cause 
of bleeding m leukemia The problem has been studied inadequately ” 

The geneial opinion upon coagulation thiombosis and hemoi rhage in 
polycythemia vera has been well sunimaiized by Haiiop and AVintiobe^^ 

“The blood platelets may be noimal in numbei but are frequently m 
cieased sometimes to tlnee oi foui times then nounal values The various 
losts of the efficiency of hlood coagulation levcal no striking abnormality 
ElecdniQ time is usually essentially noimal and coagulation time noimal In 
spite of thiombocytosis clot leti action may be slow and little senim is usually 
filmed piobably because of the gieat iiicicase iii the size of the blood mass 
These featiues may explain not only the abnoimal tendency to tluombosis in 
Ihis disease but the blood vessel engoigeinent and slow dot leti action suggest 
explanation foi the fiequent hemoi ihages ’ 

rnmi Uie I)l\i<ilon of Medical Pli> ics and the Donner Laboratorv Unl\cr lt\ of Cali 

S nice, ^voik was supported In part bj a grant from the United States Public Health 
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It also has been observed that the clot foimmg fiom polyeythenue blood 
IS fi agile and may dissolve oi become fluid upon minimal agitation 

It IS the puipose of this papei to lepoit the lesults of a one and one hah 
yeai study of blood coagulation in foity-flve patients with polycythemia vera, 
twenty-eight patients with leucemia and sixteen patients with other diseases 
Dunng the eouise of this study, two new tests of blood coagulation vere 
developed and caiefully standaidized upon sixty-foui iioinial subjects These 
tests ai e 

1 Clot 1 eti action late A quantitative measuie of clot letractioii obtained 
by eleeti le i esistanee iiieasui enients 

2 Hepaiin clotting time A modification and siniplilication of the heparin 
toleianee test, which iiieasuies the effect of added hepaiui upon the clotting 
time of blood 


METHODS 

All blood coagulation tests vere performed in a Mater bath regulated at 37° C upon 
lenous blood carefully drann to avoid tissue juice contammation A dry syr'nge and 20 
gauge needle Mere used The first and last cubic centimeters of blood in the sjTmge nen 
not used for these tests Blood coimts Mere performed upon capillary blood 

Clot lietractwn Bate — A method* Mas developed and described bj Kosenthnl and 
Tobiasia bj Mliich a quantitative measure of clot retraction, as Mcll as other mformatioii, mar 
be obtained bj the measurement of the electric resistance of freshly draun blood, as it clot* 
Fig 1 shoMs a typical electric resistance curve Mith explanations and illustrations of the 
changes dunng coagulation 

Since the increase in electric resistance is caused by retraction of the clot around the 
electrodes, the slope of the rising portion of the resistance curve is comparable to the clot 
retraction rate ” The resistance increase was usually Imear and most rapid during t e 
first forty minutes of measurement Tlus period also was subject to the least amount o 
error and variation such as result from the edge of the electrode cutting tlirough the re- 
tracting clot The clot retraction rate is calculated in the follovvang manner 


Clot retraction rate 
in ohm centimeters per minute 


Specific resistance 
at 35 min 


35 nun 


Specific resistance 

at 15 min 
15 min 


Normal range 4 to 10 olim cm per mmute, average value 7 1 ohm cm per nimu 
Heparin Clotting Time or Heparin Prolonged Clotting Time Tlus test 
effect upon the clotting tune of the addition of 004 mg of heparin to 1 c c of 
The use of this amount of heparin was arrived at bj an extensive study upon tee 
various amounts of heparin upon the clotting time of blood ^ 

Pyrex test tubes, 100 mm by 13 mm m dimensions, were marked with a sera 
lev el coincident with the bottom part of the meniscus of 1 1 c c of fluid was 

luted to provide 004 mg per 0 1 c c of isotonic salme , 0 1 c c of tlus heparin s 
placed m a dry test tube prepared as described The clotting time was t 
after placing freshly drawn blood in the tube up to the scratch mark, there y a ' jmppc 
blood The blood and heparin were thoroughly mixed by inverting the forniabon 

was inserted and the tube was exammed with minimal tilting and agitation or 

1 K r nr f* W Tobias nsslstc 

•the method of electric resistance measurement was revised oy ur coniparms , 

by Mr IL Lipetz Measurements since June 1S48 have been obte meu me 

potential across the electrodes to a standard potential A ^bnstant rogxstanca 
resultant potential across the electrodes is direotlv related to ^be elec yjorthrup) 

ments are recorded automaticalK bv a 6 channel Speedomax iueeas 


ments are recorded automaticallj 
twelve seconds for each sample 


tHeparin made by Lederle Laboratories was used in tbis | gait of 
•ations which may be used in this test consist of the purincu 


preparations which may 
solution 1 c c. containing 10 mg of heparin 
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of a firm clot at one nunute intcnala beginning at twelve minutes The end point or clotting 
tune occurred when the tube tould bo completely inverted without any fluid breaking from 
tho clot Careful attention to three factors m the technique cliiumated much error and vana 
tioa. 1 Precise measurement of the ^oIumcs of heparin solution and blood Tho use of a 



1 — TjpIcaJ electric resistance curve with explonatlons and Illustrations of the chansres 
during coaffulatlon 

pipette for tho measure of blood was not necessary if tho relation between tho scratch mark 
and meniscus of the blood was consistent 2 Thorough mixing of the heparin with the 
blood 3 Minimal agitation of tho blood m the determination of tho clotting time In the 
course of this study it was possible to obtain good end points for clotting times as long as 
fi\o hours Duplicate measurements upon aliquot samples of blood showed an average vana 
tion of less than 5 per cent. 

Normal range 20 to 35 minutes Average value 27 5 minutes 

Clotting Tune (Lee White) — This is a variation of tho Leo White clotting time One 
cubic centimeter of blood was placed m a drj Pyrex tube, 100 mm by 13 mnn m dimensions 
The tube was examined for clot formation by minimal tilting cverj half minute. Normal 
5 to 10 5 minutes 

Toluidine Blue Titration Test — Tins test measured the effect of a senes of concentra 
tions of toluidino blue on the clotting time of recalcilicd oxalated plasma Venous blood was 
mued with 0 1 molar sodium oxalate nine parts to one and centnfuged for fifteen minutes 
Rt medium speed in a small clinical centrifuge One tenth cubic centimeter of plasma was 
added to each of six increasing amounts of toluidmo blue* in 0 05 c c of isotonic salme One 
tenth cubic centimeter of 025 molar calcium chloride solution was added to eatU tube which 
'vas then examined every fifteen seconds for clot formation A control tube containing saline 
Without toluidme bluo was also measured 

Clot TetracUon hy Inspection — Tho amount of clot retraction was estimated by external 
inspection of the clots formed in tho electric resistance, heparin clotting, anl White 
clotting tubes at four and twenty four hours 

V Toluidine bluo 0 made by National AnlUno Division Allied Chemical and Dje Corp. 
'cw Toik N T Total d>o content was 69 per cent 
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lileedincj Time — The method described by DuKen \ns used The eir lobe vvia firmb 
punctured with a pointed scalpel blade and was observed evei> half nimute for ces'^ition of 
bleeding Normal range 2 5 to 6 minutes 

Piothiomiin Time — A variation of the Quickis method described by Rosenfield and 
Tuftio was used with a few modifications Dried rabbit brain thrombophsbn (made by 
Difco Laboratories) was freshly prepared each time measurements were made 0125 molar 
c ikium chloride was used Determinations were made on 100 per cent and 10 per cent ph'nn, 
which was diluted with barium sulfate treated plasma Normal ranges 100 per cent plasm i, 
14 0 to 18 0 seconds , 10 per cent plasma, 24 0 to 35 0 seconds 

Tourniquet Test — A rubber tourniquet was placed snugly around the lower part of the 
arm for five minutes without obliterating the arterial pulse A positive test consisted of the 
appearance of numei ous petechiae beloiv the level of the tourniquet 

Hematoent — Heparinized blood was placed m a Wintrobe tube and centrifuged for 
one half hour at 2,000 revolutions per minute The leading of the red cell volume in per cent 
was then made Noimal range 40 5 to 51 0 per cent 

Sedimentation Sate of Sed Cells — Heparinized blood was placed m a Wintrobe tube 
and the amount of sedimentation of the red cells was measured m millimeters after one hour 
Platelet Count — ^Bed cell pipette and Bees Echers diluting solution were used Counts 
were determined upon capillary blood Normal range 200,000 to 400,000 

Bed and white cell counts one! differentials were performed according to routine lab 
oratory technique A photoelectric method was used for the hemoglobin determinations 

JIATEKIAL AND PROCEDURE OF STUDY 

The coagulation and hematologic studies were performed both upon normal, appaieiitly 
healthy subjects and upon patients seen at the Donner clinic All the patients were am u 
latory and were distributed from a standpoint of diagnosis as follows polycvthemia vera 
untreated, thirty nine, treated (in remission), four, leuccmic phase, two, leucenua acute, two, 
chronic myelocytic, nine, clironio lymphocytic, sixteen, chronic eosmoplnlic (?), one, lyinphoni'i, 
four, multiple myeloma, two, agnogenic myeloid metaplasia, two, secondary polycythemia, 
two, other diseases fnonhematologic), six , 

At various stages of the study, different groups of coagulation tests were pcrformc^ 
In the last two thirds of the study the followang tests were routinely performe 
traition rate (electric resistance measurement of the blood), heparin clotting time, ee i 
clotting time, hematocrit, and platelet count Bleeding tune, tourniquet test, cry 
sedimentation rate, and toluidine blue titration were performed on selected patiea s 
prothrombin tune was employed only in the early stages of the study 

Many of the patients hav e been studied at various intervals m order to re 
agulation pictme to the hematologic, and clinical course and the effect of pu 

and other therapy However, this leport is primarily devoted to the consi era 
initial studies for each patient 


RESULTS 

The lesults foi each test will be clescxibed biiefly and then some 
lelationships among the coagulation tests, hematologic pictiue, an 
status will be pi esented noinial 

Clot Rett action Rate — Fig 2 shows the lesults of this test 
subjects and vaiious gioups ot patients Foi the noxnial subjects, i 
of two pealis can be seen at 6 to 7 and 8 to 9 ohm cm pei ninni ® 
lange coiiesponds to the peak of distiibntion of seventeen iema e si^^^ 
second to that ot thiity-six male subjects The aveiage values o 
gioups weie not statistically difteient Eleien ot tvientv fixe tuehe ot 

sliowed clot letiaetion lates below the lowei linut ot noima , " 
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forty one patients with poh c\ theima -Ncra had values abo\c the noimal range, 
indicative of ineieased clot letiaction The distiibutions for the other groups 
are apparent 



SLOPE OF ELECTRIC RESISTANCE CURVE 

— Distribution of results of the clot retraction rate for the \arious groups of subjects. 

The relative effect of various factois involved in clot retraction upon the 
clot retraction rate was indicated b> fiiithci analj&is of the data and CAamina 
tion of the pattern of the electnc lebistaiice ciuves The platelet count ap 
Peaied to be the most impoitiiit factoi showing a hi^^h coiiehtioii coefficient 
'^itli the clot letiactioii late of + hi The hematocut as indicated by the initial 
l^lood lesibtanee had only a neglit,ible effect upon the clot retnction late The 
presence of an ahnoimall^ rapid red cell sedimentation rate shov\Ld its effect 
^Pou the pattern of the electnc lesistince ciuvts as illiistiated and cvplained 
h'lo 3, 1 and B This unusiul patlciii called the ‘ atvpical electnc icsist 
curve ’ usually occuircd in the blood of leucLimc patients with low 
^t-uiatociits and npid red eell sedimentation rates The results indicate how 
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evei, that the clot leti action lates computed fiom these euives aie not 
significantly altered by the led cell sedimentation Fig 3, G and D, gucs 
examples of lesistanee curves giving low and high clot leti action lates lespee 
tively Twelve duplicate measuiements on aliquot samples of blood showed an 
aveiage vaiiation in clot leti action late of 10 pei cent 
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M R., CHRONIC ITMPHOCmC LEUKEMIA 

PUTELET COUNT 200,000 
CU3T retraction RATE 37 



F T , POLYCYTHEMIA VERA 

l^PLATELET count 580,000 
COOriixor HETRACnON RATE 176 
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60 


40 60 0 

TIME (MINUTES) ,3„t.ncc cune 

Fig 3 — A and B Hxamples and explanation of \jecreascU 'ind Incrciis 

C and D Examples of t\pical elcctiic icijlstance curves ^hicn ga 
clot retraction rates respectively 

. jjj Flo ^ 

Jlepann Clotting Time — The lesults of this test aic ]llcie“ 

Thiity-three iioimal subjects showed a iioimal distiibution o ^ jegrc’c 
of twenty-one leucemie patients shoived a definite piolongation ii,niutc;> 
up to 155 mm , as compaied with the uppei limit of iioima o 
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In poljcytiieniia \era, twen»i foiii patieiifi had iiojinal \a)ues fJiiee values 
were rapid and eight pioloiiged The effect of an ciei ated iieiiiatoerit upon these 
results meiits special eoiisideiation Since the staiidaid amount of hepann 
IS added to a constant lolunie of blood samples with higher hemafoci its will 
haie a coirespondiiigly highei hepaiin eoncentiafioii m the plasma As red ceils 
do not appeal to plaj aiij actne pait in the clotting piocess the liigher hepann 



HEPARIN PROrONGEO CLOTTING TIME {MINUTESl 
0.004 MO HEMlRtN ADDED TO I CC Of BLOOD 


Fl 4 — Distribution of result^ of the beparln clotting time (or heparin prolonged dotting 
UnicI for the \arious groups of subjects 

concentration m tlie plasma could couceivablj increase the Jiepann clotting time 
Tins was found to be tiue foi one patient who Jiad hematocrits of 71 63, 58 and 
■^9 pei cent at the times of stud> Coriection of the Iieparzn clottmg times 
^or Jieniatociit caused a shift of fi\c patients in the normal lange to the rapid 
range 

In tlie other gioups patients witJi Jjmphonias and other hematologic disease 
tended to sliow piolonged 'alues while all patients without anj primary hemato 
poietic disease weic iii the noimal lange 

('lothng Tme {Icc White) — As shown m Fig 5, all the iiatients showed 
formal \ahics foi this test 
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Table IEL Coagulation and Healatologic Data roa Polaoatiiemia Vera Patients With 
Increased Clot Retraction Rates 





CLOT RE 










TRACTION 


HEPARIN 

CLOT 

RED CEIL 


WHITE 




RATE 

1 LATELET 

CLOTTING 

TING 

COUNT 

IIEMATO 

CELL 



DATE 

(OHM CM 

COUNT 

TIME 

TIME 

(XIOS) 

GRIT 

COUNT 

PATIENT 

SE\ 

(MO YR ) 

PER MIN ) 

(CU MM ) 

(MIN ) 

(MlJf ) 

(CU MM ) 

(%) 

(CU MM ) 

A F 

F 

10 47 

10 2 

680 000 


9 

5 72 

45 

18 800 

II M 

M 

9 48 

10 3 

200 000 

29 

9 

7 34 

60 

16 600 

L G 

U 

4 48 

10 5 

600 000 

26 

7 

816 

69 

14 200 

A P 

ir 

10 47 

111 

470 000 

_ 

8 

7 70 

58 

21 800 

n K 

M 

4-48 

12 3 

350 000 

31 

6 

5 54 

515 

13 500 

T P 

M 

G 48 

13 2 

400 000 

25 

6 

512 

52 

12 500 

F W 

F 

10 48 

13 9 

480 000 

25 

11 

6 84 

60 

39,000 

P B 

11 

11 48 

13 9 

o80 000 

20 

8 

8 30 

61 

33 000 

G T 

11 

6 48 

150 

376 000 

17 

5 

616 

65 

12 000 

1- K 

F 

10 43 
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490 000 

43 

10 

7 45 

62 5 

10 300 

C R 

ir 

10 48 

lo7 

o40 000 

24 

9 

6 88 

64 

35 500 

I T 

11 

11 48 

17 G 

580 000 

24 

8 

0 42 

56 

13 7o0 


In the clot retraction studies inspection of the clots fiequently showed 
little 01 no evidence of clot letiaction, Avhile, at the same time the electiic 
resistance curves indicated abnormally lapid retraction When the electiodes 
weie remoAcd aftei tuontyfom hours a small, dim clot was often found 
well rcti acted between the electiodes This was suiiounded by led cells sus 
pended in seium which composed most of the Aolume of the sample This 
tended to occui chiefly in patients with both elevated hematocrits and platelet 
counts These patients also gave poor end points of clotting time and some 
times a solid clot either neA ei foimcd or lapidly dissolved 

Foul patients in hematologic icmission had normal clot retiaction rates 
Platelet counts Aveie noimal iii thiee patients slightly depiessed below 200,000 
in one Hepaim clotting time avis noiraal in two and prolonged in two Of 
the tuo patients in the leucemic phase of polycythemia one had a depressed 
platelet count and low clot retiaction rate, while the other had noimal values 
for these tests and foi the hepni in clotting time 

Othei Diseases Because the uumbci of patients in this category is small 
and the tvpes of diseases vaiied only some general obseraations will be made 
Patients With lymphomas and othei diseases lelated to the hematopoietic sys 
tern ocneially shoAved some bone maiioAv depression as evidenced b> anemia 
and slight thrombocytopenia None had any sign of hemorrhage These pa 
tieuts tended to have piolonged heparin dotting times and loweied clot le 
ti action lates Patients Avtihout hematologic disease and Avithout eaudence of 
hone mairow depression had normal platelet counts, clot retraction rates 
aU(i hepaiiii clotting times The tAvo patients Avith polycythemia secondary 
to congenital caidiac abnormalities had normal a alues for these tests 

DISCUSSION 

'Ihe lesults of this studj liaie leiealcd ceitam new findings relatiAe to 
^ilood coagulation in leiicemia and polycythemia vera 

One half of the patients A\ith cither chronic myelocjtic or chionic lynipho 
^\tic Icuceinia showed a blood coagulation defect characterized bj sbght 
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thiombocylopema (100,000 to 200,000). dm.tmheO elot lettachon aucl 
piolooged hepaiin clotting time This delect was closely iclaled to He ’pies 
cnee of clmical evidence of bleeding The seventy of the blccdiiis .ippeareil 
o be cspooially lelated to the degiee of hepaiui clotting time piolonealion 
and, to a lessei extent, to the degiee of depression of the clot i eti action i ate 
he platelet count, bleeding time, and touimquet test showed less lelation to 
the clinical pictnie of hemoiihage, while the Lee-Wliite clotting time was 
en 11 ely uni elated It should be emphasized that these patients did not ha\e 
he maiked puipuia, hemonhages, oi thiombocytopeuia (below 80,000) fie 
quently associated with acute leueemia oi chionie leueemia m the teiuiuial 
stage Study of a few patients in these eategoiies indicates the above men 
tioned clotting changes to be piesent m even gieatei degiee 

Leuceiuic patients without any evidence of bleeding showed noinial values 
foi the coagulation tests and platelet eounts above 200,000 These patients. 


in comparison with the foregoing gioup, appeared to be in bettei condition, 
both hematologieally and clinically This is fuithei indicated by the fact 
that one of ten patients in this group had died as of January, 1949, while 
among those patients showing the coagulation defect, five of eleven had died 
This IS compatible with the obseivations of Minot and Buckmaid' and otheis 
that the level of platelets appears related to the geneial status of the leiicemic 
patient, with a progressive thrombocytopenia indicative of a poor piognosis 


In polycythemia veia, it was noted that the blood of patients with ele 
vated hematociits and platelet eounts formed fragile, lapidly dissolving clots 
which ajrpeaied to have poor leti action Electric resistance nieasin ements 
and careful inspection, howevei, often indicated the presence of a small, well 
retracted clot siuiounded by a red cell suspension in seiiiin With a lela 
tively small amount of seiunr piesent, a widely latticed fibrin iietwoik clot 
probably is formed Under the influence of the large nunibei of platelets, 
clot leti action occuis at a rapid late but fewer led cells aie caught in the net 
woik so that the leti acted clot becomes veiy small, leaving most of the red 
cells suspended in seiiini at the peiipheiy to give the appearance of pool clot 
leti action, as lecoided in the literature This defective clot foimation con 
tributes to the bleeding symptomatology nr polycythemia Hence, the fhiombo 
cytosis, combined with the high hematocrit and inci eased blood viscositv, is 
an impoitant factor in both the henioiihagie and thiombotie comolications 
The comparable incidence of history of hemoiihage or thrombosis, nieieasei 
platelet count, and increased clot leti action rate in 33 per cent of these pa 
tieirts merits paiticulai note It emirhasizes the importance of the plate e 
and the iiigent necessity of leducing an elevated platelet count m the tiea 
nrent of poljeythemia reia to avoid serious complication from thi omhos^ 
hemoiihage The depressant effect of and other radioactive 
platelet foinration enhances their v'alue as therapeutic agents in polyey 


veia 

The mechanisin of the pi olongation of the hepaini clotting time, 
indicative of an increased clotting sensitmty of the blood to ad ec 
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cannot be fully explained It m\ohes mconiplctely uudeistood effects of 
heparin upon the clotting niechamsm and the fictois in the blood which can 
eithei iiiactnate Iiepaiin by combining uith it oi which diiectly antagonize 
its anticoagulant propeities On the basis of the piesent study and a eiitical 
leiiew’® of the liteiatuie it appeals that the platelets play a leiy impoitant 
role ni determination of the lesultant effect of heparin upon the clotting 
time This is indicated statistical analysis of the data in the xnesent study 
which leiealed positiie conehtions between the hepaun clotting time and 
both the clot leti action nte and platelet count This is fmthei seen in the 
occurrence of a piolonged heparin clotting time chiefly in patients with 
hematologic evidence of bone mauow depression thiomboc) topenn and im 
palled clot reti action Studies to determine the lelatne effects of platelets 
and hepaun upon the clotting mechanism aie lu piogiess 

The suggestion by Allen and associates'® that in bleeding associated with 
thiombocytopenie puipun an inci eased amount of hcpanii oi suiular sub 
stance may be in the blood appears unlikely In two leucemic patients with 
maikecl hemonhages the toluidine blue titiation test was negatne foi fiee oi 
increased hepaun m the blood One of these patients had a maikedly pro 
longed hepaun clotting time of 154 minutes It is impiohahle that even a 
uiimmal blood heparin luciease which is not gieat enough to be detected by 
any piesent method could aiiproaeh m luipoitaiice the role of the throiubo 
cytopenia as a causatne factoi in the hemoirhogic s}mptoms of these diseases 

The lesults of this stud} indicate the lelatuc \alue of the various co 
agulation tests oi indices The platelet count bleeding time and tourniquet 
test foi capillaiy fiagility are liable to both subjective and inheient eriors 
and, at best give only appioximate and qualitative infoimation The pro 
thrombin time shows significant alterations in a limited type of hemouhagic 
dyscrasia as seen in severe hvei damage The Lee AVhite clotting time leveals 
clotting abnormalities in only a small fi action of conditions of which hemo 
phiha IS the most prominent The limited value of this widelj used test can 
not be ovei emphasized 

The clot letiactioii late obtained by elcctiie lesistance measuiements pio 
vades both an objective and quantitative ineasiiie of clot leti action the im 
portance of which has siiffexed thiough a lack of adequate means for its 
mcasuiement It has been shown that the electuc lesistaiice method eliminates 
the effect of ceitain vainhle facfois such as hematocut and eijthiocjtc sedi 
mentation rate which often pi event leliahic evaluation of clot leti action bj 
inspection Theie is a high coi relation between platelet count and clot re 
traction rate Its clinical use is limited bj the equipment leqiiued hut a 
povtablc instrument is in the piocess of development 

The hepann clotting time appears to give an evtiemely sensitive and 
quantitative coagulation measuYenient in close agreement with the clinical 
findings The value of this test in the detection of acceleiated clotting in 
thiombotic conditions has long been leahzed ® * but it has been of little dm 
'^al vahie because of inadequate standardization and simplification The 
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Tltes The test „ , . T , “ «'« « 

ciilties The test can leadily be adapted to loutine cluneal use foi the cletec 

tion of eithee a xaped o. slow clotting process In addition to its 

’s alue, It can sei ve as a valuable theiapeutic guide ^ 


SUMMARY 


the tZln Tt " measmement of blood coagulation aie piesentecl 

! I t the clot letiaction late The hepaiiu clotting 

t me measiues the clotting sensitnity of the blood to added hepaini The 
lot leti action late is a quantitative measuie of clot leti action obtained hi 
ee lie lesis ance measuiements Both tests weie well standaidized on a 
arge num ei o noimal subjects Cleaily defined iqipei and lowei hunts of 
noimal were established 


ionic leueeniia, both myelocytic and lymphocytic, one half of the 
pa len s s owed a pieviously umepoited coagulation defect eliaiacteiized hv 
a pio ongation of the hepaiin clotting time, deci eased clot letiaction late, and 
a slight thiombocytopenia between 110,000 and 180,000 The seventy of this 
ce ect was closely lelated to the degree of hemoiihagic symptoms No fiee 
01 neuti alizable hepann was detected by a toluidme blue titiatioii test iii the 
ooc of two patients with maiked hemoiihagic symptoms and the foiegomg 
clotting defect Leucemie patients without this clotting defect and thus mth 
noimal values foi the coagulation tests showed no evidence of bleeding These 
patients were in bettei condition, both hematologically and clinically, and had 
a ettei piognosis than patients with the coagulation defect 

3 Of the untreated patients with polycythemia veia and elevated hemato 
cuts, 33 per cent showed inci eased clot leti action lates and platelet counts 
elevated above 400,000 A similar percentage of these patients had histones 
of eithei thrombosis oi hemoiihage An explanation is given foi the siniul 
taneous piesenee of an inci eased clot leti action late, external appeal ance of 
pool clot letiaction, and the foimation of fi agile, leadily dissolving clots ni 
many of the patients These studies indicate that the elevation in platelet 
count IS the most impoitant single factoi in the occuiience of both hemoiihage 
and thiombosis in polycythemia Theiapy should aim towaid the lapid reduc 
tion of an inci eased numbei of platelets 

4 The lesults of this study provide indications of the lelatne cluneal 
value of the vaiious coagulation tests The inadequacies and Iimit<itions ot 
the platelet eoiuit, bleeding time, tourniquet test, and clot leti action estimate 
by inspection aie shown The extiemely limited value of the widcl} nse< 
Lee-White clotting time cannot be ovex emphasized The clot letiaction late 
provides a useful, quantitative measuie of clot leti action but it icqnnes spa 
cial equipment foi its peifoimance The hepaim clotting time appeals fc a 
the most valuable single test oi index of coagulation Eeadilv ad ipta a o 
both loutine clinical and expeiimental use, it enables the detection of ei 
abnoi mally inei eased oi deci eased clotting ability 

The author \\ishc3 to thank Dr John H Lnnrence for In'; \alual)le 
tinued interest, and Agnes Benedek for her assistance Dr H Jones and 
proMded assistance in the presentation 
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STUDIES ON THROMBOCYTOPEN 


I A Reli\blc Test for This Principle in Organ Homogenates and in Urine 


Karl Singer, M D , and Royal Roiter, 31 D 
Chicago, III 

I N 1933 Toiiioli and Puddu-® discoveied that an extiaet piepaied fiom the 
spleen of a patient Avith idiopathic thi ombocvtopenic puipuia coutainecl an 
agent which injiiied the niegakai 3 'ocytes m bone maiiow cultuies The same 
piinciple Avas then found to be present not only in noinial spleens, but lu other 
noinial oigans as AA'ell (liA'ei, lung, lieait, lymph nodes, and omentum), although 
in appaientty lessei eoneentiations When a piotein-fiee aqueous extract 
tiom a noinial spleen Avas injected intiavenoiisK mto labbits, a consideiahlc 
lediiction ot the platelets in the eiiculating blood became noticeable Blood of 
the splenic imin contained nioie of this agent in compaiisoii Aiitli blood of tin. 
splenic aiteiA’^ Based on these findings, the hipothesis A\as adi'anced that 
thiombocj topenie purpiiia may be caused bj^ an inci eased pioduction of a 
platelet -1 educing substance in the spleen SpleiiectoiiiA'’ theiefoie should abol 
ish this faetoi 

Tioland and Lee’” in 1938 demonstiated that acetone extiacts of thiee 
spleens of patients Avitli Weilhof’s disease deeieased the platelet count shaip' 
when injected into labbits TIica'' called the piniciple lesponsible for leso 
changes “thiombocytopen ” Hoai'CA'ci, these Avoikeis Aveie not able to 
thiombocAtopen fiom uoimal oigans (including the spleen), noi fiom sp ee 
ot patients Aintli hemohtie anemia oi Banti’s SAndiome 

Subsequently inanA iiiA estigatois liai'e studied this piobleni 
some could confiim these findings,® otheis did ° ^ 

platelet i eduction^* ‘ oi found inconsistent lesults^ ’ ^ 

Aaiiable responses Aveie often coiisideied to be caused by the 
nig the extiacts 3Iost niA'estigatois used acetone, although Hobson 
found a suspension of the tissue pai tides in Rnigei solution 
Intel pi etation ot the lesults Avas also difficult because of the spon 
tuatious of the platelet counts in the test animals 3Iost Ai’oikeis us 
but lats^ and dogs" also aa'cic emplojmd o,jeiatio)i3 

Oui appioach to this pioblem AAas diiected by the folloAUiio co ^l,j.ouiboL' 
Assuming that a thiombocAtopeii is manufactined bA"^ the sp een i^^^^ 
topenic puipuia, it seems A’eiv likely that the liier being tie spills 

leceiAC the blood coming fiom the spleen — might luaetiAmte^t u n that 

assumption becomes eimu moie piobable Avheii ^ of thion'^'^ 

thiombocj topen iiiaA^ be a steioid, is taken into account le Ijut aba 

CA'topen maj^ then depend not oiilj’^ on its concentration m tie e w,(,b 3 £i 

From the Department of Hematologic Research Sleclical Res _ 

Reese Hospital of Hein-ileBf.Yel 
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IS also supported lu part bj the Hematologj Research Fouiiua 
Research Foundation 
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on the inodifjmg aetiMt’v of the li\ei of the test animal Consequenth a moie 
lehable test for th^ombo(.^topen nnj become a\ailable b^ injection of oigau 
extiacts into annuals ^\lth li\ei cell damage 

These considcntions seem to be borne out b> oiu expeiimental studies 
When 01 gall homogenates A\eie injected intiupeiitoneallj into lats in 'which a 
lugli dcgiee of li\ci cell dmnip^e \\ is produced b\ eaibon tetiachloiide, a 
niaiked leductioii of the platelet counts ^\as consistently demonstrable These 
results weio not onh obtained with piepaiations fiom noiinal and pathologic 
human spleens but also with inateiial fioin othei noun'll animal organs A 
thromboejtopeii* "ivas foniid also in uuiie from which it could be extracted 
with ethei 

XIATtRIVL \ND METHODS 

All studies were performed ou 'ilbino rats weiglung between IjO nnd 300 grams JIale 
rata were used since males are more ‘susceptible to intoMcation with carbon tetrachloride 
than are females ® The nuinmls were kept m separate metal cages and maintained on 
Turina dog chow and water Each rat was used for one expenment onl> 

Blood was obtained bj heart puncture under ether anesthesia, with tuberculin •«\ringes 
and, gauge 23 needles, which had previously been rinsed wnth a 3 8 per cent sodium citrate 
solution About 0 2 c c of blood was transferred mlo a small parafBn dish containing a few 
crystals of an ammonium and potassium oxalate mixture® The blood was stirred gcntlj 
with a paraffin stick to ailueie o<iual distribution of the formed elements iilnis were pre 
pared from tho last remaining drop of blood in the ayringc 

In each instanco tho red and wluto cell counts were determined besides tho cnumcra 
tion of tho plitelets For tho latter the method of Rees and Eckor^i was u ed Tho henio 
cytometers wero kept for a period of twenty minutes m a wet chamber to assure proper 
settling of the thrombocjtes without lo‘«3 of fluid Vll jilatelet counts were performed simul 
taaeously by two workers and the resuUe avera^d 

Normal ^alucs established with these proLOdurc** are RBC 7 30 million ±13 WBC 
10 300 ± 0 000 plattlet«< 500 000 to 900 000 per cubic millimeter Rarclj an ammnl was 
encountered showing a platelet count below 500,000 Such rats wero considered unsuitable 
for the experiments Ethpr anesthesia did not influence tho rcaults 5 

Eialuation of tlie plutilet count n u<it take into iccount tint tho number of throrubo 
c^tes in the same animal maj \ar) greath the range Ijmg between 500 000 and 000 000 
Tiio same figures represent the normal >31003 found m the rat population ns a whole Nor 
nidi imimihj used m tins Btud> never had n platelet loci below half a million Consequenth 
a dccrenso was considered significant only when the thrombocjtcs were reduced below this 
'alue 

ProducUon of Liier Cell Damage — Cirbon tetracUlondo (0 5 c c per kilogram) was 
mjected intraporitoneall) on alternate dnjs according to the method of Brauer and Roots 
This procedure assures soiere liver cell damage with onlj minor injurj to the kidnejs 
Two injections were found to be sufficient to secure adequate responses to thrombocj topen 
If desired tho liver ccU daiuago nuiv bo muintaiiicd bj repeated admiiiistiations of carbon 
tetrachloride Blood films from such niiimals vtrv ficqvcntlv shoved manv tarf,ot cells 
Tarj^ot clUs are known to occur also in human pareiichjniatous liver di 1 1 e ‘ 

1 nvaratwix, of Organ Suspensions — Xftcr removal from the organism the organs were 
immediately wrapped in a clean cloth and placed on dxj ico in a deep freezo unit For 
preparation of the ibno suspension the organs were defrosted weiglad and cut into small 
pieces These were im\j.d with double the volume of phjsiologic ealiiic solution m a Maring 
Bicndor gradualh to maximal peed for a period of ten minutes The saline su pension 

. For the 8 ikc of convciileiic and bccou c of u mo in the literature the tonn throin 
»>cjtopcn win be u ed throughout to denote a chcmlcallj unknown factor or factors which 
ULpicss tho plitclet count In tho test animal 
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T\a9 then filtered first Uirough tno lasers and tUea through four folds of gauze After 
thi 9 the suspension \>a3 put back into the freezing unit and defrosted complotelj for each 
particular use 

FToeedure for the Determviaiion of the Effect of Organ Suspen5i07is m the Eats 

iiier Cell Damage — Liver cell damage was first produced by two applications of carbon 
tetrachloride Tuo dajs following the last injection the red cell, white cell and platelet 
counts were determined Then eaih animal was injected intraperitoneallj inth 10 c c of the 
organ suspension Furthermore c »rbon tetrachloride was given to niamtaia the liver injury 
lo prevent tho development of anj infection, 01 c.c of procaine penicillin (DuraciUm 
bill)) was also injected subcutaneouslj The next daj the counts were repeated If the 
effect was minimal the animals were reinjected with tho homogenate and ilso with Dura 
cdlitu Counts were determiued again the following day 

For the evaluation of each suspension a group of at least four rats was used Signifi 
cant changes of tlie red and white cell counts were hard!} ever noted These findings pro 
elude the interpretation that the observed reduction m the number of platelets was caused by 
hemodilution Occasionally the organ suspension was quite tovic and the animals died withm 
a few hours after the injectione 

The platelet counts ot each group of rats before and after the injections were aver 
aged and the decrease was expressed m per cent of the average platelet count By this 
procedure the individual variation in the reiction of the amraals toward the active principle 
eontamed in the material were taken into a'^eount, 

IIEJ^LLTS 

1 Effect of Pemcilhji and of Cut bon Tetrachlo>uh on the PlaieUt Count 
— Pioeiiiie pemcilliii (Duiieilhn 01 cc) which was used piophjJatticallj 
thioughout the ei^pcriments does not produce thrombocytopenia (Table I ) 
The appaieut mciease of the platelet le\el he^ 'within the lange of daily 
Huctuatious 

Carbon tetiachloude was tested ui tliutj si\ animals Tho slight decline 
in the a\enge platelet count (Table I) is insignificant since no animal showed 
a deciease below the range ot noimal even if foui injections of the livei poison 
Were given Both dings did not influence the led and white cell counts 
sigmficautly 

2 Companion of the Effect of Injected Oigan Snspension^i on the Platelet 
Counts of Nonml Eats and Rats W'lth Liver Cell Damage — Seven oigan sus 
pensions vveie studied Ten cubic centimeters of tlie homogenized oigans wore 
injected in each instance Table II summarizes the values obtained Each 
value lepresents the average platelet count of at least foui animals 

The organ suspensions when lu jetted into normal rats left the platelet 
level pnctieallj uncliaiigcd with the exception of the material prepared fiom 
noiiml dog hulnejs In this experiment (Expeiimeut 7) the fiist injection 
broUj,ht the thiombocjte count defluitely out of the normal range and a second 
nijection produced a furtliei considerable decrease 

In tlie nts with livei cell damage the first injection consistently loweied 
the platelet counts siguifitanth Following a second injection the decrease was 
‘'till inoie pronounced with the exception of Experiment -i in which the plate 
let level retmned to noimal This was the onh observation of this kind en 
<ountcitd m this study Oidiuaiilv a second mjection of potent maternl when 
oiven to lats with Iivei cell damage, cithei maintains oi even furthei de 
cienses the thiombocy tes in the circulation 
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Table II Cosip^vrison of the Effect or* nRf'\w 

Evts i^D OF Evts AVith LiVErCEtt Da 



E\ 

PERI 

IIENT 


6 

7 


AyERAGE PIA.TELET 
COUNT (THOUSVND&) 


ORGAN 


BE 

FORE 

IN 

JECT 


Human spleen ( ogO 
(Idiopathic 
thrombocytopenic 
purpura) 

Human spleen | G70 
(Hodgkin’s dis 
ease uitli symp 
tomatic thrombo 
cytopenic pur 
pura) 

Human spleen | 630 
(Lymphosarcoma 
I Mith symptoms 
tic thrombo 
cytopenic pur 
pura) 

Human spleen | gi 2 
(Splenic vein 
thrombosis) 

Human spleen | ooo 
(Paroxysmal 
noctuinal hemo 
globmuna) 

Dog spleen 015 

(Normal) 

Dog kidney 599 

(Normal) 


after 

FIRST 

INJECT 


37b 

247 

370 

341 

230 

354 

212 


after 

SECOND 

INJECT 


295 


527 


average % 
decrease OF 

PLATEI ETS 


after 

FIRST 

INJECT 


247 


43 

63 

41 

44 

61 

42 

65 


\PTER 

SECOND 

INJECT 


average PL.1TELET 
COUNT (THOUS VXDS) 


BE 

FORE 

IN 

JECT 


53 


14 


00 


749 

590 

759 

714 

718 

614 

704 


AFTER IITER 
FIRST SECOND 
INJECT INJECT 


689 


622 


674 


IIEUCE <1 
BECrE.U,E W 
PUTELETb 


IFTZR 

UPST 

LNJEtT 


050 


’Each Nalue represents the aNeiaue of at least fom animals 


076 

476 


666 


790 


610 

728 

620 

ISO 


None 


11 


UTa 

SECOSj 

INJECT 


honi’ 


None 

32 


\one 

lo 

how 

Note 

U 


The fiudings seem to indicate that hvei cell damage peiimts a piiuciple m 
the oigan suspensions to e\eit its effect 011 the platelet level Appaieiith the 
1101 mal livei lenders this tin ombocj'topeuic agent nieftectue Contrail to oui 
expectations, honeiei, the suspensions piepaied fiom the spleens oi patieiih 
Mith noimal platelet counts (Experiments 4 and 5) seemed to be as potent as 
lose obtained fioni the spleens ot patients with seveie thioinboei topeuic pm 
pina (Expeiiments 1, 2, and 3) Pui thei moi e. thiombocvtopen nas eqnall' 
cemoustiable in the noimal dog spleen and iias appaientlv piesent m the 
liighest concent! ation in noimal dog kidnevs, since the lattei inateiial prodiaed 
thiombocNtopenia even in noimal lats 

At this point ni oin investigation it was decided to use only lats with hm 
cell damage as test animals in fuithei expeiiments It also was felt that to 
seciue the eiidence so fai obtained, moie oigan suspensions of larioiis tipo' 
should be tested for the piesence of the thiombocy topenic piniLiple 

3 Effect of Injected Homogenized Noimal and Pathologic Spleen^ 
the Platelet Count of Eats With Livei Celt Damage — Table TH sininuarizo 
the lesults 
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All spleens iveie obtained duiiug life with the exception of the case ot 
thiombotic thiombocytopeme pmpuia -® In tins instance the oigaii re 
ceived one honi after the death of the patient The feiv values pievioush men 
tioned in Table II are included in this sniiimaiy ioi a luoie eouieuieiit siinej 
of the whole niateiial studied Regaidless ot the weight of the spleen and 
the piesence of pathologic tissues (Hodgkin’s giaimlomai lympliosaicoma, 
Gaucher’s disease, etc ), 10 ee ot the homogenized suspension ueie ahuus m 
jected As can be seen fiom Table III, all suspensions loweied the platelet leiel 
eousideiably Usually a single moection piodiiced a i eduction ot aioie thin 
40 pel cent If the deciease was less than 40 pei cent ot the pieiujectiou le\el, 
a second injection was given, ivliieli in most instances caused a tuilhei decline 
of the thiomboeyte count The spleens ot the patients with splioiocjtic hemo 
lytic anemias seemed to contain compaiatively less ot the thioiuboevtopeuic 
agent, although it still was leadil}'- demoiisti able Suspensions iiom the uornial 
spleens caused appioximately the same leduction of the level ot tliiomboeitts 
as could be achieved ivith some suspensions piepaied fiom pathologic splecim 
No coi relations weie demonsti able between platelet i eduction m the patient 
whose spleen was used foi the injection and the degiee of platelet decline in 
the injected animals Although vaiioiis pathologic spleens ueie used in thh 
series of expeiimeiits, none of the homogenates pioduecd any significant 
changes in the led oi white cell eoimts 

1 Effect of Normal Otgan Homogenates on the Platelet Count of Rots 
With Livei Cell Damage — The lesults aie compiled in Table IV The values 
show convincingly that the thiombocytopeme agent is not oiilv piescnt ni dog 
and beef spleen, but may also be found in homogenates piepaied tiora hings, 
heart, and kidneys of a healthy dog The suspension ot lung tissue caused t le 
seveiest depiessioii of the platelet level, namely a i eduction of 75 pei cento 
the oiiginal count 


Tablc rv Effect of Suspensions of Normac Animal Organs on the PmTtrET t 

01 Bats With Liver Cell 


ORGVN SUSPE^SIO^ 
PREPARED FFOM 

AVERAGE PLATELET COUNT 
(THOUSANPS) 

aveiwIGE 7 
OP PL-I 

PECKEASL 

telets 

VFTU 

SFrONB 

inject 

BEFORE 

INJECT 

AFTER 

first 

INJECT 

APTEP 

SECONU 

INJECT 

AFTEK 

FntST 

INJECT 

Dog spleea 1 

2 

3 

Dog kiJnej 1 

2 

Dog lieait 

Dog lung 

Beef spleen 

615 

016 

593 

599 

595 

060 

613 

623 

354 

247 

377 

212 

231 

286 

156 

411 

247 

198 

286 

210 

338 

42 

60 

36 

65 

61 

57 

75 

34 

CS 

52 


•Each value represents the average of at least four animals 


5 The Dose-Response Relationship Between Injected Otgnn 
and Reduction of the Platelet Count — Foi the evaluation of oin 

pioblem IS of obiuous impoitance uhethei some ^ditelel lend 

amount of homogenate injected and the demonsti able fall o t ic l 
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Doses of 10, 8, 6, 4, 2, and 1 e c of tlie same saline suspension prepaied fiom a 
normal liuman spleen were injected into groups of at least four rats with livei 
cell damage The lesults are compiled m Table V 


Tabll V DoseResionse Relationship Between Amount op Homogenate Injected 
AND Decli e op Platelet Count 


AMOUNT OF SUSPENSION 
(NORMAL HUMAN SPLEEN) 
INJECTED (cc) 

RATS USED 

AVEEAGE % DECTEASE 

OF PLATELETS 

10 

4 

64 ± lu 

8 

4 

01 ± 22 

G 

5 

41 ± 13 

4 

4 

35 ± 4 

o 

4 

43 ± 11 

1 

4 

1 24 ± 24 


As can be seen from the table the two largest doses (10 and 8 cc ) pio 
(luced the greatest decline of tlie platelet count 64 and 61 pei cent respectivelj 
Howevei, the response to 2 4 and 6 cc of the suspension was approximately 
the same (35 to 43 pei cent) The smallest dose of 1 c c elicited also the 
slightest effect, i e 24 per cent 

These lesults show that the doseiespouse relationship is not a linear one 
but that witliin ceitain langes largei amounts of the suspension produce 
greater responses Since these studies weie pcrfoimed with crude homogenates, 
It ^\as not eonsideicd adMsable to pursue the problem further With the iso 
lation and purification of tbrombocytopen, the rat with liver cell damage 
promises to become a leliable test animal for the quantitatne bio assay of 
the platelet reducing agent 

6 Effect of Scmoglohin Solutions and of Thi onihoplashn on the Platelet 
CoiMit of Rats With Livei Cell Damage — It was noticed that many animals 
fie\ eloped beraoglobiiiuna following the injection of the organ homogenates In 
the course of the freezing and defrosting processes eniployed in the prepara 
tion of the suspeusions the blood contained in the organs becomes heraolyzed 
Thus a relatiaelj large quantity of fiee hemoglobin and erj.throcyte stroma was 
injected into the rats with liver cell damage together with the homogenized 
tissues The question aiose whether the thrombocytopenia in the animals might 
not he caused by this hemoglobiiiemia In cases of se\ere hemoglobineinia in 
human beings regardless of tlie etiology thrombocytopenia is frequentlj 
observed 

Therefore 10 c c of a 3 per cent suspension of washed dog erythrocjtes 
hemolyzed ha addition of distilled wntci were injected into the animals As 
can he seen fiom Table VI (Expennicnts 1 and 2) this procedure was fol 
lowed bj an insignificant diop of the thrombocyte leAcl 

The \ery conspicuous i eduction of the platelet level with tlie lung suspen 
Sion (Table IV) led us to consider the possibility that tluomboplastm may be 
ulentical with the thromboev topenic agent Thromboplastin is anotlier uhiqui 
lous tissue factoi known to be present m particularly high concentration in 
the lungs Consequcntlv Thromboplastin ilaltme a rabbit lung pieparatioii 
^ ^^ell as rabbit biain tluomboplastm made according to Quick’s method ® 
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I'ABLE VI EiFECr OF HEMOGLOBIN .SOLUIIONS AND Oi TUUOMBOPLVSllN 0\ THE PUTEirr 
Count op Eats AVith Liver Celt Damage* 





1 



AIERAGE';!; 




AVEKVGE PLATELET LOUNT 

UFlUEVbE 




(THOUSANDS) 

01 PL.1TE1XTS 

EXPERI 




AFTER 

AFTER 

UTEP 

vnLp 



BEFORE 

SIRST 

&ECO^D 

FH SI 

SECOND 

MENT 


PUEPARVTION INJECTED 

INJECT 

INJECT 

INJECT 

INJECT 

INJECT 

1 


Laked dog blood 

fadO 

550 


i-i 


2 


Laked dog blood 

GdO 


545 


lo 


(a) 

Suspension of dried 

583 

178 


09 



(b) 

rabbit lung 





3 -j 

Milky supernatant fluid 
(rich in tlirombo 
plastin) 

Granular residue (poor 

C04 

408 

- 

22 

- 


1 

(c) 

517 

101 

_ 

69 

_ 

1 


in thromboplastin) 

1 






f (a) 

Suspension ot diicd 

545 

123 

- 

40 

- 



rabbit brain 







(b) 

Milkj Eupei natant fluid 

57(1 

409 

_ 

29 

- 

4 J 

(c) 

(rich in tlirombo 
plastin) 

Granular residue (poor 

539 

256 


53 




in thromboplastin) 







*Each value lepiesente the aveiate of at least toui animals 


Mds investigated Poi each single lat expeiimeut, 200 mg of the lung oi bum 
powdei weie fiist suspended in saline and then injected as a whole lu aiiotliti 
expeiimeut the same type of oigan emulsion was incubated at 56° C foi Ih 
teen minute^ and then centiituged at low speed ioi five minutes The super 
natant milkv fluid was injected sepaiately os was a suspension of the gumilar 
mateiial found at the bottom of the centiituge tube Deteiiiiiiiation ot the pm 
thiombiii times leiealed that the foiinei contained much iiioie tluomboplastin 
than the lattei (IS and 30 seconds lespectively) 

The lesults of these expeiiments maj be seen in Tab’e VI (Expeuinciits ! 
and 4) Since the supernatant fluid, iichei in tluomboplastin, is eMclentli 
pooiei in thiombocvtopen, the conclusion seems lustified that these ti\o tactora 
aie not identical 

These expeiiinents fuitheimoie show that tin ombocy topeii cainiot hi 
tiacted satisfactoiih fiom oigans by means of acetone since the tliionihop as 
piepaiatious weie made by maceiating the oigans iiiidei acetone and (lis<ai^ 
ing the acetone extiact Howevei, the lemaining diy powdei still contanie 
a leii potent thiombocvtopenic agent 

7 Effect of Noimal Unne and the Unne of Patients With 
pen c Purpuia an the Platelet Count of Rats With Livei Cell Peinu[ic 
expel iments liaie denionstiated that tin ombocytopeii is inactnate 
liiei Inactuatioii of metabolites often occius In conjugation jO 

the livei and subsequent excietion of the substances in the lume 
ec of the concentiated moining unne of ti\o healtln male 
jected into lats iiith livei cell damage, definite i eductions of the plaP ^ 
weie noticeable The same lesults weie obtained with mine spctim*^ 
two female patients Avith seveie tin ombocy topenic puipura 
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The thioiubocj topeiiic n^ent could be evtiacted fiom the urine specimenb 
^\lth ethei Extraction ■\\as peifoimed bj adding 3 paits of ethei to 1 part oi 
uiine 111 a separatoij funnel and shaking toi ten minutes This proceduie 
then i\a& lejieated ti\ice Fioin the combined extiaets the sohent was e\apo 
lated at loom tempeiatuie ind the daik and sticl j lesidue iias dissohed in the 
appropiiate amounts of carbon tetiachloiide needed £oi maintaining the li\er 
cell damage in the lats B^ addition of saline a emulsion could be ob 
tamed -with shal mg, -11111011 peimitted the application of the correct doses ot the 
lanous substances It should be emphasized that no change of the platelet 
count ivas seen ivhen caiboii tetiathloiide and the tluombocjtopen fiee urine 
residue iveie injected (Table VII) 

The demoiistiatioii tliat the platelet leducmg agent can be completch 
recoiered fioiu the uiine with ethci will probabli peimit quautitati\e estiina 
tious of the uimii} output of this tactoi in normal and aaiious pathologic 
conditions Such studies will he leported latei So fai the expeiiments sum 
maiized m Table VII mcich show that thiomboci topen is excreted in the 
urine 

^hen the ethei extinct of laigci amounts of unne was injected into noi 
maZ rats (e:^tract lesidue of 175 c c of pooled unne suspended lu saline m 
jected per lat) no s^mficant nduction of the platelet level was observed 
These lesults aie m agieeiuent with the findings of Tocantms,^* who could not 
decrease the thiombocvtes of noimal labbits with uiinarv extiacts The de 
toxifyiug action of the nonnal hvei appaiently is veiv efficient The amount 
of thiombocjtopen able to leduce the platelet count in normal animals remains 
to be determined Sucli studies may bettei be performed when sufficient 
quantities of the puiihcd mateiial are available 

S Mode of -iction of Th) omhocytopen — Although the leduction of tluom 
hocjtes following the iiijecticii of oigan homogenates is sometimes a considerable 
one wQ have never noticed the development of tiue purpuric lesions in oui 
expeiimental animals This finding is not an nnespected one Roskam^"’ as 
well as Bedsou showed that b^ intiavenous injection of gelatin or agar extreme 
thiomhocjtopema nnv be pioducecl without inj incieased bleeding tendenev 
Ilowevei if the capillaiies were damaged simultaneouslv (eg bv anti led cell 
seiuin) purpuia resulted 

Prom the expeiimental obsenations of Toirioli and Puddu it is hi elj 
that tluombocvtopcn acts directlv on the megakarv ocj tes bv inhibiting plite 
let production This view is also emphasized bv Dameshek and Estien We 
ha\c postponed a svstematic studv of the uiariow until a purified thromboev 
topen is at baud In tlu tiw 111st niees 111 which the mairow was examined 
'iftei injection of oigan homOf.eii ites a slight inciease of the moie immatiuo 
basophilic Illegal an oc\ tes was noted ocoasionalh 

In a few anmnls tlie lecoveiv pliise following a single injection of an 
organ homogenate v\as studied If after the production of tlirombocv topenia 
all applications weie stopped the platelet count returned to normal within 
twent} four to sevent} two hours 
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DISCUSSION 

The results of oui expeimieuts seem to mdicate that a thrombocytopenic 
agent can be obtained fiom many diffezent nozmal oigans (spleen, lungs heart, 
kidneys, and brain) Since consistent loweiiug of the platelet count is demou 
sUdble only iii animals with livei cell datuage and since it also can be produced 
by the injection of mine, one ma> speculate that physiologically thrombocytopen 
is rendeied innocuous m the livez and then is e\cieted in the uiine Since it 
can be recovered fiom tlie ethci e\tiact of the uiinc, this factor is probably 
lipid in uatuie Tlius the metabolic bchavioi of thrombocytopen lesembles 
closely the well 1 now n pattern found with many steioid compounds 

The lole which the Iivei plays lu the mactnatiou of thiomboey topen may 
also partly e\plain the mcousistent oi negative results ot many investigators 
(ten out of nineteen) who worked with organ or mine extnets and injected them 
mto normal inimals Oui lesults pcimit the statement that the lat with liver 
cell damage is well suited £oi the demoiistiation of the thrombocytopemc agent 
Thiomboey topcii has been of mtciest to most imestigatois on account of 
Its hypothetical lole in the pathogenesis of thrombocytopenic purpura Tor 
noli and Puddu ® have emphasized that the principle which injured the mega 
karyocytes lu bone inanow cultuies is also present in many normal oigans 
If thrombocytopen is identical with this factor of the Italian authois, who used 
a ‘ piotein free aqueous estiact ’ oui findings confiim then obseivations ^Ve 
have, however, uot been able to demonstiate any sioiuficaut differences in the 
degree of thiomboey topeuia pioduced m the animals by the homogenates pre 
paled from the various types of pathologic spleens The lesults obtained with 
the sixteen Immau spleens used in this study (Table 111) may be giouped rn 
relation to the hematologic status of the spleuectomized patients ^Ylth nor 
mal spleens the average plitelet reduction in the animals following a single 
uijection was 57 5 per cent with spleens fiom patients with severe idiopathic 
Or symptomatic thromhocy topcuic puipuia (Tabic III Espeiiments 3 to 9) 
the decrease was 45 per cent and with spleens of patients without thiombo 
cytopema but with othei hematologic disoidcis (Table HI, Experiments 10 
to 16) the loweimg of the xilatclets amounted to 41 7 pei cent 

Since the suspensions alwais weie piepaied m the same manner and the 
Injected dose was 1 ept constant these lesuUs indicate that the concentration 
of the platelet reducing pimciple per gram of tissue apparently was not in 
Creased lu the spleens from patients with tluombocytopenic purpura Fiatliei 
more tiieie was uo spicnomegah in the patients witli Werlliof s disease which 
fact rules out the possibihtv tint the absolute amount of tin omboev topen with 
•a these extirpated oigans mav have I pen abiioimalh laige 

On the other hand it must be lealized that ciude lioinogcuates are not too 
well suited for exact quintitatuc evaluation as may be seen from our study of 
the dose response iclationslup (Table V) m which a saline suspension piepared 
fioiu a normal spleen wis used Piirtlienuoic the quantity of a biologic 
^oCiit jirescnt m an organ at anv given moment does not directly reflect on its 
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r„:r..:rre“Ser;r " 

bltZleTm The tall a^ 

aie not vet able to thioniboeytopeuic piupiua Ho^^e^er, m 

mals for testmo- e TtT^ investigatois, although usiug normal am 

spleens than mTormal 

authoT^fnTTTTV*'' Moolten-.- rs of particular ruterest Tirn 

kin’<? fb«T° uoiuial and also certain pathologic spleens (eg ni IMg 

wbieh 1 not only thiomboeytopen but also another lipoid factor 

tin on ^ opposite eftect on the platelet level He called this antagonist of 

” iiici easing the thrombocyte count, “thiombocito- 

nnnfl 1 ^ u ocjdopen and tluombocytosiu could be obtained as lelativeh 

sfpi 1 foiined ether -insoluble digitonides in the maimer ol 

^ ® oeytosin also was found in high conceiitiations m fatty tissues 

111 egg yo k and uas effective when given oially Normal mine and par 

aiT I ^ splenectoimzed patient sometimes contained laige 

un s 0 t le platelet-inei easing agent Moolteu speculates that thiomboci 
open niaj be concerned in balaueing the thiombocvtosis pioduced b> the die 
ai3 aetoi tluombocylosin Under the conditions of oui espeimieiits vith rats 
iver cell damage we have not j'et encounteied auj’' results suggestne of 
an etiect of thiomboeytosin 

Uugai has isolated two substances fiom the spleen capable ot indueiie 
mg the bleeding time of guinea pigs ‘ ‘ Splenin A " dew eases, whei eas ‘ ‘ Spleum 
e mtely inci eases, the bleeding time Splenm B is coiisideicd to he pos 
sibly identical vith the tin orabocytopen of Tiolaud and Lee=' Hossever, uoe\ 
peiimental evidence is yet acailable demoustiatiug the ability of Splenm B to 
lecuce the platelet leiel It should be of inteiest to test these suhstaiicea 
m lats vuth hvei cell damage 

So fai we have assumed that the tin orabocjdopeiiic agents found m tiit 
■sarious oigan homogenates as well as in the mine aie one and tlic same prm 
cip e Theie is actually no pi oof toi such an assumption, and this 
should be eonsideied pinnaiilj a voiking hypothesis We aie, howeiei, coii 
\ineed that the thiombocytopenia m the lats ivith liver cell damage is a sped e 
lesponse to a single factor or to seveial factors Such an inteipietatiou 


supported by the finding that the i eduction of the platelets was not actoni 
panied bj" any change in red and white cell counts 

The phjsiologic significance of thiomboc3’'topen is at piesent iinhao' ^ 
It should be kept in nund that the demonstration ot a powerful biologic a^ 
obtained from animal tissues does not necessaiily iiidicate anj ph'i’"’ 
activity” Hepaiin, foi instance, is ceitainlj a lerj potent anticoaoH 
but its lole in the noinial coagulation piotess is still debatable 
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The use of the lat Asitli Iner cell damage should pioMde a reliable tool 
for the stud} of mau} problems lelated to ‘ thiomboc\topeu ’ 'Whatevei the 
outcome may be, the doubts conceimng the lealitj of such a factoi oi factors 
ina} uo^\ be abandoned Then existence at least seems to be assuied 

SUilMlRV 

1 Thiombocytopeii is the name ^\lucll has been gi\en to a piiiiciple, piesent 
in the spleen ^^hlch when injected into laboiatoi} animals, is said to decrease 
then platelet count This principle is belie\ed to pla} an important lole in 
the pathogenesis of thiomboc} topenic purpiiia So far nine out of nineteen 
im estigators ha\e confirmed the existence of this thiomboe}^open]C agent 
whereas the others obtained eithei inconsistent or negative results 

2 Oui approach to this problem was directed b} the following considera 
tioiis Assuming that thromboev topcii is inanufactuied piedomiiiaiitl} by the 
spleen it seems \ei} likel} that the livei — being the fiist organ to receive blood 
coming from tlie siileeu — inav be involved in the inactivation of this principle 
The effect of thiombocv topen mav then depend not onl} on. its coiicentiation 
m the oigan extracts but also on the modihing activit} of the hvei in the test 
animals Consequent!} a more leliable test ±oi thromboc} topen iiiaj become 
available b} injection of ore,aii suspensions into animals v\ith liver cell damage 

3 When organ homogeuates vveie injected into rats with a liigh degree of 
liver cell damage produced bv eaibon tetiachloude, a considerable diop of 
the platelet count was consistcnth pioduccd The same oigan suspensions did 
not reduce the platelet count of normal animals Neithei penicillin (used foi 
prevention of infection) nor carbon tetrachloride bv tliemsehes influenced the 
platelet levels No changes in the red oi the white cell counts were observed 

4 Two noiiiial human spleens seven spleens from patients with thrombo 
cjtopenie purpiua (idiopathic and sv iiiptoiiiatic) and seven spleens from 
patients without anv thiombocv topenia but with olhei hematologic disordeis 
^'cre tested All these organs contained thiombocv topen in appioximatel} 
siniilai conceiitiatioiis The platelet leduenig agent also was found in at least 
Ibe same amount in iioimal oigaiis (luiie. heart kidne} biaiii) obtained fiom 
ilogs cattle 01 labbits 

5 When luiiie specimens of normal individuals oi fiom patients with 
till omboc} topenic piupui i were injected into rats with hvei cell dainige a 
^•gmficant lediiction of the platelet level also occuiied The platelet reducing 
ogent could be extneted with ether 

6 These lesults luav indicate tliat i)h}siologic'illv thiombocytopeii is leu 
dered innocuous in the liver and then evcietcd in the uiine Since it can be 
recovered fiom the ether extiact this faetoi is probabl} lipid in nature Thus 
tl)e metabolic behavioi of the thiombocv topenic ae,ent lesenibles tlic well known 
pattern of steioid compounds 

*7 There is at present no evidence available from oui data which would 
‘'Upport the hvpothesis that thiombocv topen is definitely involved in the patho 
genesis of thiomboc} topenic purpuia However, further studies aie neeessarv 
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8 The thiomboeytopeuic agents found in the vauous oigan liomogenate^ 
as well as m the mine have been assumed to be one and the same puneiplc 
This appioaeh should be eonsideied piiinaiily a woikmg hypothesis 

9 The use of lats with livei cell damage should piovide a leiiable tool for 
the stud-y of many pioblems i elated to tin ombocy topen Wliateiei the out 
come maj be, the doubts eoneeimng the leality of such a faetoi oi t.ietois iii.u 
now be abandoned Then eMstenee at least seems to be assiued 
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I N EECENT yeais mtiavasculai thiombosis has assumed a piommeiit position 
on the list of postopeiative complications as othei moie common complications 
have been biought iindei contiol A laboiatory method foi detei milling the 
piesyniptoinatic thiombosis would be of gieat value in leducing the iiioitaliti 
late and seiious sequelae of intravascidai thiombosis Oiii iiiteiest m the 
tibiiiiogen B leaction was stimulated by the possible lelationship it might hold 
to the diagnosis of mtiavasculai thiombosis The fibimogen B leaction de 
sciibed by Cumiiiine and Lyons^ was studied foi a six-month peiiod on the 
Siiigieal Seivice of Biooke General Hospital The data set down m the lepoit 
weie deiived fiom patients who had been hospitalized duiing this peiiocl ol 
study 

Cummine and Lyons accepted the eailiei hypothesis of Beiqquist,' \iho 
stated that just piior to the foimation of an mtiavasculai thiorabiis a “prc 
thiombotic state” exists duimg which theie is a significant leduetion ni venous 
clotting time Although these mvmstigatois employed slightly difteient metliodv 
of clotting time deteimination, the eiitical zone was consideied to be 3 to 4 
minutes, oi less 

Cummine and Lyons mtioduce the concept of an mteiniedian piocluctm 
the fibimogen-to-fibim leaetion, to which they give the name fibimogen B The 
piesenee of fibimogen B m the ciieulatmg plasma is consideied abnoimal Tin' 
eon elate its piesenee in the plasma with the piodiietioii of mtiavasculai thioni 
bosis They note that fibimogen B appeals m the plasma vvhene/ei tissue neciosis 
IS piesent, espeeiaUv^ m the ease of pyogenic infection Lyons has denioiistiat 
in vitio that platelet fi agility increases m the piesenee of fibimogen B am iM 
postulated the following possible mechanism^ 

Pjogenjc Infection and/or Tissue Necrosi'i 

Fibrinogen B in Circulating Blood 

Increased Platelet Fragility 

Damaged Vein or 
Foreign feurfaco 

Intravenous Thromboidastm 

Prothrombin + ,1- 

Ca ++ 

Thrombin 


VEXOUS 

STASIS 


Fibrinogen A + Thrombin 



Fibinogen B + Thrombin B «■ 


VFNOUS 

STASIS 


FIBRIN 
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Cummine and Ljons studied 580 patients and catalogued the results of 
tbeir imestigation as follows' 

Group t — In these patients free fibrinogen B does not occur in the plasma 
and the coagulation graph 15 of normal tjpe Intra\ascular thrombosis does not 
develop in these casts 

Group 2 — Free fibrinogen B maj be found in the plasma cither persistently 
or intermittently but the coagulation graph is of normal type Providing that no 
previous thrombosis has occurred and 13 reinaming as an intravascular foreign body 
and that venous stasis is prevented thrombosis does not develop in the'^e cases 
Group 3 — Free fibrinogen B occurs in the plasma and the coagulation times 
remain persistently low in the order of 3 to 4 minutes Intravascular thrombosis 
appears to be inevitable m these ca'^e either in the legs or at the lung bases 

Group 4 — No free fibrinogen B is found in the plasma, but the coagulation 
graph 13 consistently low This combination of the two factors has not occurred in 
any of the patients studied as a primary phenomenon but Ins been seen on several 
occasions after an intravascular thrombosis has occurred In each instance it is 
Significant that the thrombosis recurred at tbe initial site and can be interpreted 
as a local eiacerbation due to the presence of an intravascular foreign body in 
association with venous stasis 

We have undertaken a studv for the purpose of estimating the practical 
value of the fibiinogen B test in a iiiilitai'j medical establishment 

SlETtiODS V\D MVTEBIVLS 

ClotUng txme determinations were performed after the method outbned by Cummine and 
Lyons with only slight modification le tho capillary tube filled with fingertip blood was 
broken every thirty seconds rather than every sixty seconds during the first four minutes 
Fibrinogen B determinations were performed ns follows The reagent was prepared by 
dissolving 2 Qm ^ naplithol m 100 ml of 50 per cent alcohol If the solution turned brown, 
It was exposed to oxygen in order to return, it to the colorless state Blood w la withdrawn 
from tlie antecubital vein m a dry sterile syringe and 4 5 ml were mixed immediately with 

0 5 ml of 1 1 per cent solution sodium oxalate The blood sample was taken usually mid 
"ay between breakfast and lunch however we found no evidence to suggest that the results 
were influenced by food intake Tho specimen was centrifuged and 1 ml pla ma was placed id 

13 liy 100 mm tube live <lrops of the reagent were added to the plasma and the mixture 
Was allowed to stand at room tcmiitrature for tin minutes If a gel formed a value of from 

1 to 4+ was assigned depending on the quantity of gel present If no gel formed during 
that period the test was recorded as negative for fibrinogen B 

RESULTS 

A total of 553 fibiinogen B deteiminations and 337 capillary clotting time 
determinations vveie made on foxty eicht liospital patients and fom normal 
subjects The ma\imum length of time an iiidiMdual case Mas followed was 
fifty days and the minimum one day 

The cases chosen vveie selected delibeiately for anticipated demonstration 
of a wide latitude of 1 espouse to the test Table I lists by diagnosis the types 
of eases studied and the icsults of the survey in terms of positne ' doubtful ” 
and negative The eNteiit 01 sexerity of the pathologic changes is not cor 
related, 1101 is am quantitatue estimate of the amount 01 duration of fibiinogen 
present stated In general however the quantity of fibrinogen B present 
nas in duect proportion to the severity of the disease 
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Columns tliiee and foui show the lesults obtained at loom tempeiatuieaiiJ 
at 6° C The deseiiption of the test set down by Lyons states that looin tern 
peiatuie is to be used We noted that ceitani tests negative at loom tempeia 
tuie would become positive if lepeated at 6° C On fiuthei im estigatioii, it 
was deinonsti ated that as the quantity of fibiiiiogeii B lose it could be detected 
eailiest at 6° C and then latei at loom tempeiatuie Couveisely, as the 
plasma content of fibiniogen B fell, the test fiist became negative at loom 
tempeiatuie and latei at 6° C Coiieetly oi not, we assumed that the gel 
formations at room tempeiatuie and at 6° C lepiesented the same substance, 
and we used this finding as a lough quantitative index 


Table I 


DIAGNOSIS 


NUMBER 

OF 

CASES 


RLbUI TS 


ROOM 

TEMPERATUPF 


6° C 


Normal subjects i 0 

TlirombopUebitis, Ueep 12 3 

Thrombophlebitis, superficial 1 0 

Soft tissue trauma 2 1 

Acute mfectious 6 0 

Acute thermal and chemical burns 3 1 

Chronic infection 9 0 

Careiuoma (brain, stomach, cervix) 3 0 

Abdomuial stab wounds, contaminated 2 1 

Uncomplicated postoperatives 5 1 

Cirrhosis, periportal 1 0 

Common duct obstruction 1 1 

Mjocardial infarction 1 0 

Congestive failure 1 0 

Late pregnancy with pyrexia 1 0 

(unhnowTi origin) 

Prolonged bed rest with hip fiacture 1 0 


0 

i 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 


1 
5 
1 
1 
5 

2 
S 

3 
1 

4 
1 
0 
1 
1 
1 


0 

11 

1 

o 


P positne D doubtful N negatne 

Examination of the lesults m Table I indicates that theie is no 
of 1 espouse peculiai to cases of intiavasculai thiombosis buggestne 
aie pooily defined One finding is outstanding, namely, that v leiictei 


neeiosis is piesent, the test is usuallj^ positive 


In the tA\el\e cases of deep thiombophlebitis, only one 
sitive test at loom tempeiatuie foi fibiinogen B on the day o c 


a positivi 


ineoiistaut 


nosis Subsequent positive lesults at loom tempeiatuie ueie 
aftoided little lecoguized cluneal value In this senes thiee of the tue ' 
gav e a elottmg time of 4 minutes or less on the day of clinical diagnosis 


111 the entile senes of fifty-tv\o cases, only two patients fu e 
ciiteiia of Cnmmine and Lyons, i e , loweimg of elottmg time an 
oi fibiinogen B in the plasma as indicative of inevitable thioimo^'^ 
patient developed clinical svTiiptoms of intiavaseulai thiombosis 


tlie 


DISCUSSION VND SUVIJIARX 


OI llc-l' 


Ovei a six-month peiiod at Biooke Geneial Hospital, the iiic| 


thiombophlebitis on the Smgieal Seivice was less than 1 li-vpotiic^'^^^ 

a suivey foi the pni-pose of extensively coiifiiming oi denjiUn 
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Cummiiic and Ljons, it ^vould be necessaiy to folloi\ dnily e\eiy indnidual 
admitted to tlio Surgical SeiMce that is, to make m the iiciohboihood of 20,000 
to 25 000 tests In the e\pericnee repoited Iieiein, 553 tests were made In 
only t3\o instances the criteria of Cuinniuic and Ljons foi inevitable thiombosis 
3\cre fulfilled but neither patient developed clinical evidence foi nitiavasculai 
thrombosis On the basis of expeiienee to date the test would appeal to be of 
no partieulai value in the coiifiimation of a diagnosis of thrombophlebitis sus 
pected cbnicallj While the pieseut small sciies neither confiims nor denies 
tlie concepts expressed bj Cummine and L>ons it places some doubt on the 
precision of interpietation of low clottmg times 

In liglit of the present good results of anticoagulant theiap} in lutiavasculai 
thrombosis imtiated on clinical evidence alone the piacticalitj of this test is 
open to question as a loutine examination on all surgical patients 

The fact that tlie test is moie sensitive at 6^* C is not explained The 
results aie inteiestiug but are difficult to assess 

Wo are in agi cement with Cummine and Lvons in noting an appaient rela 
tion between the pieseuce of tissue neciosis and the appearance of fibimogtn B 
m the cuculating plasma In fact this relationship is the onlj constant finding 
We have noted also, as have Cummine and L>ons that theie is a pei’sistentl} 
negative test for fibnnogon B m thrombophlebitis aftei it is initnllj positive 

U)DENT>UM 

Duan, Jackson and L^ous report a high percentage of positive tibrinogen B testa in 
congestive cardiac failure (97 per cent) recent coronarj occlusion (100 per cent) throm 
botic states (100 per cent) acute sepsis (100 per cent), and chronic sepsis (90 per cent) 

Btl-ERENCCS 

1 Cuinmino H andLjons It N \ Study in Intravascular Thrombosis V\ ith Some New 
Conceptions of the ircchanism of Coagulation Brit J Surg 36 337 »>63, 1948 
Dunn I) B Jackson 51 A and Lyons, B N Fibrinogen B A Preliminary Survey of 
tho Incidence of Fibnnogon B in Normal and Disease States XI J Australia 9 
2GG, 1949 



DETBEMINATION OP PKOTHROMBIN BY THE DILUTION ilBTilOD 
STABILITY AND ACTIVITY OP HUilAN AND BOVINE 
PROTHROMBIN-PREE PLASMA 

ALTER B Prommeyeb, Jb , M D * 

Boston, Mass 

With the Technical Assistance of Helen Corbig in 

T he lepoiting of plasma piothrombin activity ni teims of tlie time m setonils 
icquued foi coagulation lepiesents incomplete data since piotluombm 
activity does not vaiy as a lineai function ot the time of coagulation ilowcici, 
piotluombm activity is lepoited piopeily in teims of conccntiation in pel tent 
of the aveiage concenti ation of pooled noiiiial plasma Plasma piotuomnn 
concenti ation can he detei mined by one of two basic methods The two stage 
method of Wainei, Bunkhous, and Smith/® an e\cellent research met o , 
IS too demanding on the basis ot tune and reagents required to le o lou me 
clinical use The one stage method ot Quick” is geneiallv empmc mcai 
of Its simphciti and lapiditv of peifoimanee The Quick method, ^ 

teimmes only the piotluombm time oi the speed of the reaction compi „ 
coagulation In oidei to convex t the piothrombin time to pio 
cent! ation it is neeessaiy to detei mine the piotluombm time o nowi 
tiations of piotluombm Bv aibitiaiily consideimg that poo ei (iiJiitjou 

has a piotluombm concenti ation of 100 pei cent, then am pai icu j 

of the pooled plasma them eticallv is equivalent to a coiiespon mg 
piotluombm In piactice the piothionibm times of seveia pjQ 

of plasma aie deteimmed and a lefeience cuive is “’f *■ ^ “ fiatjon, 

thiombin time m seconds along the abscissa and the piot lom m 
m teims of pei cent of noimal, along the oiduiatc Such a cvui. 
foi conieision of piothiombin time m seconds to piotluom m ac 
of pci cent concentiation of piotluombm , lefcieiuc 

Because of the significant vaxiations m the shape am ^ /ruft'* 

cuives using canons diluents of pooled noimal plasma, ose pjasnu 

suggested the use of a diluent that is theoietically idea , reiuldiin 

treated with barium sulfate to lemove piotluombm ec «iotlnoMl»nei»' 

lefeieuce cuive, using such a diluent, has a steep slope lom a ^ 
ceiitiation ot 100 to 20 pei cent duel a flat lineai slope loii • ^ pKisiiH 
becomes neeessa^^ to leduce the piothiomhiu couceiitia piothrom'”" 

to appioMniateh 10 pei cent in oidei to deteimine qie ciior 1^“*^ 

concentiation This dilution is icquued to leduce to a, jjjjojuhjn time to 
lesults tiom \aiiations of a few seconds when coniei mo 
piothrombin concentiation ^ s^nicea 
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The dilution method foi piothiombin dcteimiintion is outlined 1)> Rosen 
field lud Tuft” is accuiatc ind lepioducible and is theiefoie desiiablc Ho^^ 
e\ei theie ha^c 1 een tuo tochiiKil hmiHtious ot the method The fiist is the 
rapiditi uith uhieh piothiombin fiee plasnii becomes ulteied on standing and 
the second is the una^oldable leduetion of ceitaiii piothiombin acccleiators’ 
b\ treatment of plasun uith biiiuni sulfate Both of these alteiations of barium 
sulfite treited plisina ma\ lesult in pioloiioation of the protluombm time of 
diluted fresh noimil plismi tint mai be incoiiecth intcipieted as indicating 
a reduction m piotlu-ombin concentiation The puiposes of this paper aie (1) 
to leport a method \\hcieb\ piothiombin ticc plasmi can be maintained in stable 
form for miii\ ^\eel s and (2) to ofter a proccduie tor collection of decieased 
content ot the ‘ piothrombin aceoleiatois 

MVTIRIVUS WD ilFTHODS 

Thromholilasttu — L\ophihzei.l acetone extracted rabbit brain (Difco) ^\a8 u td 
\cti\atiou of the mattnal u outlined b\ Difco Labor itone-* was effected b\ sus 
pundinj, 0 lo Gm of the hophihzod matenal m 4 ml of a solution of sodium chlo 
rule (0 S 5 Cm per 100 ml) and 00> ml of odium oxalate volution (134 Gm per 100 
ml) and incubitiivv, it 4h C for ten minute \Mtli agitation every three minute’^ Vfter 
completion of umubatjon partu.U<» of u^pended tu ue "crt remoied bj crude filtration 
through cotton placed loo«cU over the tip of a 20 ml volumetric pipette ivhich was then 
lowered into tlio suspeu ion and hlletl bv gciitU uction The thromboplastin solution so ob 
tamed nas stored in i deep freeze at — 0 C m 01 ml ibquot In this form it remains 
table for manj montha 

Cfllcjum Chloride — V solution of OO.oM i ilcium chloride nas made bj dissolving 2 77 
Cm of purified anhvdrous CaCl, ui 1 000 ml of sinj^lo distilled water 

InUcoayulant^ — Quo part of cither of the following aolutions was used to render 9 
parts of whole blood incoagulable 

(a) om '.odium citrate was made bv di olviug 20 412 Gru of sodium citrate 
(Na C H 0 -IT 0) m 1 000 ml of ‘single dn-tillcd water 

(b) 0 in ]Kjtrtssiu»i ojralofr waa made b\ di *olviiig 18 432 Gm of crystalline potassium 
Oxalate (K,CjO TI 0) in 1 000 ml of ingle di tilled water 

Cdraffd Pooled '\ormal Plowia — Citrated pla ma w is u cd for prothrombin deternuna 
tions bccau-o of the gre iter 'italnlitv of prolhronibin and prothrombin accelerators ' with 
this anticoagul uit iis compared Mitli oxalite ^ Blood sample^’ were obtained from ten normal 
'^ubjevts each tahcii '«eparateU u mg 1 pirt of 0 IM ‘sodium citrate for 9 parts of venous 
blood Tlie pla&ma obtained bv centrifugation at 2 000 rpm for ten minute nas pooled 
and designated as pooled frevb normal plasma (iitrnte) 

Prothromhin Frtc Plasma — Osalatcd pla ma was med “luoe tlio prothrombin cannot be 
removed satisfnctonh from eitratid pin ma ' Blood •sample were obtamod from ten normal 
Subject each sample taken cpiratelv u iiig 1 part of 0 IM potassium oxalate for 9 parts 
of venous Hood I la^ma was obt lined l)\ centrifugation of the oxalated blood amplcs at 
'000 rpm for ten minute The samples of pln'imn were then pooled and 100 mg of 
powdered binum sulfate 01<-rek> were mbli I for each 1 0 ml of pla ma This mixture was 
meubated at 37 a C for ton minute with igitatiou evtrv three minutes and finally cen 
(nfugod at 3,000 rpm for tliirti minutes ind the upornataut removed Such plasma is 
devignatcHl ‘prothrombin free pla ma thumaii) It was tored it 4 C and u ed inimcdi 
otcle uuli'ss othirwi c tatel 

Oxalated bovine pla ma from bovine blool obt lined bj venipuncture from tlio living 
animal was rendered prothrombin friv bv the anie process and designated prothrombin 
free plasm e (bovine) 
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Stable %\hen fiozen and mamtamed at ~20° C foi lelatneh slioit pcnotlsol 
time, but e\en at tins tempeiatiue of stoiage alteiation in actniti is objeinil 
dftei se\ ei ai daA s The piolongatioii ot piotluombiii time is not due to quaiitilj 
tne changes in fibiinogen ‘When stoied in the fluid state foi hunted peuo(]-,iio 
change oecniied in the fibimogen content of piothionibin-fiee plasma and tlicte 
was no appaicnt deeiease in the fibimogen "leactmty,” as suggested In Loomis 
and Seegeis,® since a “noinial” thiombin time can be obtained by iiicieasmg 
the conceiitiation of thiombin in the icdctioii mixtiiie oi bi leduenig tlie pH' 
In addition, Alexandei' has shown that the plasma of a patient nitli congeiiitd 
afibiinogenemia exhibited piolongatioii of the piothiombni time siiinlai to tlial 
of 1101 mal plasma undei the same conditions of stoiage 


The obseiied alteiation in stoied piothiombin-fiee plasma (human) ap 
peais to be lelated in pait to the dexelopment of antithionibic aetiviti possifab 
lesulting fiom tieatment with bainim sulfate pei se, since untieated o\a!atc4 
and eitiated plasmas containing piothiombm do not develop autitiiromta 
activity at the same late of speed oi to the same extent when stoied at 30® C 
The obseiied piolongatioii of the piothiombm time and appaient antithrombu’ 
actu itv hai e been shoivn to occur concomitantly mth a use in pH bv Tantiiri 
and Wetzel *•’ Thei have lepoited a piompt leduction in antitluombic actmb 
in piothionibm-fiee plasma follomug the loweiing of the pH to 7 6 to IS In 
addition to this obseiiation, the foimation of fibiin bj the action of thrombin w 
fibimogen has been shoivn, bv Moiiison,® to be intimately concerned 
pll of the reaction mixtuie Below a pll of 5 7 no fibiiii mil form,' nine ^ 
tween a pH of 6 and 7 theie is a noticeable inciease m the late of icaetion^ 
the pll uses As the pII is fmthei inci eased above 7, theie is less olniousin 
cease in the late of leaetioii - 

Flora the available data lepoited here, it is nnpossible to conclude that 
changes alone aie lesponsible foi the antitluombic actmt) since piot nom n 
flee plasma (human) stoied at -20° C in the fiozen state foi tnenti 
showed an mciease in pH when thaw^cd without antitluombic actniti 
fuithei home out bi the obseiiations of Tantuii and Wetzel'® who 
that the antitluombic activitc can be abobshed wnthoiit ^ 

leaction nuxtnie by the addition of piotanune sulfate Thej Iw'e ^ 
fiom this that stoied piothiombm-fiee plasma may have an ^,j, 

content Poi claiification of the lelatioiislup between pH clmugcs a 


tluombic acti\iU fuithei w'oik is leqniied 

It has been suggested'® that the olseived antithiombie 
piotliiombiii-fiee plasma is lespoiisible tor piolongatioii ot t ic 
time of flesh plasma diluted with it Tins would seem tiue on i 
otliei factors also aie in\ohed If the pH ot nonh ophihzed stoic 
free plasma (hiiman) is adjusted to 7 4 and the plasma testei (jjjtotd*’ 
activih (Quick),'® there is found a piogiessive leduction m t le a ^ jjiiii!'* 
substance as the duiation of stoiage lengthens even though a p o ^ 

tamed The lower the tempeiatiue of stoiage, the less ,,( 3 r tu 

such a reduction to oceiii, as noted elsew'heie Theie wou i 
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at least t^\o factors lesponsible foi the piolongation of the protluombm time 
of flesh normal plasma (citiate) diluted witli stoied nonlj ophilized pio 
thronibm free plasma Iiutialh an apparent autithiombin develops causing mild 
delay m the speed of coagulation Aftei a lelatnelr shoit peiiod of stoiage 
at 37 5° C and 30° C theie occuis giadual inactivation of the “piothiombm 
accelerators”^ \\hicli results in fuithei sloiving of the speed of coagulation 
Tlie additive effect of tlicse two changes picsumabh results in a significant pio 
longation of the coagulation time to a limit aftei which time the antithrombie 
effect becomes stabilized as does the pH The ‘ piothiombm acceleiators” 
finall) become completely inactu ated 

By Ijoplulizing prothrombin fiee noimal plasma (human) as outlined bv 
Flosdorf and Mudd ® obscmiig tlien piecautions to establish the piopei rela 
tionship betueen total volume of material and available siiiface during the 
process so as to insure pioper Ijophihzation, it is possible to mamtain such 
material m stable foim foi main weeks By leeoiistitutmg it to a pH of T 3 to 
7 4a diluent is obtained that is quite active and which possesses no antithrombie 
activitv 01 additional loss of piothiombm acceleiatois when used promptlv 
Othei obseivei’s'® have icpoited increases in pll and antithrombie activity to 
occur in Ivophilized piotliiombin free plasma SucJi findings have not been 
obsemd heie ovei a period of storage of ten to twenty weeks Win tins dis 
erepancy exists is unknown since we have obsened tlie same lesults of stability 
when using unbuffeied distilled watci foi reconstitution of the lyophihzed 
prothrombin flee plasma It is possible that the cause of such alteied activity 
m the inateiial studied bv othGi*s*^ is incomplete lyoplulization 

Using banum sulfate as an adsorbing agent of piothiombm there also oe 
curs a 1 eduction in ceitain plasma components that aie intimately conceuied 
with the speed of the coagulation reaction To what extent baiiuin sulfate re 
moves the “aeceleratoi substances is imknown but it is lepoited tint approxi 
match 50 pex cent of Owren’s Factor V is lemoved although the amount of 
BaSOi required to effect this removal is not stated'® The difficultv of simul 
taneously depleting plasma of its piothrombin and ceitain of the acccleratoi 
‘substances can be eliminated bv using as a diluent bovnne plasma treated witli 
banum sulfate Ovueii'® and Seegers® both liave shown that bovine plasma 
contains much greater quantities of tlicu factors than does human plasma Be 
cause of this obseivatioii Owren’® advocates the use of prothrombin fiee bovine 
plasma as a diluent of human plasma so as to insure an excess of Factor V 
‘^mce It appears likclv^ that Factoi V of Owien plasma acceleratoi globulin of 
Scegei*s'® and labile factoi of Quick'® aic the same activities it is possible to 
have excesses of tliese activities as well os an excess of plasma tluomboplastin 
and fibrinogen in the dilution method of Rosenfield and Tuft foi the deteimiin 
tion of protluombm concentiation bv using piotluombin fiee bovine phsnn 
Q-s a diluent of fresh citiated iiumau plasma 

In the Ivophilized state piotliromhin fiee bovnne plasma maintains luialteied 
activitv as a reconstituted diluent of fresh human citrated plasma and no anti 
tbrombic activitv oi jiII ehan^os weic observed ovci a storage peiiod of twentv 
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neelcs Because ot the gieatei “piotlnoinJim aceeleiatoi” actniti in ijome 
plasma, it is iiecessaij’’ to establish a piotliiombiii time coneeiitiatioii ciine 
using piotliioiiibiii-fiee bovine plasma as a diluent The shoitei piotluombin 
time obtained at a 50 pei cent concentiation ot piotluombin (see Fig 1) usms; 
piotiuombin-fiee bovine plasma as a diluent is most likeli due to the grcattr 
‘ piotluombin aceeleiatoi " activity of tins diluent 

Be h opluii^ation of piothiombin-tice noimal liuman oi bovine pksmi, 
tbeie is thus placed Mithin easy leaeh ot inan\ laboiatoiies and plnsicians a 
leagent wlieieb'i moie accniate deteiminations ot piothiombin can be atcoiii 
plished 'With piopei leeonstitution ot a stable (hopliilized) thiomboplastni 
and a stable (hopliihzed) piothiombin-fiee diluent of fiesh noimal citiated 
plasma piotluombin deteiminations can be peifoimed lepiodiiciblj 


SUilMVRV AND CONCLUSIONS 

Expeiimeiital data aie piesented showing the gieat instabihti ot iioinwl 
Iniman plasma lendeied piotluombin-tiec bv tieatmeiit uitli baimiu sulfate 
and stoied at vaiioiis tempeiatiues in the liquid state Such nistabilm issbown 
to lesult in piolongation ot the piotluombin time of mistiues of fiesli noiimi 
citiated plasma and stored piotiuombm-fiee plasma Tins mstabihti is tiwuRW 
to be due to the occuiienee at 37 5° C and 30° C of antitliiombic actnih 
^^ell as iiiaetuation of the “piotluombin aceelexatois ” The ineebaiiism oi 
de\elopment of antithioiubic activity is not well undeistood Liopluhzec pm 
tluombm fiee human and bovine plasma stoied at -20° C foi ten and 
weeks lespectivelv aie sliown to possess unalteied activity as diluents m 
constituted uitli buffeied distilled watei and used immediateh Acisciisw 
IS gnen of tlie adcautages of using a dilution method toi the 
ot piotluombin concentiation, employing piotlnombin-tiee boiiue p asaia < 
diluent oi tiesh noima! eitiated plasma Piotluombin time concentiation 
using tliiee clifteient diluents aie included and the need foi selection oi a 1 
diluent IS olnious It is leeommended that Ivoplulued piothionum 
plasma, xeconstituted with bufteied distilled watei, be used as t c ‘ 
tiesh noimal citiated plasma in the deteinunatioii of piotlnonibm ^ 

as a means of supplying an excess of ceitain “piotluombin 
coagulation si stem in iilnch piotluombin thus leinams as tie 

It is concluded that piotluombm-fiec luunaii and psciit' 

tain stabiliti i\hen iiiopeih liophiliaed and stoied at ~20 C oi en 


Meeks lespectueh, and (2) when xeconstituted to pH i3 aie 


ideal diluenf!- d 


flesh plasma foi the deteimination of piotluombin concentiation 
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introduction 


Q INCE botL stable aisemc and iiiadiatiou have been used indepeudenth in 
the tieatment of tiiniois of the hematopoietic oigans it was thought that 
It might be advantageous to utilize ladioaisemc (As'®), a substance whiclni 
metabolized like stable aisenic, exeits a siniilai cheniotheiapeutic effect, and 
IS at the same time a souiee of iiiadiation 

As'“, which has a half-life of 26 8 houis and which emits eneigetic beta 
and gamma lays, was piepaied by pile iiiadiation of aisemc tiioxule, and 
latei in highei specific activity by pile iiiadiation of cacodylie acid It mas 
injected iiiti aveiiously as sodium arsenite The stable aisemc content usiialli 
vaiied fiom 3 to 10 mg of aisemc pei single injection of 1 to 80 me of As 
Cacodylie acid, as obtained aftei pile iiiadiation at the Aigonne National Lah 
oiatoiy, IS piepaied foi injection by i emote contiol fioni behind lead shields 
because of its penetiating gamma ladiations The details of the pieparation 
of As'® and its metabolism have been given in two pieceding lepoits’’* 
Aisemc is distiibuted lapidly to all tissues aftei intiaienous injection 
Highest levels are i cached within twelve to twenty foui horns in the spleen 
livei, and kidney Fifty pei cent is excieted within seienty-two hovns, pn 
manly by the kidney It is estimated that 1 me of As'® will delivei about 
1 of total body Iiiadiation 


AIETHODS 

Twenty four patients with tumors of the hematopoietic tissues, two with , 

rubra vera, and one with a metastatic carcinoma form the basis of this stud} * 
iiosis was substantiated microscopically in every case Many of the patients ^ ^ 

biopsies of bone marrow, luer, lymph node, and spleen, whicli will be made the su j 
future report (Table I ) 

The first few patients in tins study were treated with extremely smiH mioo 


as far as specific radiation effect was concerned, although recemng 


l> J31U t 

at the «amo 

stable arsenic probably to exert a mild chemotlierapeutic effect The first dos 
were about 0 5 to 2 0 me, but wathui a short period of time this was j^jiJibihU’ 

cause of experience with the inadequacy of these doses and partly bcciu=e ^ stabh 

of arsenic with a higher spe< ific radioactivity As much as 90 me "ith ' ajjitiw, 

arsenic were administered in a single inyeetion to the recently treated pa lon^ p,„,iaaiJ and 
each patient received such supplemental treatment as transfusions, m i ■ / 

mercurials, and toluidine blue or protamine sulfate as indicated 

xtcdiclnc a®*' 

Prom the Argonne National Laboratory and the Departments o <- , ,r, ^ 

of the Universltj of Chicago c i t on rcconmaov “ ® 

Supported in part bj a grant from the American Cancer Soc e i 
th<' Committee on Growth of tlie Naiional Researcli Council Panar iu ah 
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Receixed for publication June 3 1949 
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Table I DLvaNOsis Dos\op \m> Hesponse to Treatment 'With As^e 



— 

MILLICURIES OP 


DIAOVOSIS 

CASE 

ASTO 

RESULTS 

Acute \eucemia 


— 

TCTn\«<a\oh, dved o£ hemoTTbugei 


2 

69 

Wo remission died of hemorrhage 

Subacute myelogenous 

3 

13 5 on 10/3/47 

Three remissions of 2 to 3 mo each 

leucemia 

4 

12 on 10/10/47 

45 ou 1/31/48 

47 on 5/14/48 

17 

Inadequate dose died of intracranial liem 




orrhage 


5 

90 

Remission of 1 uk then steady downhill 




course 

Chronic myJogeuous leu 

6 

30 

Symptomatic improvement for 2 uk until 

cetQia 

7 

30 on 3/31/47 
o4 on 2/1/49 

deatli from cerebral hemorrhage 

First remission of 5 mo , second of 2 rao 


8 

60 

Good remission for 4 mo 


9 

40 

Good remission for 19 mo 


10 

32 on 6/11/48 

Six week remission on inadequate dose^ see 




ond remission of 2 mo 



o9 on 1/28/49 



11 

69 on 2/4/49 

36 on 2 / 11/49 

Symptomatic improvement 1 mo 

Subacute lymphatic leu 

12 

36 on 1/30/48 

Little improvement concurrent Iiemolytic 

cemia 

13 

39 on 2/6/48 

00 

anemia 

Remission of 2 % mo but bad senes of 




pyogenic abscesses 


14* 

14 

Remission of 1 mo then died of hemor 
rhage 

Remission of 1 mo then died of general 


15 

72 




ized tuberculosis 

Chronic lymphatic leu 

16 

33 

No response in severe mental depression 

ccmia 

17 

38 

at time of treatment 

Died of cerebral hemorrhage after 4 uk 




of syTuptomatic improvement 


18 

80 

Two week remission died of pericardial 


19 

70 

hive month remission until death from 




congestive lieart disease 

1 oiycythemia rubra vera 

20 

45 

Three month remission 

Multiple rajeloDia 

21 

lo ou 8/28/47 

Six montli remission (unusually benign 


12 on 9/0/47 

tyT© of ease) 



22 

88 

Seven month remission 

•ujcosis fungoides 

23 

80 on 9/10/48 

No response later responded to x ray 



80 on 9/24/48 


^letastatic carcinoma 

24 

80 

Decrease m sizo of liver but progressive 

pnmary m stomach 



downhill course 


Deferred b> Dr Sjvld Johnston Rockford III 


RESULTS 

Uodgkin*s Disease — Each of foui patients ^Mth Hodgkin’s disease re 
ceued fiom 1 0 to 13 0 me of As’® and up to 52 mg of stable arsenic in di 
'ided doses The longest i emission two mouths was obtained in a patient re 
ceumg 52 mg of stable aisemc and 13 6 me of As” Howeter it was felt 
that the amount of stable arsenic was such as to be sufficient in itself to pio 
fiuce a remission and that the jVs “ hid not been gnen an adequate trnl in 
this group 
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...s r 

Ca 6 1 developed a seve.e he,„onhag.o paocees and Case 2 ha< ! 

1 ec : felpZdl^ '""" 

lespond to theiapy of any natme inchuhns massive tialislasiem 



It IS deal that these two jiatieiits failed to show any bettei icbpoii^e fo 
Jii> ® than has been noted in the past to methane,^ F’'-/' “ nitiogen jmist.m , 


Ah ® than has been noted in the past to methane,^ P’-,^’ “ nitiogen jmist.m , 
01 x-iay It is piobable that Aminopteiin»> will have moie to oiTei than 
As^*" in the tieatment of acute ieucenua 

Suhaciite Myelogenous Leuceniia — Case I did not leceue eiioUodi 
e\eit a theiapeutic efteet Case 5 had an extieiuelv shoit rcinisbion 
patient uas in leiy pool condition when tieatment was begun If 
obtained in Case 3, iii which theie w'cie thiee lemissions vaijuio f*®^” j* . 
foui months to two months in spite of an mtiactable osteomyelitis, can be 
cated in othei cases ot subacute mj elogeiious leuceraia, it would 
As‘“ may be about as eftectne as Ammopteiin’= and supeiior to fbe , 


mon theiapeutic agents^ ' “ and ladiosodium” m 

condition 


the tieatment 





Chrome Myelogenous Leucemia — Foui (Caseb 6, 8, 9, and 11) of the sx\ 
patients wcie pie\iouslj uiiticaUcl and one (Case 7) had one course of 
uietlnne and should also he clissified as m eailj ^ ise Four pitients le 
‘'Pouded ^\\tl\ 1 emissions fiom foiu to sixteen luoiitlis in duration (Fig 2) and 
^"0 (C ises 7 and 10) lesponded in a sinnlai inanuei to a second course of 
The other untie ited patient (Case 11) had onlj slit,ht symptomatic im 
proicment The sixth piticut (Case fa) lefiaeloiy to xiay therapj, tbed 
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Of a cei ebi ovasculax accident Howevei , his anemia failed to lespond to tim 
fusioM following As’» and he may be classified as a theiapeiitic failme as is 
usually the lesult m patients of this tj'-pe ^ 

Chionie myelogenous leucemia is a disease with gieat variations in its 
couise Patients have been knoivn not to develop any subjectne sjmptoras foi 
as long as five jeais aftei the diagnosis was established Hoaeiei, oiili a 
mmoiity (16 pei cent) of patients have spontaneous lemissions once the disease 
pioduces anemia oi sub3eetive sjmptoms^^ Therefoie, any good result oiitained 
in patients who iveie tieated meiely on the basis of a positive diagnosis iiia\ be 
ascribed to the benign natuie of the disease lathei than to the dneet effect of 
thei apy 

With this leseivation in mind it would appeal that even the greatei dit 
feienees in lesponse reported in previously untreated patients followmi; 
viaA,’®^® P®-,^ ® uiethane,® Powlei’s solution, and Na"^” may veil be 
due to variation in the biologic natuie of each patient's disease It vould, 
theiefoie, appear that i emissions of foiii to sixteen months in om untieated 
eases lepiesent no better than an average response (Pig 2) Like othei gen 
eialized methods of theiapy, As^® is not as efficacious ui ledueiiig the si/e of a 
huge spleen as local x-ray theiapy * but like P®- ® and Na"^ it laielj pio 
duces any toxic symptoms 

Subacute Lymphatic Leucemia — Two of the foiu patients (Cases 13 and 

14) weie pieiiously untieated and had symptoms of eompaiatnelv short 
duration One patient, Case 15, had received x-iay theiapy with very iittie 
benefit and one, Case 12, had received urethane without impiovenieiit Three 
(Cases 13, 14, and 15) responded to theiapy with an impiovement in appetite, 
eleciease oi absence of fevei, decrease m lympliadenopathy, and loweimg of 
the white count for about two months Howevei, two (Case 13 and la) ot 
these thiee expeiienced the onset of a severe infection, fiuuneulosis m one, 
tuber ciiiosis in the other 

The foiiith patient (Case 12) had a hematologic lesponse with a diopm 
white count and a deeiease in fevei, but because of an associated heiuol'tic 
anemia he continued as an invalid until his death one yeai latei follovii'o 
splenectomy in another institution 

These lesults are, in geneial, compaiable with those lepoited m the Idor 
atiiie following Aminopteiin Possibly subacute lymphatic leucemia 
show a better response to As"« than that lepoited aftei 
01 nitiogen mustard'® The oecuiience of two seveie infections (Cases 

15) at the time of gieatest depiession of the white count should vain 
the use of As'® in the piesenee of any geneiahzed infection, especialb 
culosis We have been impiessed by the oecuiience of a flaicu]) ui 
pieMOUsly ciuiescent tuberculosis following geneiaii/ed cytocidal therapi ^ 
as As’® and nitiogeii niustaid in the tieatmeiit of leucemias and ^ 

Chionxc Lymphatic Leucemia- — Poui patients veie tieated 
adecpiate amounts of As’® Only one (Case IG) was pieiioush 
was 111 a seveie mental depiession and failed to icspond to theiapy ^ 
tients (Cases 17 and 18), each of whom had been subjected to esteiisn 
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the.apy m the past, snceupibed to compheatms iWes A spectaenlar t«,lt 
Wd and „,ass,ve lymphadenopathy aod splenooicsaly «.e ta.easul 


»S those lOporlKl 

y 01 P mtiogenmiistaid,’’ methane®- 01 jSV‘” P.nticulaily db 

imheaTT w in tlie patient, Case 16, who was meuoiisli 

iitieated Howevei, Eeiuhaid^ has encounteied a smnlai lesiilt aftci P 
as we have aftei mtiogen mnstaid The lesponse of Case 19, who had le 

nei seseiey anemie m spite of massive tiansfnsions and seveial tipts 

0 ei apy, was most enconi aging since this is the type of case vhith is no 

toiiously difficult to manage 

Polycythoma Ruhia Veia — The lesponse of Case 20 was faiilv salisfactou 
and also vas qualitatively sunilai to that deseiibed aftei P®®*-- ®® Ilonevei, 
nmeh longei i emissions aie not at all unusual aftei P®® so tliat As^® lias little to 
0 ei that IS supeiioi to the lesults aheady achieved by P®® Anothei patient 
nas tieated with a total of 2-1 me of As’® and phlebotomies Since this 
amount of As’® is too small to be effective, the Inief lenussioii piobabh iias 
due to the phlehotonues 

Multiple Myeloma — This disease is almost alway s chaiacteiued bi a rapidli 
piogiessive downhill eoiiise with uiuelentmg pain m untieated eases, al 
though occasional chiome cases such as Case 21 have been lecogni/ed*' he 
missions sunilai in extent to that expeiieuced in Case 22 have been lepoitcd 
aftei ui ethane®® and Stilbamidme ®®> ®’ 


Mycosiii Fungoidea — In many lespeets the theiapeiitic lesults m this dis 
ease aie similai to those achieved in Hodgkin’s disease In Case 23, tieated 
foiu months befoie death, it was Cjuite cleai that the sicm and pulmoiiai} le 
sions weie still in pait amenable to local x-iay theiapy aftei they had failed 
to lespond to As‘® oi mtiogen mnstaid 

Metastatic Cai cinoma — The lesults in Case 24, in which the patient had 
a eai cinoma of the stomach, aie difficult to inteipiet Caicmoma of the stomach 
may occasionally give use to masses that lesiioud to xiay theiapj hj 
eiease in size as did this patient’s livei metastases Theie vias little else m 
the patient’s comse to suggest that As’® vv-ould piove cmative oi even heia 
ficial in caicuionia of the stomach 


DISCUSSION 

It appeals, theicfoie, that As’® lesenibles mimeions othci therapeiffi'- 
agents such as x-iay, methane, mtiogen mnstaid, i admphosphouis, r.iii<^ 
sodium, and Powdei’s solution in that it is capable of piodueing a 
111 ceitain ot the nioie chioiiic and benign tuinois of the heiiiatoiioietie 
and that it is not a cuie foi these diseases The inoie acute fonim ot 
diseases, with the possible exception of subacute leuceiiiia, do not seem pa’ * 
lai ly amenable to -Vs'® Ihei apy 

Ill evaluating the tlimcal usefulness of As'® one is foiced to 
vvhethei it is moie eftectivm than pieviously used mateuals in proditcmo 
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nussion, wlietliei it -wnll pioduce a icmissioii ■\\heie othei agents ha^e failed, 
and i\hetliei the ad\antige& if anj aie suffieientlj gieat to wniant using 
a substance that is so difficult and e\peiisi\c to pieparc and so dangerous 
to handle Unfortunately, because of iiuuieious factois, such as inteiciuient 
disease, '\aiiatioiis in the clinical couise of patients ^vlth the same disease, 
duiatioii of disease pie\ious theiapj supplemental theiapj, and lest and 
psychic factois it is \eij difficult to compaie anj series of patients One 
cannot but be impressed by the occasional patient ^vho lesponds to theiapv 
111 a mannei that is entiielj unexpected and ineonsistciit ^\lth the usual le 
spouse dial acteiistic of patients u ith that disease 

The ciitena foi evaluating a clinical i emission aie not similai Foi ex 
ample, depiession of the white count has fiequently been used as a means of 
estimating the lespoiise to tbciap> Howevei paiticulailj in acute leuceuua 
and the teimnial stages of chionic leucemia the height of the white count may 
beai no i elation to such i espouse In this stiulj we have followed the blood 
counts carefully and have noted a depiession of the white count vaijung fiom 
20 pel cent to 80 pei cent of the pietieatmeiit figiue in almost eveij patient 
treated without an mvauablc luipiovemeut in the ehmcal condition of the pa 
tient Consequently the white counts have not been lepoited in detail Theic 
has been no maikcd tendency of the pciipheial blood diffeiential count to le 
tum to noimal following tieatment except m a few cases of chionic m>el 
ogenous leucemia An alleuation of tlie anemia is geneiall} acceptable as an 
indication of a good theiapeutic i espouse Since piacticallv eveij one of the 
patients in this study leceived numeious tiansfusioirs this cuteiion was 
leiideied umeliable 

In geneial we have felt that the alnhtj of the patient to hv e a more com 
foitable and moie useful life was the best indication of a lesponse to theiap> 

Oil this basis oui results seem to have been umibuallj good m a single 
case of chionic Ijmphatic leucemia chaiacteiized bj seveie anemia possiblj 
favoiable in subacute Ijmpbitic leucemia and woithy of fuither evaluation 
m multiple myeloma In the othei disc ises tieated the lecogiiized agents such 
'IS X raj P” uiethaiie and nitiogeu mustaul which aie moie leadilj avail 
able less expensive, and less hazardous will give similar if not superioi 
clinical results 

It IS of imiiortance to note that wc have not jet attained a maximum safe 
clinical dosage level of As ® noi have we fully exploied the combination of 
stable and ladioaisemc oi the effect of lepcated small doses of As^® It is 
possible that when these aie attained a bcttei clinical response maj be achieved 
llowevei the problems of handling the amounts of v\e have used aic so 
gfcat that It haidlj seems piactical oi woith while to attempt to use laigei 
quantities of As^® on the basis of the lespoiisc of the patients in this studj 

CONCLUSIONS 

1 Twciitv four patients with tumoi's of the hematopoietic tissues two v\ith 
polv c}*thcmia lubia veia and one with metastitic (.arciuoma have been tieatcd 
^'ith intravenous injections of ladioaisenic (As’®) 
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2 This ladioibotope, iindei the eonQitioiis used lu this study, .ippmsto 
oftei no ad\antages ovei the types of theiapy alieady lu use foi these eoa 
ditious 

Me iMsh to think Mr Howard Ducoft and Mr Bobort L htr wIil of (lie IrgoMi. 
N itiona! Liboiatoij for their cooper ition in the prepaintion of the As « used m tliia audi 
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THE UEE OF RADIOACTIVE SILVER FOR THE DETEUTIOX 01-' 
ABSCESSES AND TUMORS 

I Tnr CoNCEMRAiioN OP Ag‘“ in Sponjt vneous UNO Expirimfntm l\ 

Induced Abscisses 

H vROLD D Wesi, Ph D , Alfonso P Johnson, M S , and 
CiiARLPS W Johnson, ]M S 
Nishville, Tenn 

TN A leeent commuiueation Horn this Jaboiatoiv" it Mas iioiiited out tliat tiaior 
1 doses ot the long halt-lite silvci isotope, Ag'"® ““ (halt-liie 225 dau) could 
e caused to concentiate at iiaitieuhii localities in the bodies ot alliiuo lats In 
t ie simple expedieiit of inducing mtection (e\peiiiuentallj ) m the foim ol 
aiscesses It also appealed that the ladioactive isotope coiieeiitiated itsclt ui 
aieas ot spontaneous iiitection It seems possible that it the shoit halt lite ladio 
sihei isotope, Ag”^ (half-lite 7 5 da\s) could be concentiated at oi ncai the 
site ot a lesion in sufhcieut amounts it might piove of value m theiapy ot tumois 
in luniian beings 

It IS eleai that it ladiosihei can be caused to concentiate in abscesses iii 
cluced bi in]eetion ot a suspension of bacteiia, oi in aieas of spontaneous iiitcc 
tion the pioeednie niai become a veiy valuable method toi the dcteutioii or 
location ot hidden oi obseuie abscesses The existence of the 8 2 dav half life 
Ag’““ and the nevh dec eloped, highly sensitive, diiectioiial GeigeiAIulIei coua 
teis make the piocecluie ideal as a tool foi diagnosis in the patient with an 
obseuie focus of infection 

In the pait Mhieh follows it ivill be slimvn tliat the Ag'" behaves siinilail' 
to the Ag’"® ““ ^as Mould be expected tiom the election configuiations), ur 
it coiicentiates in spontaneoush oi expei imentalh induced intccted aieas The 
cliieetional ( iemei-Mullei countei Mas not used in these expeiiiucuts Mith Jn 
It Mas nccessaic to conduct the assay tluough actual aslimg of the tissues i»"t 
chemical isolation ot the ladiosilvei 


EXPERIMENTAL 

ilio Agui ■^^as separated from the irradiated pahadiuni target obtained frow 
pile at Oak Bidge bj a procedure developed in the Cancer Eesearcli Laboratorj o I 
Institution by Bouser and Hahn 2 

The test organism used was a strain of Streptococcus hemolyticus isolated 
throat of a hospital patient The organism was used after sixteen hours of incubatiaa^^^ 
proteose peptone broth at 57° C One tenth of a milliliter of the undiluted 
injected into the right legs of albino rats and forte eight hours Inter 0 nu 




MHi irrj McilHai 

It iiro.luci-' ('‘'""‘■‘rur 
. 1 rn ll . 


1 10111 tlie Dep 11 tnionts of Biochcinistr\ aiiU Bictoiiolo? 

Pi.ci.i\i.a foi publication Julj H I'llO 

III I ,Uut Isotope of Clio ce loi tills purposi siiicc “ jjnn 

mil unlike \j, which is a pure Jl-ra\ emitter slioulil bo micnable i,„,t Jl 

Ti! if‘iU ^his purpose stneo their paiticles trpel onO ^ elm 

The __ 1 ll i\ hilf-Ilfe isotope V{;“" while It eiiiits feummi ri\s ami thus irr 

in external sun e\s is excluded for this purpose on iceount of the ,# f„r -ou ' J 

dl ition icsuItiiiK from its lonfe h ilf-lile This would bt pirtieul irU ° j. hurt 1 

the i-otopc IS not prompth excrete 1 On the othei hind Cs‘“ has a relatimo 
of s d d ix 3 
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Agm 111 tlic form of the mtrate uas injected cither into the same leg or into the kft one 
Three daja after injection of the isotope the animals were sacrificed and the legs kidneys 
luers, lungs hearts ami testes or o\ancs 'nero ashed and the sihcr was isolated and 
subjected to radioassaj* as described previously i The results with five animals are given 
in fable I Each tissue was subjected to bactoriologic examination before assay 


Tvbif I Distjiibltion Oi Ag‘ii i\ Various Tissies 72 Holrs Poli owing Its Injection 
IN Le^T or PlOIIT LEC in the PRESENCE OK ABSENCE OP INFECTION ExteKIMENTAELN 
Induced in the Left Leo 

(Dose 05 ( c vwth 3 02 x 10* coonts ier minute) 


R.\T 

1 

niCHT j 
LEC j 

teft 

LFO 

kidney! 

1 

UVEK 1 

LUNG 

1 

IIEVRT ! 

1 TESTES 

I OR 

1 OVVRY 

RKJHT 

LEO 

i 

1 LEFT 
LEG 

1 


Isotope 

Organism 

JIO 

820 

8o 

aa 

780 

1220 

2 620 



Isotope 

Organism 

400 

S62 

7a 

40 

18 

1 065 

3 220 

3 

I'^otope 

Organism 

492 

1 690* 

91 

80 

20 

1 620 

4 000 

4 

Isotope 

Organism 

472 

1 261 

97 

49 

27 

1026 

3 221 

0 


Isotope 

472 

1 097 

101 

a2 

23 

1 262 

1 415 


Bacterloloffic test positive Indicating' Infection 


It uas of interest that the concentrations of radiosiKer uere uniformly high m livers 
To confirm this observation three additional animals were given injections of Agm alone 
and the concentrations of the isotope m Xidnev liver lung, heart and testes or ovaries 
were determined The results arc shown in Table 11 where it is to be seen again that 
the livers have a uniformlv high count 


T\blb II Distribution of Aq'>^ in ' Miiot <? Tissues 72 Hours V-fter Its Injection Into 

llioiiT Leo 



i hVDlOSnVEB INJEfTED 1 TO RICH? lEO (COINTS TEH 

JJIN ) 

RAT 

1 KIDNfcV 1 

LIV ER 1 

LUNG 

1 heart 

j TESTES or 

I ov \n\ 

1 

3S8 

1 031 

41 

0 

0 

2 

3SI 

924 

al 

0 

0 

3 

Control 

Simple 

403 

36147 

904 

55 

0 

0 


An additional three animals were studied for normal distribution of the isotope In 
this instance the studies were extended to include as much of the muscle bone, and blood 
as could be obtained and the feces and unno were collected The stomachs and intestines 
■were assayed together as well as the major portion of the skin The heads and tails were 
Bot studied The results are shown in Table HL Bat 1 must not be compared with Bats 
^ and 3 since a massive infected area was found in the left leg (ngUt leg injected with 
Agiiv) The predominating organism in this infected organ was a strain of Sir hemolyticwt 
The tissue placed under the Geiger Jliiller tube for radioassaj was found to be highly 
radioacliv e 

DISCUSSIOV OF RESULTS 

The cNpenmcntal findings given in Table I indicate in Ime with our picvi 
OUK leaults with the 225 day half life isotope, tint Ag”* also conceiiirates m the 
tissue with the CNpenmtutally induced abscess They demonstrate also that this 
'\ill occur even if the isotope is injected into an organ quite remote fioni the 
focus of infection Tlie I'csult with Rat J Table HI was cvtremclv fortunate, 
though unexpected The radiosiher was injected into the right leg ’When the 
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Table III Distribution op Ag“i in Tissues op the Animal Bout and Eecoiepi \iTt' 

72 Hours 

(HejVds and Tails Not Studied Eat 1 Was Found to Haie i Mieshr 
Infected Area in the Leit Lfg) 


TISSUE 

rat 1 

(counts/min ) 

RAT 2 

(COUNTS/MIN 1 

R.1T 3 

(C0IINTS/51)N ) 

LiNer 

65 

72 

S3 

Lungs 

11 



Kidnej 

26 



tSkin 


3 

11 

Bone 


10 

7 

Muscle 

5,179 

123 

130 

Feces 

S79 

5,763 

5,970 

Urine 




Blood 

39 

22 

30 

lestes or o\ane3 



132 

Intestine and stomach 

29 

114 

Heart 


35 

31 

Per cent recot er> 


85 14 

SS ill 

Control sample 
( counts/min ) 

7,981 

7,212 

7,313 


animal Mas saeiificed a massive infection of the left leg nas discoieied Tht 
high count in the muscle fi action foi this anmul was eliiefly due to the sihcr 
coneentiated m this aiea This lesult emphasizes the piobable value oi tie 
method, if employed, fox detection of obscure oi hidden abscesses 

The uiiifoinil} lelatively high count m the liveis of the aiiimalb studied 
deseiies some comment The counts in the infected tissue aie some t nee o 
toui times as gieat as those seen in the liveis and thus uoidd liaidlv e vJiw 
fox confusion m the seaich foi a focus of iiifeetion These relatively hig i 
aftei thxee dajs aie appaienth related to evcxetioix of the silvei ^ 
eoimts seen in the feces, the absence of silver from the uiine, and tie lea n 
high values foi li\ei lead to the conclusion that txacei doses of la losmei 
excieted hi the In ex, piesumably by ivav of the bde, into the 
CNCxeted in the leces These lesults confiim those of Seott^ leceut \ a\a 
from the Atomic Energy Commission 

Pievious attempts to develop pioceduies foi the detection 
been made b\ Kioll, Stiauss, and Necheles- ® and Stiauss, iNemie , 
and Neebeles'* In a leeent publication* these aiithoi'S suggest tie 

bis-azo d\e, disodiuin-1-amino-S-hN dio\y -naphthalene-3,6 disn tona e 

monobiominated with ladioaetive biomine foi localization in 
duced abscesses in dogs The pieliimnaiy e\peiiniental ie'>uts j,, 

cvoulcl suggest that the employment of ladiosilvei iiitiate m tiacei os 
a moie simple pioceduie ^ 

These studies aie being c\teaded to animals mth the tuipe 
abscess and uith tumoi-s 


CONCLUSIONS 

1 The ladioactne Ag’“ isotope coneeiitiates m areas ot mice !,» 

2 This isotope is excieted In the Inei into the mtcstmc P 
way of the bile and the feces 
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3 Since both and concentrate in areas of expeiimcnlallj 

induced and spontaneous infections it is to be expected that otlier sih ei isotopes 
such as Ag*®® foi example, ^\ould behT\e similailj Since Ag’®*^ has a shoit 
lialt hie (S 2 dajs) and also emits gamma rajs md is thus ameiidble to external 
sur\ej It IS suggested that it might pio\e to be of \alue as a tool foi the detcc 
tioii of obscure foci of infection in the anmial bodj 

The senior author Tvishes to expre s his gratitude to Dr P F Hahn of the Cancer 
Research Laboratories of this College for his assistance m the initiation of the program 
of isotope research 
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INTRODUCTION 


D espite the extensive studies on the place of diet loi\ in sodiuiu ehlondeui 
the theiapv ot hj*pei tension,* ^ theie is as I’^et no complete agiceinent as to 
the efficacy oi explanation ot this theiapy Recent le exaiiiiiiatioii of this suh 
ject might lead one to the conclusion that the adiiiiiiistiatioii of ditts wliidi 
aie low 111 sodium is sometimes attended bj a leductioii 111 blood piassuie'' 
This, it has been claimed,® ^ is a leasoii toi the success*® of the iice diet theiap' 
Dietaij lestiiction ot sodium (including the iice diet) has again liccoiiie wnle- 
spiead and is geneially being applied in clinical piactice without adciiiiatc ton 
tiol Seveial caietullv coiiti oiled studies have dealt with patients 111 the ho^ 
pital attei they have 1 cached a stabilized, 01 neailj stabilized, blood piessiiro 
le\el and 111 whom a peiiod of sodium lestiictioii has then been alternated mtii 
a peiiod ot moie noimal sodium intake **■ *■ *■* Fiom these studies has coiiio the 
obseiiation that in some patients a fall in blood piessuie iiiai ollui duiiiigJ 
peiiod of seieie sodium lestiietion, but that tlus fall ina} be shglit and iiw' 
occui onlj when the tweiity-foiii lioiii intake of sodium is Kept estienieh lo" 
It IS not satisfactoiy to caii\ ovei the lesults ot these studies in attcmpl 
iiig to apply them geneially to the clinical tieatnient ot In pei tension ifs 
of all, a hospital en\iionnient is not the usual eiiviionment toi a iiunian leni. 
The factois ivliich may lelate to the maiiiteiiaiice (and peihaps ^ 

ment) of hvpei tension aie consideiabH modified b\ the simple tact ot lew-, 1 
hospital as a patient Theietoie, a toim ot theiapi vhich is 
tively ineftective 111 the hospital might eonceivabh be 11101 e eftcctue " it' 
patient IS undei “1101 nial” In iiig conditions HHlno- 

Second, it is possible that seceie sodium lestiiction might sene 
blood piessuie 111 the InTiei tensive patient oiilv uiidei ceitain 
Foi instance, sodium lestiiction niav be unable to tuitliei iouei a 
that has come down undei infliiciice ot otliei factois to a niininuini 


line ” It the patient liad been tieated at a higliei level of blooi pi^ 
this ‘ ‘ base line, ’ an eftect might ha\ e been noted, c\ en thoug 1 t ic 
ineftective 111 lovveiiiig the “flooi ” ot blood piessuie 
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Most impoitant of ail the admmistiation of a diet wluc)i is ngidh 
restiicted in am factor ma\ mduenec the habits aud icactions of the patient 
quite piofoundl> In this niaiinei it ma^ pioduce ph^slologlc eliaiigcs iinre 
latcd to tlic lenioval of the paituiilar agent under stud^ In oi*dei to control 
this most piomincnt featnie of dietothciaps it la inandatoi\ to administei a diet 
identical to tJie e\peninental diet in eicii wa^, except foi the factor under 
studs itoieosei tins must be done in such a wav that the subject icmams 
unaware of the diffeiencc In addition m am studs sshere the inteiests, 
emphasis oi bias of t)ie in\esti{^atoi might modif\ tlie lesults he too, sliould not 
kiiou uhethei )iis observations lelate to the cxpcinnuital oi the contiol period 
Two recent studies have been leported on the effect of rigid sodium restuc 
tion upon ambulatoiv patients in which favorable results aie clsimed ^ * These 
lepoits do not include controls either of the diet in tcniis of the degitc to which 
the diet was followed oi of the taetois m the treatment othei than lack of 
sodium which miglit be responsible foi the lesults 


PL\N OF STUD\ 


For theso rta^iona a coiitroHc*! «tu(h was planned in which all patients would be 
placed upon the sanio dietari regimen— one uhich would be rigidlj restricted in sodium 
content to lc8<i than *^00 mg of odium per dav The experiment was divided into three 
periods of 8i\ weeks eacli Schetlules uere prepared for twentv four patients covering the 
administration of cither sodmm chloride 4 Om per da) or an idcnticall) designed Heto^c 
preparation, to these pationt'i during the three experimental periods (A construction based 
upon three periods was olio's! n to make it impo^silde to be certain whether the medication was 
l>eing chiDge*! or not at the < oncluHioii of an) one period ) Of tlie eight different combina 
tions of poriodM possiide these four wen? selected 1 Lactose sodium, lactose 2 sodium 
lactose lactose 3 hetose hictost <iodium 4 sodium Hetose sodium 


V schedule nas selected in rindom fishiott b> tho plmrnmnstt aud a*i3igncd to each 
pntitnt, tho medication to b« i suci from the phnrmac) nccording to this schedule and with 
oat knowledge of the patient or tho (him ptrsonnil VUhough octaaiouallj* a patient had 
gastrointestinal distrc '< which might suggest that he was receiving sodium chloride in tho 
main 11 ero was no indication aa to which medication was being taken 

Tho subject was seen throughout b) the lame investigator, who, following a uniform 
ttchnjquo each week recorded the blood pressure on one particular arm after the patient 
had rested in the recumbent position for at least live minutes averaj^mg two or three deter 
nimations ihc recommended technique for blood pressure measurement was followed 
Wlitriug to the hot as planned w is not an eas\ task Vs i practical chock, twenty four 
hour urino samples were collected usunll) once a week for sodium nnahsis with creatmino 
>mal)-8is to cstiildisli the lomplttincsH of the sample \MuIt. urinar) sodium will not paralkl 
dictur) sodium dunng retention in diuresis or other state of net,atue sodium balance, the 
of tilt observational pcnoils makes it unlikd) tint an> signilicint storage or loss could 
“ccur and not lie reflected b> w tight thange 

The ttchnicmn alone had ac( e s to the reeorJa of medication According!) if the sodium 
cwretioii i\cecikd tho tstinmtcd intake the doctor and dietician tould be so informed The 
hocking procedure resulted in some dtla) and tins txplains wh) a number of patients were 
lernntttd to continue the txjicnment although their sodium intake w is so high that the) 


Th ac Were InltloUv provld d as gelatin capsuKs containing 0 5 C.tu through the 
^ 1 . 1 ^ of Dr L. U Jos clvn und the \bbott Labor ttorlea North ChlCiiKo lU Subscqi chtt> 
miij coated sc lied tnhl U were usd obtiiJnel through the courtesj of Dr K O 
oohistioU ml LU Lin> X. Companj InCliunaiKiU In 1 

^ tW urt. trrt.atl> indcbUd for tlw, able coojx-ratlon of Mr M L I ottering and her 
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cannot now be considered to have been on a rigid sodium restriction While some p Hunts i\iU 
follon the diet \nth precision ind ha\e no difficultj in inauitaining a uriinrj twenty four 
hour sodium n ell below 300 mg , other patients cannot be made to understand, or do not w wt 
to accept, the limitation of a diet so constructed 

Selection of Diets — The diets nere individually prescribed after internet They at 
tempted to meet the doctor’s prescription as to caloric level (maintenance was dcsinJ) anl 
as to protein content (usually as high as the patient would accept), to consider the patient 5 
tastes, and still to have the calculated sodium content below 300 milbgranis A commeruil 
preparation of salt depleted reconstituted nidk* was emplojed where indicated Coniiin.Knl 
salt substitutes were permitted if they contained no sodiumt Iron and vit imiii dcficicmu'' 
were corrected by medication where necessary Water was allowed ad Iibitnin, the ■-odmn. 
content being known or determined to be insignificant In several instances “holidi)'’ 
were permitted for Christmas or New Year’s Day Although these were followed bv a nur 
curial diuretic and when necessary an additional urinary collection, relavition to this degrrt 
was a mistake, at least in the handling of the experiment We did feel it the time that it 
kept the cooperation of the subject We were aware of the variation in sodium content of 
foods according to selection and preparation, as well as differences m values cited b) dif 
ferent authorities is 


Selection of Patients — {Twenty four patients were selected on the basis of the ex 
istence of definite diastolic hypertension (above* 90 mm Hg) after several Clinic visit 
More tliaii half of the patients had long records of previous attendance at the Chnic I group 
was chosen who expressed themselves as willing to follow the procedure wath the understand 
ing that they were participants in an experimental study Since the experiment contained its 
own inherent control it w as not thought necessary to observe these patients for inj pcrio oa 
a normal diet prior to placmg them on the experimental regime In addition, a type 0 w 
complete control was available in the records of those patients who had been atten uig t 
clinic previously, but in these cases blood pressures were not taken always in the same 
or by the same observer A second type of control was offered in the several patients in " u 
diet was begun before the "special” medication was available, and these patients, t lerc on^ 
had a period of sodium restriction during which time they vverc not given mcdica lon^ 
one or two instances after the experiment was completed and it was determine 
patient had not followed the diet correctly, a final experimental period was adde 
no "special” medication was given and the patient was observed on the salt rcatric 
The ages of tlie patients were between 28 and 70 Nine were men The etiology^o 
tension was considered to be known in two cases, one of glomeruloncphri is 
pyelonephritis with nephrolithiasis Two patients previously had undergone synipa ^ 
None of the patients were in congestive heart failure, renal insufficicney, qj (J,, 

teinemia or lowered serum sodium or chloride concentrations, or had visi c jjunatal 

twenty four subjects selected, twenty one continued the study for at least 
periods and twenty of these for at least three periods In some instances volcu-i, 

tions were made of the heart size by roentgenogram, the clectrocardiogr 
and thiocyanate available space, but not enough information was obtaine 
period of tlus study to warrant any attempt at analysis Other forms 0 n^ 
did not augment sodium mtake (digitalis, phenobarbital, thiocyanate) periods 

tinned at the outset, or continued unchanged during experiment il and on 


RESULTS 


The entiles, repiesentmg the axerage of the blood 
each Mbit, x\eie axeiaged foi each expeiimental peiiod The ta u a 
coiibideied to lepiesent the blood piebsme foi the subject un ei 


•Generous supplies of Lonalac were made available b> Dr 


C E. 


son A Companv Evansville Ind v e x 1 

tNcocurtesal XX inthrop Chemical Conipanj Inc. Nev Xor 
Dietetic Supplj Co Chicago III , , t|,L 

tDr X S Xlvlng and Dr R M Becker reterred several 
Uiis stud> 
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o£ the experiment (If, as has been claimed, an effect of sodium restiiction 
may not appeal for some tmie after the lestiiction of diet and may peisist after 
discontinuance of the regime then the aieiages thus taken will diminish the 
apparent effect ) 

As a first analjsis the blood pressuies were axeraged for all lactose peiiods 
foi each patient and compared with the blood pressure obtained durmg the 
period 01 periods when sodium chloride was given This constmctior assumes 
that the experiment was earned out as it had been planned onginally An 
analysis of the diastohe pressuies according to this grouping fails to reveal anj 
significant differences between intended experimental and intended control 
penods in the group as a whole The subjects were then reclassified accordmg 
to the results of the averaged tweiitv four Iiom urmaij sodium assaj It is 
lecognized that a single tweiitv four hour urmaiv collection may not lepresent 
the average of the excietion of sodium foi a seven dav period but by the same 
critenon the observations of lilood pressuie made one daj in the week and only 
during one part of the dav do not noecssanlv lepiesent the aveiage blood 
pressure of that patient ovei the ontiie week With this lealizatioii, the expen 
mental penods have been arranged under three headings Where tlie twenty 
four hour uiinarv sodium samples averaged less than 0 5 Gm during a peiiod 
the patient was considered to liave been on rigid sodium restnetioii (A) When 
the average of the samples of tweiitv four hour uimarj sodium was greater 
than 0 5 6m hut less tlian 1 05 Gm the dcgiee of sodium intake was considered 
to have been intenuediato (B) When the twentj foui hour sodium samples 
overaged 105 giams oi moie tlie sodium intake was not considered restiiotcd 
CC) On tlus basis oiilj nine patients were observed to have actually main 
tamed a rigid restriction foi at least one complete penod on an average basis 
Two of these patients were on the icstrictcd diet for two periods apiece One 
patient was earned foi oiilv two periods and duiiiig both of tliese was on a 
restricted sodium intake 

There tmeiges theiefoie a group of eight patients who were under severe 
socliuin lestiiction foi at least one peiiod and by compiiison had at least one 
peiiod of intermediate oi lelitivelj uiiiestiicted intake of sodium Table I 
uidieates the aveiage blood piessuie duiiiig the expenineiital and the eontiol 
periods foi each of these subjects togcthei with the expeiiiiiental difference 
produced by the substitution of sodium chloiide foi lactose The ohseived 
mean change in diastolic piessuie was -47 mm of meicuiy with a standaid 
deviation of 7 G The mean diffeicnet between the aveiage of systolic 
pressures was -8 7 mm of meicuiy with a staiidaid deviation of 101 

It may be aigued that these diffei cnees nie ciitiitlj due to eliaiice jls a 
test of the adequacy of ovu method of sampliug blood piessuies the olisciva 
tioiis on twentj one patients used m this study iii ij 1 c employed II hile only 
eight of the gioup had been suitable to compaie ill cxpeiinieiital aiiel coiitiol 
situations, twenty one of the subjects had hccii followed for at least (ito h! c 
periods These may have been penods each of low sodium excretion, oi penods 
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lABiE I A\erages of Bi ood Presslres Taken During Contr-ystino Sodium Kesti iction 
Periods (Difing Pepiods A the Avepvgf Sodium Excpetiov Was Bilom 0 5 Gm /li 
HR During B and C It II vs Grevter) 



SYSTOIIC (ifM 

HG) 





SUBJECT 

1 A 1 

B OR C 1 

DIPP 




1 1st 

1 2m. 

So 

139 7 

161 8 

22 2 

85 2 

94 2 

90 

b 

11 

Eu 

224 2 

216 3 

-7 9 

113 7 

105 7 

-SO 

H 

6 

Br 

183 1 

198 3 

151 

92 0 

93 6 

1 fa 

7 

7 

Cm 

173 4 

178 4 

49 

99 3 

1021 

28 

7 

11 

Tf 

179 3 

187 5 

81 

107 3 

112 7 

5 4 

6 

n 

Li 

164 6 

177 8 

13 2 

99 0 

106 3 

73 

0 

21 

Li 

103 5 

179 8 

16 2 

90 5 

109 0 

18 5 

J 

s 

Ma 

160 4 

158 3 

-2 1 

88 4 

89 7 

1 3 

3 

0 

Avenge 

173 5 

182 3 

87 

96 9 

101 7 

47 

0 4 

101 

s d 



+101 



±7 fa 




of intei mediate oi uniestiieted sodium excietion Study of tliese tweiit} one 
pans (Table 11) indicates that two consecutive peiiods on a like legniieiiot 
sodium intake weie associated until an aveiage leeoided difTeience m 
liiessuie aAmiaging 0 6 mm of meieuiy diastolic and 11 nun ot nieiuin 
systolic Consideiable laiiation in the diffeiences obseived belucen lilo 
peiiods in each subject was noted heie and also was piesent in the eight sub 
jeets eompiisiiig the expeiimental gioup 


Table II 

Averages op Blood Pressires Taken During Like Periods of 

Soiin M 1 vciiiTiov 


SASTOLIC (MM HG ) 

DIASTOIIC (MM HG ) 

numhi I ot I xn 0-^ 

SUBJECT 

1st I 2nd I DIPF 

1st I 2nd I DIPP 

1st I -'\D 


Sc 

156 8 

164 7 

79 

92 8 

95 0 

Eu 

219 3 

230 0 

10 7 

114 4 

112 8 

Br 

177 2 

198 3 

21 1 

87 3 

93 6 

Ca 

178 6 

178 0 

-06 

101 9 

102 5 

Ti 

198 3 

184 2 

-14 1 

120 0 

1105 

Li 

176 9 

182 0 

51 

107 4 

100 7 

La 

183 0 

174 3 

-87 

113 0 

102 3 

ila 

156 5 

162 0 

5 5 

87 0 

95 0 

Sw 

193 1 

194 8 

1 7 

110 6 

113 8 

He 

209 4 

213 5 

41 

110 0 

110 (T 

LI 

223 3 

22S 2 

49 

128 1 

128 2 

Gap 

151 8 

147 7 

-41 

79 2 

78 8 

Ho 

173 3 

172 2 

-11 

99 2 

96 2 

Ko 

142 0 

139 3 

- 27 

96 8 

100 3 

Ce 

205 3 

208 0 

27 

112 8 

106 0 

Pe 

206 5 

207 4 

09 

112 3 

1113 

St 

182 3 

175 8 

- 65 

114 0 

114 4 

Hi 

241 0 

232 0 

- 84 

129 4 

126 0 

Co 

124 5 

119 6 

- 49 

77 7 

77 6 

Ka 

165 8 

161 3 

- 45 

90 6 

87 8 

Gab 

183 3 

197 0 

13 7 
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To deteimine the likelihood that the dilleiences 
the expel imental gioup might be due to chance .done, 

leliabilitv uas applied^ using the toimiila 
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the eight snlUHi-'J 
“t” test oi slatbt"-'' 
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pluslcd foi direction advice end ubsist inee with this ana j- 
well-tenipeied foil to our efforts 
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wheie (1 = e\peumentalJj obseived diffeience m blood piessucc between 
peiiods of unlike sodium e\cretioi3 

p = neiobtiiiff factoi foi d = — - in winch n = the nuinbez of entiies 

n + ir 

duimg the lactose peiiod and n' = the nninbei of cntiies duiiiig tlie sodium 
period 

T^ = the similail> \\eightcd squaie of the difference bet^veeu pans of like 
penods; and 

a = the nuinbei of pans of like peiiods or 21 

This foimula lelates the experimental diffeiences in the eight subjects 
to the \aiiance of the blood piessuie of the entiie gioup of twenty one sub 
jeets The t \ allies obtained foi 21 degiecs of fieedom were 2 93 foi diastolic 
pressuie and 317 foi sjstohe piessuio On this basis the piobabihty that a 
diffeieucc of the degiee expciimentally obsened uould oecui b} landom 
vanition alone is less than oat m one hundied foi both sjstohc and diastolic 
lalues 

A. tendency to lose weight was noted piobablj ))ecaiise of fluid loss and 
the difficulty of maintaining eiloiic intake Eieiy effoit was made to keep 
the weight loss miminal Some subjects e\en gamed in weight and these weie 
not excliisi-v ely the ones who weie unable to lestuct then sodium intake The 
enge weight loss w as gi eatei (2 0 Kg ) in the tweh e subjects whose sodium 
excietiou was abo\e 0 5 Gm than the weight loss (01 Kg) m the eight sub 
jeets who weie able to iigidly lestiict sodium (Tables HI and IV) 

Generallj the patients who could adheie to the diet claimed the most sub 
jectue benefit seveial could haidiy be kept fiom continuing the regimen 
One of those died abruptly thiee dajs aftci agieeing to libcialize hei salt 
intake The cause of death was piesumtd to be a cciebrovasculai accident 

No evidence of undue salt deprivation was encoiiuteicd The study was 
not earned out duiing the siimmci months It was the obseivei‘s’ impiession 
that lespuatoi’j infections seem to be followed b> undue degrees of asthenia 
Oim patient developed pneumonia together viith a condition lesembliiig salt 
depletion Ilev pavticipatvou in the expeiimeiU was teiiuuiated and inquiry 
mto the schedule levealed that she had been leceiving supplemental salt No 
abnoinnUties weie noted in seiiim electrolytes in this oi any othei ease 

Ceitiin collateial iiifoimation was obtained by analjzing the Clmic 
records of our subjects piior to and following the conti oiled experiment 
blood piessiues taken by the saint oi by othei obseivers and without iimfoim 
technique have been avenged foi ovei thiee periods (1) before 1943, (2) 
thioiigh 1945 and ( 1) 1946 and 1947 until the subject was selected foi 
^tiidy In ceitam iiistmces the expciiment was picceded also by a shoit 
peiiod on diet alone and in some instances theie was a fuithcr period of ob 
''crvitioii on uniestncted sodium intake at the conclusion of the study The 
technique followed m these last two peiiods was essentially compaiable to that 
used dm mg the study except foi the omission of the disguised sodium chloiide 
or lactose 



TADit 111 CoMiAiii&oN 01' PiitMoufa Bloou Putssuitis WiTU Vaiufs OurAiNi d Dubino Comboiih) Admimsiuaiion 01- Minima: Sodium Du i 

Group 1 
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The aveiage lesults of this evaluation aie lecoulecl m Tables III .uwUV 
Foi compaiisoii, the e\peiiiuental tlata aie eiiteied aecoulnig totheiuilm 
uiinaij sodium as A, B, oi C The cases aie aiiaiiged into tluee gioupi Tin. 
fiist gioup (Table HI) includes the eight patients who completed at leist an 
A and a B oi C peiiod The second gioiip (Table IV) includes twehe patients 
with no A peiiod, and the thud gioup consists of a single patient MitJi A pLiimls 
alone The change in blood piessme m the fiist two gioups is aieiaged, iisiii'' 
the value toi 1946 and 1947 as a base The aieiaged sodium cxcictiou .iKu 
IS shoivn for the expeiiiuental peiiods The expeiiiiient in the thud group uai! 
teiminated by iiiteicuiient illness The compaiison leseals an appaient nil 
m blood piessuie in all gioups duiing the peiiods of studi Tins tall is oi a 
magnitude much gieatei than that expeiienced within the coiitiollcd iioilwn 
of the expeinnent Foi the study peiiods of louest aveiaged blood pieviiue, in 
the eight expeiimental subjects used foi evaluation of sochum lestiietioii the 
aveiage tall in systolic piessuie was 30 mm of nieicuiy and m diastolic picssuro 
20 mm of meieuij^ A sunilai compaiison foi the group of patients ulio did not 
tollow a peiiod of stiict sodium limitation as defined shows an aveiage uia\imn"i 
tall of 28 mm of meieun' systolic, and 16 mm diastolic Tlicie is a gcneril 
tendenev' foi the pressiiie to vary with the salt excietion (It must bo leialiu 
that peiiods A, B, and C weie not nccessaiily eonsecutne m am patient ) 
evei, the sodium exeietion after termination of tlie evpeiimeiit nas compaiaie 
to that of an uniestxicted diet and, neveitheless, blood piessme aieiagc icmamei 
below the 1946-1947 level foi both groups 


DISCUSSION 

Tlie aveiage of the diffeiences in blood piessme uhich can be 
sodium lestiietion alone undei the conditions ot the study is shown U> 
small, 9 mm svstolic and 5 mm diastolic It sliould not he mfeiiet mm 
that a legime of soduiin lestiiction is ineffective oi unuaiiautei 
uncomplicated hvpeitensive vascular or cardiovascular disease Tuo naim 
consider atrons should be empbasr^ed in this regard is smai! 

(1) While the aveiage response in the gioup of patients stui ie< ^ 
certain individuals showed a gieatei lesponse than otheis latien 
conti oiled portion of the studv% evidenced a fall m diastohc picssurc o 
ot meicniv A fall of between 12 and 22 mm of meicuiv m 
was evidenced in ioni cases It is piobable that theie aie mani pi 

in lesponsiveness among patients Peihaps, also, the degiee o It w 
sodium lestiictiou is modified by other factois not heiem con m 
be errrphasr/ed that there may be diffeient varieties ot the ^ pr di 
called “essential” hypertension in oui ignoiance of its boniOc 
ologv When a large nnmbei ot patients 1ms been j,.!, 

sponsiveness of these patients to variation in sodium iiituc 
analv/ved it maj" be possible to gioup the tviie of patient w m 
sepal ate eategoiy The siae of the piesent study docs not pc'^^ 
of this natrue Xoi can we ideiitifv oui lesiioiisne paticn s 
“pseudo Cushing’s” tjpe lepoitedby Schiocdei “ 


III!'' •* 

tW 
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(2) It Mill be noted by comparing the collateially obtained nifoimation 
Mitli that obtained dining the expeiimeiital part of the stndj that all pa 
tients e\ en those who i esponded a ei y little to resti iction of sodium alone had 
a reduction in blood pressuie o\ei the period encompassed bj the studj 
This uia\ununi change in piessure is the figiue that Mould be obtained from 
ail eiitiiely “clinical” eialuation of these patients and repieseiits the o\er 
all effect of all pioceduies used plus the spontaneous ^a^latlons in blood 

SYSTOLIC DIASTOLIC 

BLOOD PRESSURE CHANGE ON SODIUM RESTRICTION 
MM Hd 



• • 


Ffff I — For tlie eight subjects In xvhom tlie effect of sodium restriction alono can be 
aetermlned the blood pressure change ascribed to this restriction is compared \\Ith tho maxi 
mum fall in pressure from the clinical lecords Each dot represents one subject the cross 
represents tho average of all subjects (Ml illustrations courtesy of the leterans Vdmlnis 
(ration Washington D C ) 


prcis&uie, diffeienccs between obsenci-s etc If no had been made of 

the change in blood ijressuic associated with sodium resti iction alone this 
entile effect could have lieen ascribed mistakenly to the theinpeutie aalue of 
sodium restiiction In Tig 1 the fall in blood piessure ascribed to sodium 
lesfi iction alone is compared with the maMinum clinical fall in blood pres 
sure based on the lecoids It avill be noted that there is no correlation he 
tween the two sets of obsenations Scaeial indiMdual lecords aie piesented 
in I igs 2 to 8 One patient whose blood piessure lose duiing the peiiod 
of sodium lestiiction as compared avitli a pciiod of liheial adniimstration of 
sodium neaertheless had the gieatest fall iii blood piessure of anj of the 
group on an overall basis (I ig 2) Morcoacr this pitient claimed gieat 
S'mptomatic impioaemcnt on this regimen Her blood piessure was lowest 
duung the si\ week period in which the urmarj sodium aaeraged 125 Gm 
per daj (ciimvjlent to 3 2 &m of sodium ehloiide) The absence of cor 
relation between the fall asciihable to sodium lestnction done and tho gen 
oral reduction in blood pressuie that oecuircd during the coursi of the stiidj 









rise during supplementation -ullh salt. Little -weight change occu^cd 






WEIGHT OF PATIENT IN KILOGRAMS 
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BLOOD PRESSURE 



•Patient Ca an chlerlj man ^\ho ncihcreil to his diet strictlj slio>\cd no effect of salt restriction upon his blood pressure 
although he claimed great 8>mptomatic benefit 
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and the small ntimbei o£ cases o£ the e\peiiiuental gioiip make it lathei point 
less to present the indiMdual eases in a seaich foi the facton which make 
some patients susceptible to sodniin lestiiction and otheis not If the effect 
of this legimen ls consukied as the lesultant of the two components le the 
effect of sodium lestiictiou pei se and the effect of all othci factors piobablj 
\anation exists between indniduals in c ich of these effects It would be im 
poitant to know how to select those patients who might ha\e a good lesponse 
to sodium lestiiction It would appeal of e\en gieatei impoitance to ha\e 
cnteiia foi selection of patients who icspond to the factois othei than sodium 
rcstuetion Both necessitate extension of oui studies 

The foiegoing comments deal onlj with the i espouse of the blood pies 
siue undei the deseiibed 10^.1111011 A fiuthci factoi of theiapeutic impoi 
taiice aiises when it is consideicd that the sMiiptomatic effect of this regimen 
did not alwajs paiallel the change in blood piessuie noi the % uiation in 
sodium intake Theic woie patients who felt bettei although the blood pies 
siues (bd not fill and theie weie patients who felt bettei dumig a pciiod 
when the sodium intake was higlui than it had been bcfoie legaidlcss of aiij 
change in blood piessuie Our bnef studies do not peimit analjais of these 
relationships noi do they contiol spontaneous \anations in the level of the 
patient’s sjmptoms 

We haie been quite nibitiaii m selecting the lei el of sodium excretion 
by winch oui patients haie been gioupcd Piciious workoi's have maintained 
that a minaij sodium or chloiido excretion equivalent to moie than 0 5 Gm 
of sodium pei da-v should not be consideied an ideciuate degiee of sodium 
restiiction foi the tieatment of hypei tension It is quite possible that the 
blood pressuie in some patients mav fall with much moic moderate sodium 
restriction than that which we have ittcmptcd The avciage blood pressures 
for penods at diffeient levels of sodium excietion icveal to some extent the 
nuluidual and aveiagc uspouse of imtients when the degiee of sodium le 
'»tiiction IS vailed A moie impoitant ohiection to the conclusions of the study 
hes in the fact that the penod of obscivatioii was arbitiaiih limited to six 
weeks In seveial instances it appealed that a change in blood piessurc was 
hecomiiig manifest tow aid the end of the six week pcuod This is in aceoid 
With the lesults of otheis who have pointed out that a dclav in lesponse may 
be noted This is said to occui pnituuliilv duniip, desalting Such a phase 
disphcemeiit commented on previoush "ill minimize anv appuciit effect 
of sodium lestiiction alone 111 this studv We do not fool that oui data peimit 
duisioii of the expenmeiital penods cuh into two penods of thiee weeks nl 
though this would be a w aj of appiouhing this valid cnticism 

The studv was designed to evaluate onlv one point and that was whethci 
'w^dium lestiiction alone was eipiblc of sigmficanth icducing the blood pres 
vuto of bv pci tensive patients Heie Significant dots not mean the significance 
lo the patient 01 aiiv tliciapcutic significance but simplv whether sodium re 
‘'triction had i statisUcalhf effett upon the blood piessuie This 

wuist be cstablislicd befoie out cm view in its piopei li^ht the result of the 
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complex altexations whicli ensue when a patient comes to the doctor’s ofuec 
or to the clinic and is advised to go on a iigidly lestiieted diet It is im 
poitant foi the doctoi to know whethei the diet he advises is eftectn e because 
of its sodium lestiietion, because ot its specific composition, because ot its 
psychological implication, oi whethei the patient appeals to beneht beeuisc 
some active theiapeutic eftoit is being made in his behalf oi simply because the 
doctoi IS taking an inteiest in him Fiom the point of view of some patients 
(and physicians), the mechanism may not seem to be of impoitanee, it oiteii 
sufficing that the patient feels bettei and that the i espouse satisfies his pin 
siciaii 111 whom he places liis tiust to keep him well Foi the physician, this b 
self-deception 

Theie is gieat need foi a widei lealization of the piofoiuid. plnsiologii, 
psychologic, psvchiatiic,-'’ social, and economic alteiatioiis which may result 
tiom a diet such as this, apait fiom the biochemical and physiologic effects oi 
sodium chloiide depletion 


SUMMARY 

All attempt was made to piovide a mamtenauee diet with a sodium con 
tent lestneted to less than 300 mg pei twenty-foui houis This diet uas 
ofteied to twenty-foui ambulatory liypei tensive patients on an evpeimienf'i 
basis In addition the subjects leceived eithei 4 Gm of sodium chloride or 
lactose m identical foim ovei thiee peiiods of appioximatelj six ucevs eaci 
aeeoidmg to planned schedules Neither the subjects noi the iin estiga ofa 
weie awaie of the schedule being used and the subjects vveie not auaie o ^ic 
natuie of oi alteiation in the medication The eiiteiioii adopted oi lU 
lestiiction was the aveiage excietion of less than 500 mg of uiwan so • 
in a weekly twenty-foui houi sample Blood piessiues were lecoi ct 
standaidized techmque approximately once each week ^ 

sented data foi a peiiod of lestiiction which could he compared mt a 
of gieatei sodium excretion In these subjects the avciage gf 

piessuie was 4 7 mm of meicuiy lowei and the aveiage jjpd 

mm of meieuiy lowei during the lestiicted period than duriiio 
of sodium supplementation Twenty-one subjects yielded c a a 
two periods of a like oidei of sodium excretion fiom whic tie 
the blood piessuie foi the gioup weie determined On this 
bility that a difteienee as large as that expeiimeutally oisene ' 
by random variation is less than one m one hnndied for lO i 
and the systolic values 

CONCLUSIONS 

1 A diet rigidly lestiieted in sodmni is difficult to adn 

fully to ambulatory^ hirpei tensive subjects ^ di-atcii' 

2 A difleience of less than 5 imn of meiciiiy lu ^ the 

blood pressure was obseived, which could be ascii e o 

sodium chloiide lestiiction alone ;aiiub(J> 

3 This diifeience cannot reasonably be assigned to lan 
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4 Reduction m blood piessure observed wben hypertensive patients are 
placed upon a diet which is icstiicted in sodium may be only partly due to 
sodium restiiction Some of the othei factois ^\hlch may be involved are 
pointed out but not analj zed in this study 
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INFLUENCE OP VARIOUS DISEASE STATES UPON THE PEBUILK 
RESPONSE TO INTRAVENOUS INJECTION OP TYPHOID 
BACTERIAL PYROUEN 


AViIH P \^RTItULVR ReI-EREXCE TO MvLARIV AND CiRRHOSIb Ot Tllb LUU! 


Albert IIeamax, M D , \nd Paul B Beeson, M D 
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C linical expenence clmmg fevei theiapy has shown that patients "imu 
a, senes ot iii3eetious ot a baeteiial pviogeu, such as that pieseut in tiplioai 
saceine, deselop a leinaikable toleiance to the pviogen, so tJiat incicasini' dosb 
must be gneu in oiclei to pioduce compaiable ele\ations in bocl\ temperature 
This tspe of immune reaction oi toleiance is ol shoit duuitioii and is ap 
parentlj not dependent on the piesence ot specific antibodies’ - EApeumtnl-- 
in rabbits indicate that it is related to an intieased abilitr ot tlic leticuL 
endothelial SAstera to iemo\e the pMogeir iioni the ciieulatioiU The (jueslu'ii 
arises rchetliei a similar tolerance develops nr human beings cluniig the cuueo 
ot certain tebiile diseases It such alterations do oeciii, patients tonialesccn' 
tiom these diseases would be e\peeted to show' \ei.\ little fehulo icactwn to 
intiaAenous injection ot a baeteiial pviogen One obscnatioii peitmcnt tu 
this pioblem was lepoited be HowaicP w'ho, in stuclAmg tlic eftect ot tc\ci on 
piotein metabolism, tonnd that he was unable to elicit an appieciable terrie 
lesponse to tcphoid vaccine in a patient w'ho had leccntlv iccoicied 
malaiid iloigair-’ lepoited that patients convalescent tioni tiphou am 
paiatAphoid terei show'ed no significant lebiile leaetioiis to mtiarenciis i'' 
jeetion ot purified extiacts of Ehei tliclla tijijhoba and ShujeUa (hjbCHtLiiue 
inateiial, howecer, pioduced inaiked tebiilc leactions m noiinal 
The piesent lepoit summaii/cs obsei vations on the tebiilc icsponsc ot j 
w'lth Aarious diseases to intia\enoiis injection ot a small dose ot 'pm 
A accine 


AlFlllOD 

Tho \aecnie eniploAOtl A\as a bUbpcnnon of )n, it killed / tyi)hu^ti^'^on ^ 
iinateh one bilhou org uusiiis pei milliliter 'flic st iml ird do'-e n e? nroJiH'd idtk 

AcuoubU Preiious pspenence iiith this in-une had 'hoaa Ih it th)i> ' “ , iii It-iui 

SAmptoniatif discomfort other than i sensation of thillinets tolloni-d >' 
ture of 1 F to 3° F nith temperitun. rctuimng to norm il m i„„Ji S 

ptraturo me i'urpnient‘» Mire mide with a const iiit n cording red il inliri-' 

were btgun one hour pnvious to the injection and coiitinuid it n ^ uni tin l‘ ■* 
for eight hours itterward The febrile response w is plotted on iL lae'"' 

penture previous to mjeitiou w is tikeii is the bisc line Ihc u, uf i' 

ind the course ot the febrile response w is meisurcd with / 

ire 1 , espressed in ii niter units ot the pi inuncter, w is e ilhd the ft'ir ‘ 

The subjei ts studied e in be di\ uled into five ai nn group' 


sixteen ifebnie piticnts receiving I” 


1 A normal’ group ot 
asvauptom itie neurosv pliilis 

trom the Department of Aleaieine of Giadj lleiiion il Hop 
fcchool of iledicinp 
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2 Twenty two patants com lie ctiif fiom i variety of acute infectious disea<ie3, in 
eluding seven ivith pueuinonia four uith gonorrheal arthritis three with tophus fe\er 
tliree witli tularenin, two uitli t\p]ioj(l Itvir two with mtninoitis and one with rJieumatie 
fever TJie vaccine was ndniinistcrt 1 to these patients two or tliKe davs after thej had 
recovered from tlieir illnesses and had bieonie ifebnlt 

3 Twenty patients who had ju t conijJettd a cour e of malarial fticr thcrapj for 
neurosyphilis TJio test was carried out on the second or third da} following the last malarial 
parox}-sm 

4 Fourteen patients witli tirrliosis of the liver 

5 Tliirteen patients with jaundice ten of whom had viril hepatitis aud three of whom 
were thought to Jiavc bili irj obstruction Ml of the patnnts with liver di ease were tested 
at a time when their temperatures had he« n normal for two or three dajs 



Hfe 1 — The febrile response to tjphoJd \acclne in arlous Used e states The arrow IniU 
cates the mean respon e in each group ot patients 


RESULTS 

The febiile lespoiises foliouint, injection of tjphoid \ itune in the 
difteient gioups me shoun in 1 1 ^ 1 Jt will lie ohsen cel that in the noniial” 
“Subjects the langc of the fe^cl index niicd fiom 4T to 262 the mean being 
132 This quintititne cxpitssion of both the height ind the diintion of 
fe\ei iiidicTtes i use of 1 5° 1 to 3° I the tempentuie ietiiiniii„ to noniijl 
U-su d)j withm SIX horns 

In patients lecenth toiu descent fiom itiitc infections the fclnile ic 
'^ponses wcie companble to those of the iioinnr subieets the me in v due 
of the fe\ci index in this gioup being 14*^ The foui highest \alues weie in 
^''0 patients with t^jihoid le\ti iiul two with tidaiemn The two patients 
"dh tj phoid fev ci tlie onlj ones in this stud} with this condition exhibited 
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ail inei eased sensitivity to pyiogen, a finding at vaiiance nitli that oi Mor- 
gan" who lepoited a deci eased febiile lesponse in a laigei iiuiiibei of patients 
convalescing fioiu this illness One othei patient with tulaiemia showed i 
tebiile lesponse snnilai to that appealing in the noimal subjects 

The twenty patients Avlio had leeently lecoveied fiom iiialaiia le.icUd to 
the typhoid vaccine with less fevei than the piecednig gioups, tlien mean 
fe\ei index beuig only 63 This finding is similai to that noted In Kowaid 
in one case Compaiable obseivations weie made by Habetiii," who lonnd 
that the mjection of pyiogenic nuclein, made fiom yeast, tailed to piodiico 
aiij febiile i espouse in a few patients with malaiia 

Patients mth ciiihosis of the livei showed gieatei than iioimnl lesponsev, 
the fevei indices langmg fiom 140 to 352, the mean value being 236 

In the gioup of thii teen patients with jaundice, twelve show'ed lespomsu 
within the “noimal” lange, wheieas one with infections hepatitis had au 
exaggeiated febiile lesponse This peison had been ill toi appiovimately four 
months, and livei fimction tests showed consideiable evidence of hepatic m 
sufficiency at the time the test was pei foi med 


DISCUSSION 

The inei eased sensitivity to pyiogen obseived in patients with chioiuc 
ll^el disease may possibly be caused by impaiied leticuloendotholial fiimliou 
in the Inei and spleen, oi may be lelated to some metabolic distiu laau' 
Patients with ciiiliosis have been obseived to develop te\ei following, i 
mtiavenous adininistiation of salt-pooi albumin^ Theie is also a de ni e na 
piessioii that ceitain piepaiations of albumin piodiiced tebiilc 
jiei'sons with cinhosis, but not m patients w'lth livpoalbuiiunemia cue o o 
causes® The patients in the piesent study wntli acute hepatitis oi o s 
jaundice, hoiveiei, did not exhibit abnoimal i espouses to tiphoid laccinc 
peinnents wnth labbits in this laboiatoiv haic also shown that 
damage, piodueed In ehloiofoiin, did not lead to abnoimal tcbii c lesp 

tvphoid pyiogen huiiiii' 

The diminished i espouse to the pyiogen in patients witi jl 

possibly be associated wnth the gieat piolifeiatioii ni ^ ulu 

elements known to oecui in this uifectioii The stiinnlatiou thcrai" 

endothelial system piodueed bj uialaiial fe\ei and Uphold laetinc 
has been ofteied as an explanation foi then ciuative eftcct m i 

The patients in this study amUi febiile diseases h.'-- 

veloped little if ain toleiance to bacteiial pyiogen ^ 
obseived that patients coiiAmlescent fiom typhoid and paiatip ],,.ulli 

toleiance to mjection ot puiified extiacts of tjphoid uhnb 

whereas the leaction obseiied m five patients ^i,„j th ‘t ' 

diseases was compaiable to that of noimal subjects Bennc 
surMving pneumococcal and colon bacillus infection di^ no 
m febiile lesponse to typhoid oi colon bacillus iiviogcns 
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SUMMARY 

TIio febrile response to t^phold bacteiial p>rogen Mas obscned m a group 
of eightj five patients with vaiioiis diseases The mean response elicited bj 
patients with a vaiietj of infections, such as pneumonia, hepatitis, typhus fever, 
and tularemia, was tlie same as that observed in iioimal individuals Patients 
with malaiial fever, howevei appeared to be compaiativelj resistant to the 
pyiogen Patients with cirrhosis of the liver exhibited an exaggerated response 
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THE IN VIVO ACTION OP AUREOMYCIN ON PLEUROPNEUMONR 
LIKE ORGANISMS ASSOCIATED WITH VARIOUS RHEUMATIC 

DISEASES 


Thomas McP Brown, M D , Ruth H Wichelhausen, MD, 
Lucille B RoI5INSo^, AB, and WiLiini R Merchant, MD 
Wishing roN, D C 

' I 'HE efficacy of gold compounds, in auimals e\peiimentalh infected Mith 
animal stiains ol plcuiopneumonid-hke oigamsms has been demoiibtiated b\ 
vaiions obseiieis^'* A stiain of Stieptobaollus monihfoimis reeoieied fiom 
the joint fluid of a patient pioduced arthiitis m mice with gieat legulaiiti 
Aithiitis could be pieieuted b> the simultaneous administiation of gold and 
the infecting agent, but aitlmtis once established was nnaftected by the use of 
gold The tiansfoimation of this sham of S monilifotmis into the pleuiopueu 
moiiia-like foim was leadily demonstiated ' 

A patient witli nonspecific uiethiitis and piostatitis fiom whom pleino 
pneumonia-like oigamsms weie lecoieied has been tieated with Myochi>sine 
without impioiement ® Sulloiiamides and penicillin have been foniid lueftectnc 
both in vitio and in m\o in animal and human infections with these oigan 
isms ® Stieptomicm has been obsexved to have an eftect on L oigamsms 
and has pioduced a lapid disappeaiance of symiitoms in patients with an asso 
dated infection due to these oigamsms® Ilowevei, pleuiopneiiiiiouia like oi 
gamsnis have been obseived to peisist in a ease of nonspecific iiietliiitis follow 
mg stieptomyeiii tlieiapj ® It has been pointed out lepeatedly that L oigamsms 
may be of significance in human joint diseases but a definite coiielatiou has not 
yet been established ® ” i- 


OBSERV VTIONS 

In the pieseiit studv, patients with iheumatoicl aitluitis, fioni whom cul 
tmes of piostatic secietion yielded pleuropneumonia like oiganisms, weic o 
seivecl toi one yeai oi moie An eftoit ivas made to deteimme w'hethei oi no 
nuclei piolougcd gold theiapy foi the iheuiratoid aitluitis the oigamsms con 
be eliminated in vivo in human beings In all patients of tins gioup, L oig^n 
isms could he lecoimied with gieat legulaiitj' in spite of continued gold theiap 
and satisfactoiy’- clinical i emissions ^1^ 

In one of these patients, each of fouiteen successive piostatic 
tamed ov^ei a peiiod of eighteen months was positive foi L oigamsms ^ 

„ the second weeK, 


thiiteen months of gold theiapy (10 mg the fiist week, 25 nis 

50 mg weekly foi nineteen yveeks, 50 mg monthly foi eiglfl 
dosage, 1,385 mg ), myoeluysme was discontinued because of toviciti 
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months after cessation of theiapj tlie iheumatoid arthiitis relapsed and auieo 
mycin* theiap^ >^as instituted Thcie was a complete disappearance of pleuio 
pneumonia like oij.anisms on sin suecessue cultuie attempts duniij, and follow 
mg aureom^cln theiap^ 

Disappeiiance ot L oioamsms tiom the s,enital tract undei aureom\cin 
therap^ has been dcmonsti ited in a total of nine patients (tliiec men, sin women 
two cases of ei^tlienia nodosum om ot ihcumatic fe\ei ft\e ot rheumatoid 
arthiitLs one of nonspecific luethiitis) In two ot the female patients L organ 
isms leappeaied aftei discontinuation ot the diiic indicating cUhei lusuf 
ficient dosage oi bacteiiost itic lathci than bactciicidal actiMt\ ot ameonuem 
One of these patients was letieated with amcomNcm and n„am piompt ehm 
ination of the organisms was achic\ed 

Four patients with nonspecific mcthiitis ha\e beui tieated with auieomjcm 
Two of these patients had joint and musclL complaints in addition to the iirethn 
tis In onh one patient cultmes ot piostatie secretion Melded abundant giowth 
of pleuiopncumoma like oinani^ms Theie was prompt response to auleom^clu 
(2 0 Gm pel daj for foiu da^s) coufiimmg the obsei\ation of Collins and co 
workers” Complete lehcf ot sMnptoms occuued aftci tolt^ eight houis of 
therap\ Cultures taken thut\ si\ bom's and one ten and eleven weeks aftei 
institution of aurcomvoin therapv woic ucgatnc toi pleuiopneumonia hi c oi 
oRnisms In spite of negative cultmes the patient had a lecuircnee of bum 
m^ oil urination but no letuin of mcthial dischai^e The buniin^ sensation 
has persisted in the absence of fiirthci ticatment This obsenation a lecui 
rent eluncal sjmptom and negative cultmes in a patient in whom L organisms 
were demonstrated pieviouslv suppoits the impicssion that absence of demon 
strable L oiganisms does not rule out the possibilitv that disease w is initiated 
hj infection with them The inalnlitv to demonstrate pleuiopneumonia like oi 
oSmsms maj he due to the iiiadec|uacv of the piesent culture methods This 
failure to cultuie organisms inav also panlicl the findings in 6 momhfotmis 
infertions in which in the later stages of the disease it mav be impossible to 
rccovci the or^janism although clinical activitv persists These speculations 
would explain the freciueiitlv noted luck of coiiclation between clinical and 
lal)oratoi*j findings 

In three of the foui patients with uonspccific urethntis pleuiopneumonia 
like oiganisms could not be demonstiated in repeated cultmes prior to auieo 
iRvem therapv One patient was treated foi an attack of tluee mouths dura 
tion which had not impioved under pemcilliii theiapv One giam of aurcomv cm 
was given dailj foi seven davs The patient was asvmptomatic on the last dav 
of tieatment Buiniiir, on uianation recurred two weeLs after cessation of 
therapv and four weeks after discontinuation of luieomvcm morning dischaipO 
was again piesent -V second course ot aurcomvcin was given consisting of 1 
m dailj foi five davs and 20 (m claih for tluec weeks Tlic discharge 
ceased aftei five davs of theiapv buiaiiUe, dimnusiied during treUnicnt ind 
cleared eomplctelj a few da>s after cessation of theiapv The patient has le 
mauicd asjmptomatic during a five week follow up period A second patient 


*IUJ> 


Wc are InUebiea to the Lelerlc Laboratories for part ot the aureom>cln used In this 
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became asymptomatic tollowing foity-eight houis of tieatment (10 Gm pei 
day foi seven days), but mild burning on uunation de\eloped one week attei 
aureom^ cm bad been discontinued This patient lias not been le tieated Tiie 
thud patient piesented a two-jeai liistoij of luetliiitis Binning and uietbuil 
disehaige weie piesent at the onset ot the disease After tliiee moiitlis o£ tlie 
illness the disehaige cleaied spontaneous!}, but binning and fiequenci of mum 
tion peisisted with the giadiial development of aithialgia, myalgia, and fatigue 
Aiiieora}cin theiapy (0 5 Gm jiei day foi foui weeks, 10 Gm per dav foi 
ten dais) appeared ineffective Howevei, when the dose of aiiieomycm i\as 
iiieieased to 2 0 Gm pei day sti iking impiovenient was noted Aftei the patient 
had been on this laigei dosage foi thiee weeks, he noted foi the fist time m 
two }eais absence of binning on niination and ivas completely fiee of myalgia, 
joint pain, and fatigue Tieatment ivas continued toi a total of ten weeks 
Theie was no lecuiience of symptoms Theie has been inadequate time foi 
follow-up studies 

Twentv-five patients lepiesenting a vaiiet}’’ ot ilieumatic diseases (ilieiima 
told aithiitis, Maiie-Stiumpell spondylitis, iheiimatie fey'ei, eijtliema nodosum) 
liaie been tieated with aiiieoiiiymin (Tables I and II) Cultuies fiom the 
ceiyi\ and piostatie secietions yielded pleiiiopneumonia like oiganisnis m eight 
ot these patients Cultiues weie negatwe foi L oiganisnis in seyeiiteen patients 

Subjeetne and ohjeetne impioyement yvas obseived m seyeiiteen of these 
tw'enty-fiye patients Tyvo (Patients R H and E V) were symptomatically 
impioyed One case of ilieiiniatie feyei (Patient J T ) could not be eyaluatei 
because salievlates weie giyen simnltaneoiisly Tyvo patients yvith Mane 
Stiumpell spondylitis (Patients D T and L A slioived no demonstiable mi 
piovement aftei five and eight yveeks of tieatment One indmdual with -i aiic 
Stiumpell spondylitis and peiipheral joint involvement (Patient J B) evpe- 
iienced tempoiaiy niaiked symptomatic impiovenient folloyved b} an acue 

Tvble it Effect of Aureomyciv TiiEriPY on RiiEOvnTic Fever and Efitiieva Npm> 
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CMCeibation of the disease T«o peisons (Patients F W and J 1 ) with 
ilienmatoid aitlmtis did not impioie It niai be of significance (Table I) that 
tile aurcomjcin blood seiiim Ie%eli> neic miifoinih Ion in those patients in 
nliom little oi no clinical impro\ enieiit nas noted 

The relation between dosage of auieoiincm auieonijcm blood seium leiels 
tenipoiaij oi peimanent elimination of h oigaiiisms and clinical resiionse will 
lequiie fuitliei stiidj Disappeannee of L oiganisms in the patients with 
positiie ciiltiues was more lapid than the clinical iniiiioiemeut noted in any 
single case with the dosage of anieomieiii and the loiite of admiiiistiation em 
plojed In one case of enthema nodosum as little as 0 25 Gm of aiiieom 3 cin 
dailj was all tliat was iieeessaii to eliminate jilcniopiieiinionia like oiganisms 
fiom the cer\i\ In this case 10 (bn pel dai of the antibiotic was required 
to pioducc a faioiable clinical lesjionse One jiatient in whom L oiganisms 
disappeaied piomptli failed to show clmieal lespoiise The patients with nega 
tire eultiiies ioi L oioanisms responded as well as those fiom whom the organ 
isms could be lecoiered 

There was an initial esacerb ition of the illness in a number of cases of 
iheumatoid aitlintis and Alanc Stiumpell spondihtis comparable with that fie 
quenth obsened b) us in rheumatoid aitliiitis floated with gold This o\acer 
hation of muscle and joint simptoms laricd in inteiisitj and diuation, but uni 
foimh disappeaied under continued therapi Two patients who had fetoi 
piioi to tlieiapi dec eloped an initial tiansieiit additional use in tempeiatiuo 
on 2 0 Gm of auieomsein daih The tbiee othei febiilo patients in the rheu 
iiiafie foiorerjtiioina nodosum group in iiliom auieomjcin did not exceed 10 
Gm pel dn did not have this additional tebnie lesponse 

It was obseived eaih in the course of this studv that some patients who 
failed to impiove on 1 Gm of aurcomvciii daiU lesiionded favoialilj when the 
dosage was mcieased to 2 0 f in pel clav Tlierefoie the 2 Cm dose was 
selected whenevei the patient could toleiate tins amoiuit In most patients im 
Piovemeiit was noted one to four weeks after initiation of therapj and con 
tmued 111 a manner oompaiable to that observed viitli successful gold tlierapj 
of rheumatoid aitliiitis The high incidence of favorable lespoiise to auieomjcin 
suggested an effect whicli w is moie than a coineidental findin„ Aureomveiii 
tlierapv maj not be suitable in cases of ilienmatic fever because of the initial 
evaceibation of sviiiptoms noted Smaller initial doses tlian those emplojed in 
the present studv iiiav eliminate this exiceibation 

Kiizell' has lepoitcd that the effect of aiueoiiivciii w is similar to that of 
nold 111 the coiitiol of i it artbiitis exjieiinitnt illv iiiodiiccd with the h, strain 
Brown'” has noted tlic effect of auicoravcin in liumuii beings with rheumatic 
diseases It would appeal that auicomvcin and undoubtecllv otlici antibiotics 
with a siimlai effect on L oi^inisiiis iiiav assume an essential lole m the under 
staiidiii„ of tilt ulatioiisliip of plciiiopiieiimonia lil c oroinisnis to ilieumatie 
diseases Preliniinarv studies iiidieite that the efteet of cliloioiin cetin mav be 
eoiiiparable to that of aincomvcin In one female iiatieiit witli severe pro 
niessivL iheumatoid artliritis lepcatcil ceivie il cultiiies were done before and 
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aftei admimstiation of 1 0 6m of cliloiomyeetiu daily Piompt elimination of 
L oiganisms Avas achieved Tlieie was au exaceibatiou of sjmptonis followed 
by lapid ma 30 i clinical impiovement within thiee weeks 

SUMMAItY 

1 Oial admimstiation of anieomycin has pioduced unifoim disappeaianeo 
of demonstiable pleuiopneiimonia-like oiganisms fiom the genitouimary tract 
of individuals ivith and ivithout joint disease L oiganisms weie not eliminated 
by gold theiapv 

2 Elimination of L organisms by auieomycin oi by other antibiotics pio 
ducing a similai effect may'' be of impoitance in the nuclei standing of the possible 
1 elatiouslup of pleuiopneiimonia-like oiganisms to aitieular diseases 

3 The effect of auieomycin theiapy in twenty -five cases of iheumatic dis 
ease has been lepoited 

4 The ultimate value of auieomycin in the tieatment of iheumatic diseases 
must aivait piolonged clmieal tiial and follow-up study 

We are indebted to Di W D Jarman for permitting the use of lus case m tins study 
(one case of nonspecific urethritis) 
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SONIC VIBRATLD LEPTOSPIRAC AS \NTI&LNS IN IHE 
COJIPLEMENT FIX.VTION TEST FOB THE DIAGNOSIS 
OF LEPTOSPIROSIS 

Rv\mo'I1) Rvndill DVM * Psvchp W Wetmoke BA, and 
Albert R Warner Jr 
Washington, D C 

I T IS recognized that in the majoiiU of cases of human and animal lepto 
spirosis a diagnosis cannot be made witliout lecourse to one oi more labora 
tory piocLduies 

Leptospiiae can be demonstrated by daik field inicioscopic esammation of 
the blood during the septicemic stage of the disease tvhicli usually lasts for 
set ell days Also at this time inoculation of toiuig liamsters with nliole blood 
fioni patients infected nitli Leptospira icterohaemoi iliagiac and Lept canicola 
geiicnllj results in a fatal leptospiiosis in the test animal * The leptospiiae 
disappear from the patient s blood stieain duiing the second week and then 
appear in the urine Agglutinins li sms and complement fixing antibodies 
usually begm to appeal iii the patient s scium towaid the end of the flist week 
and aie present ni leadilj measurable amounts about the twelfth to fourteenth 
daj after the onset of illness The maximum titci is reached withm three to 
foil! weeks and in most mslanccs antibodies aie detectable for several months 
to jeais 

The tests most fie<iuentU used for the demonstration of antibodies in the 
patient s seiuni aie the macioscopic' and micioseopic agglutination^ and agglii 
tuiatioii Ijsis tests ‘ These piocoduies lequiie peisoiiiiel piopeily tiained in the 
tochiiiqiies and necessitate the maintenance of suitable cultuies of leptospirae 
Poi this leasoii their use is limited to only a few laboratories 

Because a simple and leliable diagnostic test foi leptospiiosis was not 
aiailable a study was undertaken to detelop an antigen foi use m a comple 
nieiit fixation test that could be performed in any laboratoiy conducting the 
Ilasseimann oi similar complement fixation tests In the past, the complement 
fixation test foi the diagnosis of leptospirosis has loceived little attention ap 
inieutly because of the difficulty of pieparuig suitable antigens Pot and 
Boniicl and Bocriiei md I likens” lia\ e reported on tw o different methods 
of pieparmg antigens for use in the coniplemeiit fixation test foi the diagnosis 
of Weils disease Howeici Boigcn' concludes that the laci of aoieemcnt 
between the agglutination leictions and the complement fixation test is due 
to soiiicos of erioi in technique oi to unstable oi niefficioiit antigens Where 
we utilized antigens piepaied by picsent axailable methods oui lesults also 
hate been uiisatisfactoit Theiefoie experiments weie undertaken to produce 
a suitable -uiti„en and it was found that leptospine iiiptured b\ sonic tibiatioii 
yielded an antigen of consideiable speeifieity and sensitititt 

Prom the \f‘tcrin'iry Dl\i Ion \rm> ^Icdlcal Dep rlment He i.aich mil Grmluate School 
Meaical Comer a hington I*' D C 
ReccUol for publication Julj 23 1040 
Colonel Director of the \ clerinar> Division \MDH&.GS 
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RANDALL., WETAIOSE, AND W\RNER, JR 


AIATERULS AND METHODS 

Piepaiation of Antigen — Altliougli there die sixteen scrologicill) recognized siieau 
of leptospira, only two, Lept icfeto?iaeiiioii?i«i(iae vnd Lcpt canicola, ire known to mfcA 
human beings and dogs in the United States, tliereforc, intigons were prepited from tlitec 
two species Antigens were prepared fioiii strains ot Lept icterohaemonhagiae mil Ltpl 
canicola isolated m this laboiitoij fioiii joung hamsters inoculated with whole blood from 
natm illj infected dogs i Erlennieyei flasks of 250 ml (.apacitj containing 50 nA amounts 
ot Stuait’s niediuraa weie inoculated with i 0 ml of a Idiv old culture of leptosiiira and 
incubated at 20 to J0° C for six days At the end of this period 0 05 ml of fonmlmni 
added to each flask ind the cultuics wcie held it to 10" C foi in ulditionil tnenti four 
hours The killed cultures were tiansfcircd in 50 nil amounts to plastic tubes and lentn 
fuged at 17,000 i p m foi fifteen minutes in an Inteni itional Model PE 1 refngerited lentri 
fuge m untamed it 0 to 3° C The supernatant fluid was decanted and tin packed lepto 
spirae were collected ind washed three times with 0 So per cent siline solution buffered at 
pH 7 0 The washed oiganisms weie then lesuspended m buffered sabne solution to oneteutli 
of the original volume of the culture medium Twentj milliliter iliquots of the couientnteii 
suspension of the lepitospir le weie exposed to sonic \ibration at 0,100 c)cle» per ceoml 
for ten minutes in a w iter cooled Rijtheon Txpe R 22 i uuguetostnction oscillator uijin 
tuned at 100 lolts The maten il was then pooled and Alerthiolate added to 1 1,000 final 
concentration to constitute the species speeifie stock antigen^ Vntigens refrigerated at 4 t 
have remained stable and specific foi at least six mouths 

Complement Fixation Tests — The complement fix ition technique u-cil at the Vrnii 
Medical Department Reseaich and Gi uluatc bcliool is emplojed 

Complement Titrations — The 1 20 dilution of complement is titiated to determine (lie 
unit and two full units contained in i 0 5 ml volume aie used for the test (For 
if hemolysis w just complete in the tube containing 0 If ml of complement, then 
13 taken as the unit ) 

Antigen Titiaiions — Titiations hue shown the optimum dilution of the stock 
to be 1 15, with the unit ranging fiom 0 02 to 0 05 ml of this dilution Three e\ac 
of antigen contained m a 0 25 ml volume ire emplojed 

Inactivation of Seia — Human sera aie inactivated it 50° C for twentv 
and rabbit sera at 02 to 03° C for fortv minutes in a dilution of 1 1 In t le rou 

0 25 ml of twofold dilutions, from 1 1 thiough 1 32 and in a qumtititive tis 

1 1,280, of the inactivated seiuni is used j 

The Test — ^To 0 25 ml amounts of the sei i dilutions three units of strfien 

full units of complement ire added The tubes aie refugerated at 4 to twinO 

to eighteen hours On removal, the tubes are left at room temper iture or of 

minutes and 0 5 ml of sensitized cells consisting of 0 25 ml of a 3 pei le" 
sbeep cells and 0 25 ml of amboceptoi containing thiec units is ad c 
incubated at 38° C for thirty minutes in the water bith and the test is real 
Controls — The usual henioljtic and positive and negative control sera 


RESULTS 

Paiallel complement fixation and micioscopic aggludn^thEi geium 

on tluee groups of human seia Group I consisted ot pioctr*'^'’ 

specimens submitted to this laboratoiy fioni a wide xaiietj" o n 
other than pioved cases of AVeil’s disease Gioup II 
sypliihtic patients giving positive Wasseimanu leactions ^ the i-aifi^*'"' 
seia fiom t\\ eiitj -one pioved eases of Weil’s disease 
specimens in Gioup I weie eithei complement-fixing oi floo 
against eithei leptospiia antigen detected 
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iVll of the ten positive AVasseimaim seia of Gioup II lil ewise failed to 
react Mith leptospiia antigens in eithci tv pc of test 

On the other hand, definite antibodv responses vveie elicited m all of tlie 
sera of patients diagnosed as having AVcil s disease (Gioup III) Two examples 
are shown in Table I 


Table L The Occubrevcb of Cosiilcmext Fixation vnd Agolutin vtiov antibodv in 
T wo CvsEs OP UuiivN Leptospirosis 




1 TlTEn OP eOMPLFilENT 

TITER OP MICROSCOPIC 



1 FIXVTIOX TEST 1 

VCGLUTIVVTION TEST 



1 

I LI T ICl Lro 1 

1 

LEPT ICTEl 0 


DVSS SINCE 

LEPT 

IIAEMOr 

LEPT 

IIAEMOR 

HEKUMIROM 

ONSET OF 

CVMCOI V 1 

unvoivc 1 

CVNICOLV j 

RH \CI\E 

evsE 1 

1 DISEASE 1 

ANTIGEN I 

VNTIGEN ( 

VNTIGEN 1 

, ANTIGEN 

1 

0 

1 8 

1 8 

0 

0 

1 

28 

1 12s 

1 128 

1 10 000 

1 1 000 


6 

1 1(5 

1 10 

0 

0 


17 

1 32 

1 32 

1 10 

1 300 


42 

1 G4 

1 128 

1 100 

1 1 000 


Case 1 was a patient whose first svmptoms of illness were general malaise, 
headache, conjunctival injection and pviexia Five dajs after onset, the scrum 
showed a complement fixation titei ot 1 8 a 5 .ainst both Lept canxcola and Lept 
xcUrohaemox rhagxae antigens Another specimen of seium obtained on the 
twent} eighth daj of illness showed a use in complement fixation titer to 1 128 
agamst both antioens The micio^copic agghnination test on the first specimen 
was negative while the second specimen leacted with Lept caxncola and Lept 
^ctex ohcicxnox rliagxae antigens at 1 10 000 and 1 1 000 dilutions lespectivelv 

Case 2 was that ot an attendant in a small animal hospital who developed 
oCiieral malaise dulls and fevei His scrum fixed complement with both lep 
tospira antigens at a dilution of 1 16 on the sixth daj of repoited illness Bj 
the seventeenth daj the titer against both antigens had iisen to 1 64 and on the 
fortj second daj the complement fixation titci against Lept canxcola was 1 64 
aiul that against Lept xcterohaemonhagiae 1 128 Parallel studies with the 
microscopic aool'^itiuation technique showed neg itive lesults on the fiist specimen 
of seiuiii while the second reacted with Lept canxcola at 1 10 and Lept tetcro 
Imcmorrhagxae at 1 300 The third seiiini specimen had a positive agglutina 
tioii titei of 1 100 foi Lept caxiicola and 1 1 000 for Lept xetex ohaemorrhagxae 
These obseivations suggest that aiitibodj foimation in leptospuosis maj be 
thtectable bj the complement fixation test befoic it is demonstiable bj the 
microscopic agglutination test 

Nineteen of the seia in Group III fiom human cases of leptospuosis occur 
m the Par Last weie obtained tluouji the couitcsj of Dr Picne Lepme 
of the Pasteiu Institute These cases had been diagnosed at point of oiioUi bj 
mse of the Toglutinatioii lysis test Unfoitunatelj seiial specimens weie not 
obtained for compaiative studies but the positive findin„s obtained on siiiole 
specimens shown in Table II were in accoid with the comparative lesults 
of the complement fixation and iiucioscopic deolutination tests noted in Table 



EXPEEniENTAL VASCULAR DISEASES DUE TO DESOXYCORTICO 
STERONE ACETATE AND ANTERIOR PITUITARY EXTRACT 

I Comparison of PuNcnoxvL Changes 

Georges M C SLvsson, Ph D , A C Corcoran, MD , and Irvine H Pige, 31 D 

Clevelvnd, Ohio 

TNJECTIONS ot ciucle anteiioi pitiutaiy piepaiations elicit in lats mor 
phologie and physiologic changes similai to those caused by desoweoi ticos 
teione acetate (Selye, 1944) Hence Selye (1944) has suggested that the 
pathogenesis o± hypei tension, nejihioscleiosis, peiiaiteiitis nodosa, and cer 
tain niyoeaidial lesions can best be evplained on the basis of intuitaiy adienai 
activities The postulated chain of events would be stiess anteiior 
pitiiitaiy (ACTH) adienal cortex (desoxyeoiticostei one like compoinuh) 
— > kidney, blood vessels, heait The posited identification of the effects of 
anteiioi pitiiitaiy piepaiations ivitli those of desoxyeoiticostei one acetate 
is lacking in detail Thus hypei tension was estimated eitliei fiom head 
weight (Selye and Stone, 1946) oi fioni single diiect nieasui enients of caiotul 
aiteiial piessme (Dontigny, Hay, Pi ado, and Selye, 1948) 

As pait of a nioie definitive compaiison, the piesent lepoit embodies a 
siiivey of the functional effects of anteiioi pitiiitaiy piepaiations and deso\) 
coiticosteione acetate aceoinplished by seual iiieasiiiements of aiteiial pies 
suie and watei diuiesis in gionps of animals tieated with these substances 
singly 01 111 combination Diuiesis as well as blood piessiue was a major 
ciiteiion in the coiiipaiison because of the well-known dnuetic effect ot 
desoxycoiticosterone Oigan weights also weie measuied and compaied 


I EFFECTS OF CRUDE ANTERIOR PITUITARY PREPARATION AND 
DESOXYCORTICOSTERONE ACETATE 

Expenmental — 

Spiague Daiilej female albino rats acre fed a liigli protein diet ((5 per lent 
fox chow plus 25 per cent casein) and giien 1 per cent saline solution is drin 
Further “sensitization” (Selye, Stone, Nielsen, and Leblond, 19-15) to the hormo^ 
effected b\ unilateral nephrectomy Rats weie divided into four groups Group 
as control, Group II leceivtd 2 5 rag of desoxj corticosterone acetite (DOGA) a 
m, 30 mg of a suspension of anterior pituitarj powder (APP) , Group ; * .nntirilr 
treatment of DOCA and APP at the sime dosage levels as iii Groups II -md 
Group lA’’ w IS added lu order to see whether the two hormonal prep iratious 
ditivelj or syneigisticallj eeatuucier 

The steroid was suspended m water in a concentr ition of 10 nig per c pj^jed >“ 
The anterior pituitarv powdei, prepared bj Ijophilization of cattle gliuds, " of 

a concentr ition of 50 mg per cubic centimeter in 1 per cent saline contaimUo 

1 the Fr-mK & 

From the Research Division of the Cleveland Clinic Foundation anu 
Educational Institute States Fulihc 
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alcokol and filtered tlirough gauze The solution x^as kept in the icebo\ and made up uceklj 
Injections uere begun immediatelj after umUteril nephrectomj The animals nere placed 
m metabolism cages in order to measure diuresis 

Blood presauro waa measured by the plethjsmogrtiphic method of ^Villiams, Harrison, 
and Grollmdn (1939) as modified b> Ivempf and Page (l94d) Each value recorded is an 
aicrngo of two to tlirce do o consecutive rtadmgs Reproducible results are obtained in 
nonanesthetized rats under the following conditions (1) Vnimals arc kept con tantlj at 
a temperature of about 30 C (2) nt the time of the determination each rat is placed 
m a constant temperature (40 C) box for a period of three minutes and (3) the tail is 


DIURESIS 



K3 30 50 TO 


DAYS 

Control*— Aifartorptfurtory— DOCA 

1 — Effect of dC8ox>cortlCQ8tcrone acetate and anterior pltultarj preparations on urine 
formation 


coinpre<.sed and emptied of blood m the plcth\>;niograph just prior to increasing pressure in 
JiQ air cutr Irom repeated ob'^enrationa on 132 mts blood prcs'»ure was found to varj from 
<0 to 130 mm Hg (aicrigo 99) with «S per cent of the animals m the 90 to 110 mm Hg 
^oge ^onio of these measuremouta wire cotupared with those of m clCLtricall) recording 
Plethj mograph (Olmsted Conoran GH sir aul Page 1948) from time to time ns a fiirtlicr 
check 


Unless DihcrwJKO staled anwwals nen saenficod oa tho siatj /Jrst daj and autopsied 
cart kidney ovaries, and adrenals were weighed and seetioned for lustologic studies after 
xation m Zenker s solution These detailed histologic ob'^eriations will be tho uiijoct of 
Another paper 


IfcsuUs — 

Ol)sci\ationb sumuiaii7cd in Pif;s 1 and 2 and m Talilc I aie "Werages of 
'•"0 S(,i 2 a 5 of expeisimnts in nhicli the jiicaii imdai bocl\ neiglitti of tiie rats «oic 
respectucK 103 and 219 gidins. Results wcic tho same u\ tho tuo senob, so 
"'ot tlict aic repotted jomth 'Weights ot hcait and adicnals aie expiesscd 
in niil)j(,ia„i 4 jqO grams of hath ueiglit and hidnej wci 5 ,ii(s in niiliigrains 
per 100 sii cm o£ hod\ sniface The bod^ suifacc was calculated accoidiiig to 
ll'e £qi imih S A = M t 0 GG x 11 23 
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Tabie I Effects op Desoaycorticosterone Acetate (DOCA) and AATEtuor PiiraxABT 
Preparation (APP) Alone or in Combination 


GROUP 

NUMBER ! 
OF rats ‘ 

MEAN BODY 
■WEIGHT 
CHANGES 

HEART 

(mg/IOOgm 

BODY WEIGHT) 

ADRENALS 
(MG /lOO OM 
BODY WEIGHT) 

RIDNEl 
(3IG/100 CM 
B0U\ SUPIACI) 

I, Control 



310 (270 370) 

27 (23 30) 

3rt (2Sb 343) 

11, DOCA 



425 (380 480) 

30 (21 37) 

513 {42Ga73) 

III, APP 



402 (250 540) 

77 (40 99) 

515 (32Sb<3) 

DOCA + APP 



505 (352 608) 

64 (38 83) 

587 (318 CS3) 


Gtowtli As seen fioni Table I, all animals gained weight except those of 
Gioiip IV which leceived combined tieatment with DOCA and APP In this 
gioup, weight loss was noticetable fiom the beginning of the expeiiment, the 
lats became shabby and asthenic, lost inteiest in food, and began to die aiound 
the twentj''-fiist day, so that this expeiiment had to be teiniinated on the tiseiiti 
ninth day This effect is sin prising because DOCA alone pioduced a slight 
inhibition and APP a stiimilatioii of growth Piesvunably as a result of anti 
hormone formation, the giowtli hormone effect of APP was innch more eiident 
aiound the twenty -fifth day than on the sixty-fiist day 

Diui esis Bach pomt on the ciiives of Fig 1 lepiesents an average of 
collections diiiing a period of five days, so that individual vaiiations aie 
eliminated and the drives acciiiately poitiay the tiend in each gioiip ^ 
inciease in diuiesis m Gioup II (DOCA) appeals veiy eaily an 
maximum aiound the thirty -fifth day'- There is no differ ence m luiesis 
tween control and APP groups, urine formation in both ^ ^ 

legulaily duimg thiity-five days and then levels off It is 
that maximum diuiesis is i cached at the same time as in the 
Quantitatively, the cruve of Gionp II contiasts markedly with t ose o 
I and III 


Blood P> essui e Mean blood pressures with 
I, II, and in are represented graphically m PiS 2 Blood 
controls was stable during the fii'st six days, after whicr t le len 
and slightly" upward The DOCA group showed a de in e i ^ 
after the tenth day' which reached a maximum at about e 
at which level it peisisted It is to be noted that all ^ moie u 

became hypertensive In the APP gionp, the shape o le j(. ,ieier 

legnlai, because of the small piopoitioir of ^ jg out of 

leaehed values as high as in the preceding gioup On x inu theses""*’’ 

two in Gioup III had pi essui es higher than 150 ram ®’ jjg lespeeti'cb 
the two most hypertensive showed piessnies of 190 anc ^ je 

These last two rats died on the fortieth day", this aceoim ggyrg,, in sowe 

ciease in piessuie mean aftei this time In t ns ^ntli "bat o'- 

animals weie always within the noimal lange i^s 

cm led in the DOCA gionp n IV 

We have not graphed heie the blood piessrues o lOW the 

APP) because this experiment teimiiiated on the non jjjoo 

cmve did not diffei significantly fiom that of Group 
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piessuies weie day 0, 93 mm Hg, day 6, 115, daj 12, 140, dav 17, 147, an! 
day 29, 161 Thus the combined treatment liad no moie eftect on blood piessure 
than DOCA alone 

Ot (jan eights Heait iveight ivas gieatei in all e\peiimeiital gioiips tbu 
in the eontiols, but did not have any coiibistent lelatioiiship to blood pses 
suie levels, Thus mean heait weights in Gionps II and III weie the same, a) 
though the teiniinal blood piessuie aveiages weie, lespeetiveh, 190 ami 12] 
mm Hg Siunlaily, kidneys weie heaviei in the expeiiniental than Jii the 
contiol gionps, although giowth hoinione was adraimsteied to Gioup Hi 
only Adienal weights weie inci eased in Gionps III and IV but unchanged 
in Gioup 11 The absence of atiophy in Gioup II was piobably due to the 
low dose of DOCA admimsteied The adienal stnniilation in Gioup Ilf is 
consistent with a i elationship between adi enocoi tical activiti and high blood 
piessiiie, indeed, it was noticed that the animals pieseiitmg the most In per 
tension weie those with the heaviest adienals Howeiei, elosei examination 
of these glands fiequently levealed hemoiihages andneciosis 

Suinmat y — 

Fiom these expeiiments we see (1) mth legaid to blood piessiue, that 
the effects of DOCA and APP cliff ei significantly m that hjpei tension is more 
seveie and much iiioie consistent with DOCA than with APP, (2) conceuimg 
diuiesis, the expected nieiease is obseived with DOGA, adnnmstiatiou of AP 
does not ha\e this effect, (3) that combined tieatment with APP and DO ^ 
has no additive oi syiieigistic effect and is in fact lapidly lethal Fioni 1 1^ 
it seems that the mechanisms of the action of DOCA and APP aie basica ^ 
diffeient Howevei, hefoie concluding, the eftects of APP mvist he examine 
in moi e detail 

n EFFECTS OF P VRTIALLY PURIFIED VXTFRIOR PITUITARY EXTB \CT 

AVith APP, the maximum use in mean blood piessiue was obtained aiou 
the twentv-fifth to the foitieth day and was followed hi a decline 
ceitain degiee of lesistanee and adaptation occiiiied, eiideiiced by 
in body giowth and ovaiian weight, toxvaid the end of the expeinnen 
foie, it seemed possible that the effects of APP might have been 
action of antihoimones To evaluate this possibility, the pitu 

was devised in ivhich lats weie given piogiessively mei easing 
itaiy hoimones 

Expeiiniental— mm ) 

Female albmo rats ^^e^glung between 106 ami 138 grims six 

fed a high protein, high sodium diet and were partiallj ji rctwri'l 

were divided equallj into three groups Gioup I served as contro , afl 

cutaneouslj the suspension of anterior pituitarj powder (APP), jo ted t!i>- 1"P'’ 

kaline anterior pituitari extract (APE) This list group was aiWe m 
tensive properties of a partiallj purified anterior pituitarj extrac , sim 
(Hay and Seguin, 1946) that such preparations cause less kidncj inlerw’' P“’“ 

This extract was prepared by bringing a water suspension o ' C, iI 

itarj powder to pH 9 wath dilute NaOH The mixture stood over „ 
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centrifuged the precipitnte discarded and the pH of the supernatant adjusted to 7 with 
dilute acetic acid The volume of this solution uas adjusted “^o that 1 cc contained the 
equivalent of SO mg of the drj powder 

Vnimals of Groups II and III received during the first thirteen dajs a dnilj dose of 
‘’0 mg of ponder or its equivalent in extract m tno injections the dose nus raised to 40 
mg or equivalent until the tneutv third da> and to 60 mg until the fiftieth daj of the ex 
pennient at nhich time the animals were sarnfited and autopsied 

Results — 

Effects on blood piessuie aie summauzed in Pig 3 In the contiol gionp 
again the blood piessuie had a tondenev to inciease slightly during the 
thiiteeu days and then to remain lelatively stationai> This confiims the 
obseivation of Gi oilman (1946) who noticed a use in blood piessuie following 
innlateial nephiectoniv and adimmstiation of NaCI The blood piessuie 
Clines of Gioups II and III do not diffei sigmficantlj as in the foimei senes 
^\ith APP the piessuie lose lapidly duimg the fiist fifteen to twentj da>s 
then tended to level off In contiost to om foimei senes with APP, all of 
the animals shoA\ed some inciease in piessuie althougli manj were no lughei 
than in the contiol gioup Theie weie few animals with piessiues highei than 
150 mm Hg, of these theic weie two rats in Gioup II (154 and 176 mm Hg) 
and three lats in Gioup III (150 185 and 186 mm Hg) 

Organ -weights aie summanzed ni Table II In accoulance avitb the hj 
pothcsis that autihoimone actmtv might be oseitome by inci easing doses of 
hormones, a sustained stimulation of bodv growth pcisisted to the end of the 
e\penment with no difference between Gioups 11 and III Ileait weights 
were not significantly diffeient in the three groups ludncjs weie hea-viest in 
Group II and hea-viei in Gioup III than in Gioup 1 Stimul ition of adrenal 
^,iowth occuiicd only in Gioup II 


T\DLE II COMIAJLVTIVE EFFECTS OF CnODE ( VPP) \ND P VRTIALm PuaiFIED (APE) 
ANTERIOR PiTl IT\R\ PRBI VKATION 


ORom 

BOD\ 

IMTIAI 

WEIGHT 
} FINAL 

HEART 
(UG /lOO Q-M 
BOD\ WEirilT) 

AURENALS | 

(no/loOGM 
ROD\ WEIGHT) 

KID'lEX 
(UQ /lOO Cif 
BOD\ SURFVCF) 

I (Joutrol 

127 

183 

320 

23 

200 


(120 136) 

(155 22o) 

(284 405) 

(20 26) 

(202 358) 

rr VPP 

123 

237 

330 

33 

456 


(106 138) 

(228 245) 

(289 433) 

(26 46) 

(393 671) 

III VPE 

124 

230 

346 

25 

384 


(118 laS) 

(210 280) 

(312 428) 

(18 40) 

(297 665) 


The lack of adienal stnnulatioii in Gioup III (APF) can be explained 
Pirtlj hy the remo\al of impunties fiom the ongmal powdei which would 
act IS nonspecific damaging agents ni Gioup 11 The difteience in the con 
lent in impuiities between APP and APE was exident at autopsy ibscesses 
lu subcutaiuous tissues wcie pieseiit onlj in APP tieated i its ruithei, the 
relatuelj low content iii adrenocoiticotiophiii of lieef pitiutai’j is -ivell known 
The compaiatne adienal weights and blood picssiues in Gioups II and HI 
show u deal dissociation of these functions ruithmnoic inci eased adienal 
wcit,ht docs not imph mcieascd function since the adicnals weighing moie 
thanlOOing -werexen often hemoiih igic oi ncciotic 



rig 3 Eltect o£ ciudQ and partlaUj purified anterior pitiiltarj prepaiations on blood picbbuio 
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Summai y — 

These ficts tiemonstiate a lack of lelationship between adieuil gio^\th 
and blood piessme le^el ^\Illch contiasts Avith obsenations m animals gneii 
crude ^VPP It follo^\s that the effects on blood piessuie of APP may not be 
wholly the lesult of adienal stimulation Rathei 'svith ciude APP the changes 
111 blood pressure and adiemls although concuiient maj be umelated 

DISCUSSION 

Hypei tension follo^ving DOCA tieatment has been obsei\ed in lats 
(Selye, Hall, and Powlev 1943 Gieen 1948, Piiedman, Polley and Fiied 
man, 1948) AVluIe Kuowlton and cowoikeis (1946) ha%e lepoited noimal 
blood piessure in lats tiealed foi ten weelcs with 2 5 mg of DOGA dail;> and 
given 02 per cent saline solution as dunking watei, tins appaieiit inactnity 
can be attiibuted to an insuffieient supply of sodium In oui expeiiments 
the same amount of DOGA plus 1 per cent saline solution umfoianlj pioduced 
se\eie hj pel tension within a peuod of thiee weeks Actually, the amount of 
DOGA utilized was less than 2 ^ mg foi at lutopsj small deposits of ciystal 
line mateual weie still Msible at the siUs of injections Hjpeitension can 
theiefoie be elicited by DOGA as long as the amm ils aie gnen a high sodium 
diet 

Injections of anterioi pituitaij piepaiations stimulate phjsiologic body 
and oigau giowth when gnen iii conjunction with a iioiiiial diet (Selye and 
associates 1945), howevei pathologic changes (hj alimzation and enlarge 
ment of glomeraili hj aline casts artciiolonccrosis) occur if the animals are 
paitiall) ncpliiectomized and maintnmod on a high pioteni and sodium diet 
(Selye, 1944) The latter changes aic accompanied b> a use in blood piessure 
which in oui experience seldom leaclies the Icctls obtained following DOGA 
tieatment, experimental peiniepliiitis (Pige 1939), compiession of the lenal 
arteiy (AViIsoii and Byiom 1941) oi paitial itnal infarction (Loomis 1946) 
Seieie pathologic changes and hj pci tension aic seen onl> m some of the ex 
penmeiital animals e^en though large doses aie gnen to all This is not in 
accoid With the knowi dose lesponses of eithei steioid oi pioteiii hoimones 
rile question aiises Aie the pathologic effects of anterior pituitary hoi 
moiies tiulj hoimoiial oi do they lepiesent npnspccific effects of foieign pro 
tcins or some combination of these actions^ 

Selje (1944) postulated fiom obsei\ations ni lats that autenoi pitii 
itary piepaiations act thiough the ndienals b^ leleasing DOGA hke com 
pounds Howeaci, a aaiietx of olsei\ations made in lats tends to negate this 
(1) Recent studies indicate that it is the zona glomeiulosa and not the 
coitex IS a uhole wlzieh stipphes the body with HOC 4 hke compounds 
(Sanson 1943, Gieep and Peane 1947) (2) The zona glomenilosa does not 

itiophy follownit, h-vpophjseetomj (Smith 1930) (3) The activity of the 

{jloineiulosa depends ni pait at least on the Na/Iv latio of the blood (DLanc 
Shiw, Hid Greep 1948 Ahchols 1948) (4) Vnteiioi pituitary piepaiations 

ond stiess stimulate the innei zone of the adicnocoitex which is considered 
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to be the site of pioduetion of glucoeoiticosteioicls (Swann, 1940, Nichols, 
1948) (5) Theie is no iiioof that glucoeoiticosteioicls have blood piessiire 

laisiiig piopeities in noimal animals (6) Aclieiiocoiticotiophiii and adieiio 
coitical extract tend to deciease blood piessiue m hypeitensne lats (Cor 
coian, 1948) Finally, (7) oui pi esent obsei rations show a lack of smnlaiib 
between DOCA- and APP-iiiduced hypei tension and a dissociation between 
adienal weight and blood piessuie level in lats given APE 


Thus we lecognize and eonfiim but cannot tiilly explain the hypei tension 
caused by DOCA in lats That this may be a leiial hypei tension is suggested 
by its consistent association with lenal lesions We also confiini the fact 
that hvpei tension can be pioduced m lats bj" injections ot APP Hoiieiei, the 
view that this hypei tension is caused by excessive seeietion of DOCA like 
compounds fiom the adienal is not suppoited by oiii data As> to its incch 
anism, we again point to its association with lenal lesions 


The factois which pioduee these lesions aie piobably multiple In the 
lat, conditions such as high piotein diets which gieatly umease the leiial 
functional load can lesult in moiphologic lesions (Blatheiwick and Medial, 
1937) The leiial lesions caused by APP can thus be attubiited to the com 
bined eftect of a diet iicli in piotem and sodium, which places a gieat mm 
tional demand on the kidney, and hoimonal factois which stimulate leiia 
giowth (giowth hoimone, thyiotiophin, possibly a nephiotiophm ) ( 
stone, Nielsen, nad Leblond, 1945, White, Ileinbeckei, and Rolf, ) 
it can be accepted that a cell does not function eftectively duimg mi o i 
fission, it IS deal that these supeiimposed factois will lesiilt in a 
lenai insufficiency And, iiiidei othei conditions of lenal 
as subtotal nephieetomy (Chaiuitin and Ludwig, 

Poo, and Yncn, 1946) oi seium nepluitis (Sniadel and Fan, 19 )) 
tein diets aie known lapidly to piecipitate moiphologic legiession 
mechanism of lenal damage may be the loieign pioteins de^ea 

itaiy piepaiations, since injections ot pioteins aie known to ° 

eiative lenal lesions in lodents (Masugi and Sato, 19^4, Oiei nio, 


SUMMARV AND CONCLUSION'? ^ 

1 Desoxj^coi ticostei one acetate (DOCA) and anteiioi high 

tion (APP) weie tested in unilateially nepliiectomizecl enia e i* 

pi oteiii and a high sodium diet . ^pp had 

2 DOCA (2 5 rag a day) eheited hypei tension in all 

tins eftect in only a i datively small piopoition of f pu'ssuie 

tieatment with DOCA and APP had no nioie effect on W 

DOCA alone , lathei , the animals lapidly sickened and c let gioui>= 

3 DOCA caused seveie diiuesis, while contiol / jmug of tim 
showed only a slight ineiease in iiime foiraation at tie 

peiinient topi'in" 

*We suggest this term as et> niologically preferable to the 
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4 111 iats» treated with cnide APP theie is an association beU\eeu h'vpei 
tension and inci eased adienal weights But these laige adienals aie often 
hemonhagic oi necrotic The i elatioiislup of adrenal ■weight to blood pies 
sure disappeaxs when animals aie tieatcd with a partially purified APP e\ 
tract 

6 The hypothesis that APP hypertension in rati, depends on hypeisecie 
tion of DOCA like compounds thus appeals unlikely 

The authors are indebted to Dr E Henderson of the Sclicnng Corporation, Bloomfield, 
N J, for the desoxj corticosterone acetate used m this study 

The Ijoplulized pituitarj powder was obtained from Desbergers Laboratories, Montreal, 
Canada 

Our thanks also to Miss L Hunter for technical assistance 
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kli'koCtRl&sion or atherosclerotic lesions on clssvtion 
or cholesterol feeding in the cmcic 


I ouis Horlick '\l D * v\D Louis N ILvtz M D 
CiiiciGO III 

D espite the nraltitude of c\peiinienls in «]uch eholesteiol hns been fed 
to unuj species iii oidei to induce atheioscleiosis little is oetually kiioun 
eoneenniig the intunl histoij of the lesions so pioclnced The obsemtions 
leeorded in the hteiatuie aie feu and fiagiiientaiy ’ ’ based on small gioups 
and 111 some nistanees on nidnidual annuals In aieu of the laige aolume of 
work in the field of es-peinnental atheioscleiosis the need foi a standaid 
base line foi conipai ison is impel atia e AVitli this end in a leu u e haa c alreadj 
repoitcd on the lelatioiiship of atheioiuatosis to the amount of eholesteiol 
added to the diet m the ehickeii “ Me demonstrated a scmiquaiititative lela 
tioiiship betueen the pei eeiit of cholesterol in the diet and the duiation of 
feeding on the one hand and the seaeiita of the icsultaiit atheromatosis on the 
othei It avas found that foi coiiceiitiations of dietaiy eholesteiol aboae y_ 
pet eeiit theie aias no iiieiease m the degiee of atheioseleiosis upon piolongmg 
the feeding peiiod fiom ten to fifteen aaeeks Me thercfoie deeided to iiiaesti 
gate the efteets of eessatioii of eholesteiol feeding on the hjpercholesterolemia 
and atheioscIeiosLs lesultnv fiom model ate iieiiods of eholesteiol feeding 

aiETIlODS 

One liuuilrel ami fift> h\c 0 to S'MCkoUl whitt leghorn cockerels were placed on a 
diet of cluck starUr mash enriched uitli 2 ptr cent choli (erol in 20 per cent cotton'ieeil oil 
anti fed ad libitum In our CNperieiice when gi\en for ten uceks this diet produces athero 
sclerosis in loO per cent of cliuks > 

Vftor ten weeks of feeding the sunning cJiole<itorol fed chitl s ucre subdirilcd into 
three groups Tlurt> one chicks continued to receive choksterol for an addition'll fourteen 
Mceks Twentj five uere placed ou a diet of thick st'irter m'l'^h and the third group of 
twenti fi\e received specially prepared uiasht from which the fat and cholesttrol had been 
extracted bj a commercial degrea mg proic Bj this means the f it content of the ni ish 
lias reduced from 4 5 per cent to 0 2 per cent and tlio chohsterol from approMUiatcIy 100 
per cent to 0 Vitamin «supplenKDts and “utro o were added to nuke this diet equivalent 
m caloric value to normal ma-li^ T\ient> ix control ducks wert m untamed on commercial 
chick tarter ma h throUe,hout tin entire ixptrimeutal ponol 

Chicks Mere icnhced at the couclu-ioi of the ton week period of choluiterol feeding 
aul at inferiah of thne to four uuks thtroifter Boc iU’>o of pontaueous deaths iniong tliL 

Prom the Carllovascular D paitment M llcal Research Institute Michael Re sc Hospital 
The department Is supported In part b\ the Mlchucl Rec e Re earch Foun lation 
tided by a grant from the Lif Imuranc Aledical Rc earch Fun 1 
Received for publication Jul) 1319 
Dazian Fellow now In ■Montreal Queb c Canada 
tGencrousl> supi Mod b> Tie \n lour I^boratorle Chicago 111 
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flock, it -nas not possible to adhere to a rigid schedule of sacnficmg However, attempts were 
made to obtain comparable samples from all the groups All birds were autopsied, the organs 
inspected and the hearts and aortas dissected out en bloc, opened, and graded for a\teat ami 
severity of atherosclerosis A sketch of the lesions was made on a speciallj prepared form, 
and they were graded 0 to 4 on the basis of criteria in use in our laboratoryo The thoracic 
and abdominal portions of the aorta were graded separately but have been combuicd in out 
tables for simplicity in presentation Tissues were preserved in formalin Sections wore 
taken from the most severely involved areas m the aorta of each bird, and wherever po'sible 
specimens were taken from both the thoracic and the abdominal aorta Hematoajhn and 
eosin stained specimens and frozen sections stained with Sudan IV were prepared and studied 
Blood was drawn from, the alar vein for cholesterol determination by the method of 
Schoenheimer and Sperry 8 Samples were taken at live and tea weeks after commencement 
of the e\penment, and then at weekly and biweekly inteivals until the conclusion of the 
experiment 


RESULTS 

A Moi phologic Ohsei vattons m the Vanous Ghoups — It seemed a woith 
Avlule pioceduie to discuss the morphology in some detail because (a) tins is 
the longest peiiod of eholesteiol feeding tiindei taken in the ehiek, along with an 
equally adequate gioup of eontiols foi eompaiison, and (b) this is the firet time, 
in a species othei than the labbit, that the oppoitunity has been aftoided for 
obsei 'v ations ovei an extended peiiod on the effects of cessation of cholestcio 
feeding on the aiteiial intima of the cluck 

Controls Beceiting No Cholesterol Throughout Study Of the four control 
showed gross lesions, one had a lesion of the thoracic aorta alone, two had lesioM o le 
dominal aorta, and one had lesions in both portions of tlie aorta Of the gross esioas^ 
in the thoracic aorta were flat, nonraised, whitish or light yellow areas, 
a few millimeters to 1 cm in their greatest dimension In the abdominal aor a lO es^ 
seen in a prominent ridge like area lying between the renal arteries on the pos enor wa 
aorta They aie characterized by a light yellow staining of this area i niade 

were far more common Nine out of twelve aortas from wluch frozen sec lon^ ^j^scfibcd 
showed evidences of spontaneous atherosclerosis The lesions have alrea y e gudinj” 
fully bj Daubero and Chaikoff and associates, and we are in full accor wi ' 

Typical lipid deposits were found in the thoracic aorta in our cockere s 

hematoxylin and eosin sections of thoracic aorta showed only scattere The.-c 

arranged ground substance which had almost the appearance of mucoi eg^n^^^ 

foci laj between the elastic and collagenous fibers of the intima an (he 

laminae of the media On frozen section, these areas were ^^orkersi^ bsw 

stained material laj free m the ground substance (Pig b ° free of cholesterol, con 

examined these deposits under polarized light and believe them to e ([,g nicdw 

taming onlj fat Fatty material was most commonly found m the mn jtrA'o? 

The myocardium and coronary arteries were not invohed m anv , 1 c trihcd h' 

changes were seen in the abdominal or muscular section of the ^ jjjg ,ntirrena! 

Tln,iVi,»r 9 nriTiinri IpQinnc wprp tn he "found in the ridge like prO _ ^ 


Dauber, a the primarj lesions were to be found in the - ijcctioas oi ' 

region The lesions are characteristically fibrotic, bemg made up o co o^pth 

K»iT,mpc nnfl nH,*Ahlnaf£i ttrifli cmoll I'A TtlAflemte UnlOUlltS Of SUdaUOp i.nfi 


An 


of collagcnoc 
I oiptk" 
of suih 


bundles and fibroblasts, with small to moderate amounts 
of the plaques, usuallj next to the intimal medial boundarj 
a lesion is Pig 1, -B ) t gro = k 

Birds NLaintamed on 2 Pei Cent Cholesterol Diet Throughout ^ the ttoracic 

were observed in flie brachiocephahe \essels and the elastic nor a 
aorta) They appeared in the form of flat, nonraised, white or 


excellent illustration 
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C D 

„f .. 1 — -t Bird D control on normal mash thtt four u eka. ’Spontaneous lesion 

aorta Tlicre Is focal accumulation of udanophlle material In the Intlma and 
no^^i^hote dark stalnlns areas) (Frojtcn section XI 0 eudan I\ ) if Bird 37 control on 
fVi^. niash diet fourteen neeks. Siwntancoua lesion of the abdominal aorta There Is marked 
tflirfir* ant fibroblastic thickening of th intiinn Region near Inthinl mcdl d boundar> con 
on amount of sudanophlie material (Frozen section xi 0 audan 1\ ) c Bird 167 

'"®{C5terol fourteen weeks Earl> choloatcrol Induced lesion of the thoracic aorta* ‘Note 
waiuon of sudano) hilc matcriai in intinm and inner portion )f ni <U Urozen sect on 
«uciiin*< ) -O Bird 131 on cholesteral twentj four weeks \cry heavy deposit of 
unophiie material In the Intlma and inner onc-lhlrd media* (Frozen section XI 0 sudan 
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more tlwi a few inillimeters in diameter This progressed to inei easing tlndeniiig o£ the in 
tima in these regions and the appearance of more eatensive, more deeplj pigmented putdios, 
which were striated or nodular in gross appearance Progression led to severe im oh enicnt of 
almost the entire elastic aorta by either a confluent plaque or sepiiatc and extensive i odular 
or granular plaques There was a clear hue of demarcation at the junction of tlic chstn 
and muscular aorta The aortic valves were frequentlj involved with lieavj plaques of velloir 
material in the sinuses of Valsalva The mitral valves showed pm point hpid deposits m their 
substance We again notedc that theie is a definite time lag in the involvement of tlie ab 
dominal portion of the aorta The interrenal area is preferenti illy involved Involvement 
langed from slight jellow streaking to almost complete occlusion of the lumen of the aorta 
by massive deep j ellow plugs Isolated nodular involvement of the provinia! portion of the 
iliac vessels was a common phenomenon 


Microscopieallj , the least severe lesions consisted merely of some increi'cd dopo ition 
of gray blue ground substance between the collagenous and reticular fibers of the intmia 
On frozen section and Sudan staining these areas contamed moderate amounts of sudanophile 
material and an increased number of fibroblasts (Pig 1, C) Sudanophile material could 
also be seen scattered lightlj through the inner half of the media Jlost of the oarlj le'-iou' 
however consisted of foam cell plaques of vaiving degrees of severitj — from i single laitr 
of cells to veritable foam cell cushions, several lajers deep The fat filled fihroblasti'’ cells 
were arrayed along verticallj disposed leticular fibers and their nuclei also were perpcndicu ir 
to the intimal coat Usually foam cells and an increased amount of intercellular grouni su 
stance could be seen infiltrating the inner half to one third of the medial coat (Fig , ) 
The coronary aitenes were relativelj unmvolved in these earlj lesions As theperio^o^ 
cholesterol feeding was prolonged, more severe changes were seen m the thoracic 
progression is not clear in all instances, i e , some lesions were seen it I JO davs w ic , con^ 
parativelj speaking, were no moie severe than those seen at TO davs Hm'C'Cb a nnm v ^ 
very severe lesions were seen late in the feeding period Hjaline and cartilaginous “P ” 
associated with breakdoii n of the foam cell plaques, uxipears to he tlie nr'st m t 
there is a disappearance of the well foimed foam cells, although ghost i.el s can 
the areas undeigomg hyaline metaplasia Typical cartilage does appear m^ ‘v 


extensive calcification 
cell plaques with the formation of 


uisfancts undergoes 

In some sections there is actual breikdown of the c- 

containing necrotic debris, fragments Ot 


of the plaque, which eventuallj becomes heavilj basophilic and in some gf the foam 


'abscesses' 


ItALSA IAAA7 O. UA AAi (A l/i UAX. VX- « VC '•V'U v,v..v ... q . IjlcllC* 

nuclei, free fat, cholesterol crystal clefts, and heavj deposits of t ilcmni in 
In the heavier foam cell plaques wluch remain intact, numerous fine vasi 
municating with the lumen, and eudothelialized spaces were found risem i a 
are filled with foam cells, loose and in clumps (Pig 2, J) , 

1, ,if bv infiltration oi 

The media is involved in all instances, particulailv m its inner severe Jf 

foam cells and free fat ^^here the intimal lesions are ven severe, lerc ggmmon m 


partiallv 


or com 
oi laitd 


tenuation of the imderhiug media Involvement of the coronarj 
sociation wath severe aortic atheromatosis Foam cell plaques maj e see^^ 
pletely occluding the lumina of small arterioles Some of tlic lesions a 1,% fuim 

calcium grinule deposition Fig 2, C shows a coronary arteriole medii 

cells with a heavj plaque of calcium almost eompletelj replacing m 

The thoiaeie aoita theiefoie shows a spectium ot 
uiimmal deposits of fat and cholesteiol m the gioimd 
foam cell plaques, atheioinatons abscesses, hvalinizhtioii, C‘ 
plasia, and calcification 

, IC'lOIlS 

There appeared to be little or no correlation between *®'!]|g^jI,aoniinaI 
thoracic aorta and those in the abdominal aorta Earlj iispontancoui'’ *'T ' 

of two tjpes One group was indistinguishable from those o 




Ihnr ^ 188 un chol tcrol ftft en anti tn hill \\ k- '=^1 r foini cell plaque of 

aorta Note \asa \asoruii containing red blood cells and al o the endotheliallzed 
B ni* "^1*' foam cells dl crete and In clumps. <xl 0 lieinutox> Im and eosln.) 

V 169 on cholesterol thirteen and one half neclL Ad^anced lesion of Uioracic aorta 
i^herndal lajer of den e conncctl\e tissue beneath nhich Is a wide zone of cartilaginous 

(mi^P'^la with numerous foci of calcltlcatlon InvoKes Inner one Uilrd of media as well as 
narrn^^f (XI 0 hem toxjhn and eosln ) C Bird 4 *1 on cholesterol sevrnt on week Seven, 
ennw'. of *oin n of coronarj uiterv bv fouiii cells There is a heu\> pinto of calcium almo t 
cho f » replficlng the unlerl>ing me lla (Xl 0 hematoxylin and eosln) f> Bird 191 on 

jjbrn.i tw nt> tour weeks lesion of abdominal aorta sliows supcrtlclal lajer of dense 

VI ft * ■"jUi much lipid and abscess forinitlon In tlie depths of the ploquc. (Frozen section 
0 »udan 1 \ ) 
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more tlian a fo« nullimeters m diameter Ti„= ^ 

tima in tliese regionsTnVtL"ap“ce a.ckenn.g of in 

'\hich Mere stiiated or nodular in gross appearance Pr ' P'ffnientcJ p,(d,ei, 

almost the entire elastic aoita bj either a confluent i severe imohenicnt of 

and muscular aorta The aortic vaItP« r demarcation at the junction of the ehti 
material in the smuses of Valsiha The m!t requently mvohed luth heaij phques of leilow 
substance We again notede that there is in (l.ur 

dominal portion of the aLa ' The'mterL'" time lag in the mi olvement of tl.e ,1, 

ranged fiom slight jelloii streakinc to t preferentiallj involved Involvement 

by massive deep yellow plugs Isolated nT) ® “oda 

iliac vessels was a common phenomenon ' P™Pmil portion of the 

of gr^ blurbs suLlZll Zr 

material and an mcreaseti i ^ moderate amounts of sudanophile 

also be seen scattered Imhii (Fig 1, c) Sudanopliile material coulJ 

liovvever coLmted of fo! ' 

of cells to veritable foaiTcen 'trying degrees of severifj— from a single laifr 

were arrayed aloutr verf, ii ! Pojeis deep The fat filled fibroblastn veil, 

to the intimal coat TT reticular fibers and their nuclei also were perpemlKulM 

The coronarv artelr f “f “<=<3nl coat (Fig 1,D) 

cholesterol feedmir n relatively umnvolved in these earlj lesions As the period of 

progression is nnf i ooged, more severe changes were seen in the thoracic aorta The 

parativelv snentm*^ ^ instances, i e , some lesions were seen at HO davs win eh, coo 

very severe lesinna were no more severe than those seen at 70 davs However, a numbref 
associated witii Vi hooding penod Hyaline and cartilaginous metapto 

there is a disaune^^ own of the foam cell pi iques, appears to he the first stop With tioe 
the areas uni of the well foimed foam cells, although ghost cells can be via a 

of the ulamip i>iline metaplasia Typical cartilage does appear in the niiddif!' 

extensive ealnfi ' 7 ' ^^®*dually becomes heav ilj basophilic and in some instances undergw 
cell ulaoiips 7 ^ some sections there is actual hreakdowoi of the centers pf the foio 

nuclei frpp fnp \ of “abscesses” containing necrotic debris, fragmuib f* 

In the hpnvTP ° esterol crystal clefts, and heavy deposits of calcium ui granules orplali" 
niumeatniP- c 7 7^ Plaques which remam intact, numerous fine nsi niiv be sem (OJ- 

oTAfilloi umen, and endothelialized spaces were found reseiubhng 'aw 'dud 

are filled with foam cells, loose and in clumps (Fig 2, J) 

fn.n, “solved in all instances, particularlj in its inner halt, by infiltration oi 

tp y + ^ the intmial Icsiojis 'ire ver> severe, then, mn be 

ua ion o le underlvmg media Iiu olvement of the eoroinr; arteries is tomiuon w 
ni "? aortic atheromatosis Foam cell pi iques maj be seen pirtiallj 

pletely occluding the lumina of small arterioles Some of the lesions abo show as ovwh 
ca cium granule deposition Fig 3, C shows a coronarj aiteriole severelj narrowed bv fo^ 
ceils with a heavy plaque of calcium almost completely replacing the underlying meJii 

The thoiacie aoita theiefoie shows a spectiuni of changes eytendiag^'''’^ 
minimal deposits of fat and cholesteiol in the gioinid substance to 
foam cell plaques, atheiomatous abscesses, hyahimation caitilagtnoib 
plasia, and ealeiheation 


Tliere appeared to be little or no correlation between the seventy of tbe k 
thoracic aorta and those in the abdominal aorta Early lesions in the abdoniuiaJ a 
of two types One group was indistinguish ible from those of the “sponfaucou 
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ilE 3__A Bird 488 on cholesterol for fifteen week^ Very se^ere^les^n^o^f 

Surface of lesion la coated by a 


aorta Surface of lesion la coated by a thin la>er of ^nn^ective beneam cholci—-. 

^ler of ground substance intersected »>> fine wllagenous ®JJd eos^n.) B Bird 

cnetals calcium granules and foam cell .q 1 fourteen \^ks. There Is >er> 

y, on chole terol for ten weeks and then on ordinary mash for fourteei^ecK^ character 

ralnlmal thickening of the Intima of the thoracic aorta which Is flb^wiuiar^ ordinal^ 
(XI 0 hematoxjlln and eosln ) C Bird 97. on ^ti^lcsterol f beneatli endothelial 

jnash for fourteen weeks Note slobular sudanophllo m^aes Immediately (Frozen 

Hning of \cs8el Uso scattered sudnnophllc B*""""**® on spccl low fat 

»ecUon X480 Sudan I\ ) D, Bird 147 on chole terol for tem wee“ obrocellular connec 
diet for &\Q weeks. Note afheromatous abscess cavitj surrounded D> noroce.* 
u'e tissue. (Frozen section Xl20 sudan IV ) 
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and (2) more seieie lesions slioiung heaij fibrosis but also seiere residual deposits of smkii 
ophile material and calcium The latter probabh repie„eiit the solution of the second tv-pe 
of earl^ abdominal lesion seen in the continuing cholesterol teoding Fig 3, B is an dius 
tration of one of these It shows marked thickening of the intiinal surface nith filiroceliuldt 
connects e tissue and partial obliteiation In fibious tissue of an atheromatous ibsce - The 
cavities contain sudaiiophile mateiial and heavj deposits of cilcium The uiiderl) mg media 
shows some fibiosis 

In siimmaiy, cessation of cholesteiol feeding and the nistitutioii of a ion 
fat 01 noimal inasli diet weie followed by fibiotic changes in lesions ot both 
the thoiacie and abdominal poitions ot the aoita, by the disappeaianee ot foam 
cells, and bj-- ealeification ot atheiomatous abscesses 4Ve also hate noted the 
pi esence of seavengei -like cells in the intima 

B Summaiy of Data on Degtee of Atliei osdei otic Lesions vi Vanon^ 
Gioups — Table I summaiizes the aveiage gioss giadmgs in the vniioas gioups 
foi the entne dniation of the expeiiment The liase hue value of the seveiiti 
of lesions at the end of ten weeks of feeding with cholesteiol is based upon all 
chicks, both exiieiimental and eontiol, which eitliei died oi ueie saciificed 
Also incliideel in this base line gioup aie tlnee buds tiom the Imv fat mash 
gionp and two fioin the plain mash gioup which died dining the fiist aeek 
tollosving division of the gioiips The aveiage gioss giadnig toi the eighteen 
chickens in this gionp was 2 5, which eompaies ia^olab]y with sallies le 
poited by ns in a pievions expeiiment “ 


Tvble I Aserage Gross Grading of Aortic Atherosclerosis i\ All Groups for hsttn 

Durvtion op Evperijxeat 


TISIE iRQ3J[ 
BEGINMAGOP 
EXPERIMENT 
(WK ) 


9 to 11 
12 to 14 
15 to 18 
19 to 22 
22 to 24 


Tot'll 


ON 2% CHOLESTEROL DIET FOR 10 WEEKS IND 


2% cholesterol 

LOW PAT DIET 

NUMBER AVERAGE 
OF BIRDS GR VPE 

NUMBER AVER IGE 
OP BIRDS GRADE 

18* 2 5 

6 4 1 

11 4 3 

4 43 

4 59 

G 27 

4 21 

7 11 

5 05 

43 

22 



three from the low fat and two from the plain mash sroups whici 
after separation of the groups 

Continued Cholesteiol Feeding This is best \isiulizec 
aveiage gioss giade lose fiom 2 5 at the time ot division jjig period 

the peiiods fifteen to twentv-two weeks, and then lose to J 
twentv-tiuee to tveut\-fom weeks Theie ivas, oi tbok' 

in seventy ot lesions, then a tendenc'i to lesel oft attei ecu ^ 
teiol feeding, and finalli^ a fuithei use aftei twentv-two wee 

mal I”'”’'* 

Fotmal Hash Placing cholesteiol-fed buds on a diet of p,, jero’’®’ 
suited in a giadual decline in the extent and seieiity o 


BETROGRFSSION OF VTHEROSCLEROTIC LESIONS IN CHICKS 




This IS best seen for the peiiods fifteen to eighteen weeks and twenty thiee to 
twenty foil! weeks \vheie the a\eiage values obtained iieie 18 and 1 re 
speeti\eh Toi the pciiod eighteen to tnentj two weeks a \alue of 3 5 was 
obtained This aieiage was consti noted fioiu data fiom thiee chicks one of 
which had vei> seveie lesions On the whole howe\ei the tieiid towaid de 
Cl easing seieiitj of the lesions was unmistakahle 

AVERAGE GROSS GRADING Of ALL GROUPS FROM TIME OF DIVISION OF GROUPS 


AVERAGE “fO CONCLUSION OF EXPERIMENT 

CRO«;S 

GRADING 



TIME- WEEKS 

4 — A\ erase gross grading of all groups from the time of division into groups to the 
conclusion of the experfment 

Tow Fat The gioup of cholesteiol fed buds placed on a low fat choles 
teiol free diet gate ^alues which closelj lesembled those obtained in the gioup 
of cholesteiol fed birds placed on oidimij mash but the decline in the se 
lent} of the lesions was somewhat moie maiked and was consistent for all 
tune peiiods The decline fii*st becune cMdeiit at the fifteen to eighteen weeks 
peiiod and w as most noticeable dniing the eighteen to twenty two and twentj 
three to twentj foui week peiiods wheie a\eiage gioss Tallies of 1 1 and 05 
were reeoided 

t-ombmiiig the low fit and noiraal mash gioups gaie us a more adequate 
‘'Gt of aveiagcs Again a piogiessne decline in the seieutj of the lesions was 
‘^PPirent 

Controh The contiol gioup which lecciied noimal mash with no added 
cholesteiol o\er the eiitiie peiiod was lemarkable foi the paiuitj of orossl> 
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diseeinible atheiomatous lesions of the so-ealied “spontaneous” vauety Oulj 
foni of the twenty-six eontiols showed giossly visible atheioscleiosis Tuo 
wei e gi aded at i/4, one at and one at 1 

C Blood Clioleste) ol Levels — ^Fig 5 illustrates the blood cliolesteiolle\ els 
toi the vaiious gioups thioughoiit the eouise of the e\peimieut Tlic fiist 
and second deteiinmations weie made at five and ten weeks aftei commence 
inent of the expeiiment Theieaftei blood cholesteiol deteinunatioiis weie 


bijood 
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Fig- 5 


-A^erag-e blood cholesterol levels before and after division of birds 

groups 


seurai 


made at weekly oi biweekly peiiods The values foi the 2 pei 
fed buds showed a good deal of Amiiation fiom week to week, 


on the whole was towaid inci easing levels The last thiee deteinun 
2,629, 2,479, and 1,839 mg pei cent lespeetively Diumg the same pc 
blood cholesteiol level fell in the gioups taken off the cholesteio 
two Tveelcs of cessation of cholesteiol feeding, the blood .^^A^ctnelN 
the plam mash and low fat gioups fell to 268 and 175 mg per ceu gioups 
(contiol, 100 mg pei cent) AVitliin one moie week the values oi 
weie back ui the noimal lange The blood cholesteiol leies o 

» m tiie 

altei leu xv-— cCiS-' 

cholesteiol Imels, 


showed no significant i aiiation duimg tins peiiod ^ 

In summaij', contuiued cholesteiol feeding aftei ten 
maintenance and fiii thei elevation of the blood 
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tlou of cholesteiol feeding leads to a ^elJ rapid fall of the blood cholesterol 
back to normal levels 

DISCUShlON 

The lesults obtained m the piesent study complement and e\teud our 
previous studies on cliolesttiol induced atheioscleiosis in the chicken It is 
now deal that continuing cholesterol feeding in the chick for peiiods up to 
si'i months results m progressive aggravation of the atheioscleiosis This is 
not in accord with pievious data reported by us for a much shorter experi 
mental period® The piogiessiou is associated with a continued use in the 
blood cholesteiol levels The spectrum of miscroscopic findings lesultmg 
from continued cholesterol feeding is wide indeed ranging from mere in 
creases in amoiphous giound substance to massiie foam cell plaques, hyaline 
and cartilaginous metaplasia and heavy calcium deposits AVe noted also the 
tendency for cholesterol induced lesions of the abdominal aoita to appqai in 
an aiea usuallj involved in the ‘ spontaneous” aaiietv of the disease and 
appaientiy to aeceleiate and/oi aggiaaatc the normally occninng lesion 

'Cessation of cholesteiol feeding aftei ten weeks icsulted in a giadual 
decline in the seveiitj of the lesions as judged by gioss giading m both the 
plain mash and low fat groups There was no essential difference between the 
two gioups either fioin a gioss oi iiiicioscopic standpoint, and they have been 
combined for puiposes of discussion (and in Table I) Blood cholesteiol levels 
fell to normal within thicc weeks of cessation of cholesterol feeding Jlioro 
seopieally the lesions were characteiized by diminution and disappearance of 
foam cell deposits, inei easing fibiotic changes in both the abdominal and 
thoraeio poitions of the aoita diminution of giossly stainable lipid, and 
heavier calcificatioii Some of the chickens sacrificed at the very end of the 
experunent showed so little gross oi inieroscopie evidence of atheroseleiosis 
that It maj be assumed that the lesions in these buds had undeigone complete 
remission In othei birds severe fibiosis, remains of atheromatous abscesses, 
and heavy calcification tended to suggest that thei e is a limit to the degree of 
atherosclerotic damage which can be lepaiicd 

Controls kept on ordiuaiy mash showed only few gross lesions, but the 
nieidence of micioscopic lesions was much higher This is in accord with 
previous evpeiience in this laboiatoiy’ lu con oboratioii of CJiaikoff and 
CO workers,'" w e found lipid deposits in the thoracic aoi tas of cockerels 
a phenomenon leported by Dauber’ only in hens These lesions of the thoraeio 
aorta aie nevei ehaiaeteiized by thickening of the iiitima or bj foam cell 
deposits but consist of small foesl deposits of lipid mateinl in the giound 
substance of the intinia and iniici portion of the media In the abdominal 
aorta, the spontaneous lesions aie eharacteiistically fibrotic with far less stain 
able lipid than m the cholesteiol induced lesions Thej arc, however, very 
similar to some of the less seveic lesions mdiiced bj cholesterol feeding par 
ticulailj when the latter has been suspended foi some time and the chicks have 
Itceti returned to a normal diet 



1438 


HORLICIC AND K VTZ 


IS Lt'vr''‘’ *’r‘*^* *‘'° •“ tat’ then' ta, 

1 / ^ lollowing tluee to foiu months of 

Mat all W T , T "«>1 a,. 

Lmatto,, '> 0 "'eve., that this piocess tv„s a slow one The t,,ms 

tisMiP t ir^+ ^ plaque iieh m lipids into a plaque composed ol fihious 

he rh! quantities of Jipid could 

noted ™^^°®^°P^^all 3 " aftei Sudan staining Jlicioseopicalh Anitschkow 

'ind +>i ^ ( iE>integiation and disappeaianee of tlie foam cell masses 

'iiirt fli newly dei^eloping collagenous and elastic fibeis 

Ion ^ noted also the tendency foi cholesteiol eiystals to peisist 

g a ei le othei lipids have been zemoved, and also the Jaige quantities 
ca enim w ich weie laid down in aieas toimeily occupied by atheiomatous 
scesses e stated that if the develoiimeiit of the lipid deposits and the 
1 C ceiling of the intima had not i cached a veiy eoiisideiable degiee dming 
e piogiessne peiiod, all that was to be seen attei lesoiption of the hpids 
ac a cen p ace was a slight fibioiis thickening of the iiitiiiia, sometimes con 
taimng a few cholesteiol eiystals, togethei with scatteied lipid cells and 
g o 111 es of neutial fat Anitschkow gave no data on the effect ot cessation ot 
c 0 esteiol feeding on the blood cholesteiol levels in the inbbit Steinei,’’ 
among otheis, has obseived that following the cessation ot cholesteiol feeding 
in labbits the blood cholesteiol levels fall veiy slowly ovei a penod of months 
t IS of inteiest that the lesoiptive changes seen in the labbit, and desciihed 
y Anitschkow and otheis, so closely leseinble the changes seen b^" us lu the 
chicken It is also of inteiest that the late of legiession of lesions ni the 
chicken is much gieatei than in the labbit These two featmes mav iiell 
be 1 elated in an etiologic and pathogenetic sense, as will be discussed 
The ability of the physiologic mechanisms to lemoie lipids fioni the 
aiteiial wall is not a featiiie common to the expeiimeutdl aiiiimil alone In 
man, Leaiy’s^^ excellent studies have tin own consideiable light on the pioblem 
of the bodilj" defenses against the development of atheiomatous lesions bean 
beheves that a defense mechanism exists which lemoves excess fat and 


cholesteiol fiom the aiteiies of youth and fiom the ascending aoita eien m 
old age The cholesteiol is tiansfeiied fiom wandeiing hpid cells (loam 
cells) to fixed fibioblasts in uhicli the cholesteiol esteis aie split, ainsotiopisai 
is lost, and the cholesteiol is bi ought into solution in an excess ot fatty nti 
Solution IS followed b3 its disappeaianee fiom the lesions IVith the renioi 
of the excess cholesteiol, the lesions stop jiiogiessing towaul aflieiosclii'osb 
and subside In jmiith this mechanism is adequate to cope with hp^^ dcpnsi^^ 
in the Ultima As man ages his ability to leniove cholesteiol 
diminish, and atheioscleiosis becomes seveie Incieased deposition of co ‘o 
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and dense scai tissue ^\lth subjatent collection of fat is moie common In 
old a^e, cholestciol ienio\al lucbainsms appeal to cease and foam cells ac 
cumulate in masses with inadequate uutiition and suppoit and piimiij 
atheromatous abscess is the topical lesion ruithei conoboiati\e e\idencc on 
the lesorbabilitj of human lesions comes fiom two soiuces Asehoff^^ obseiaed 
that atheioscleiotic lesions weie i ue in autopsj mateiial dining and aftei 
Woild Wai I in Geimam — a peiiod of seieie famine and nnlnutiition, espe 
cmll> with lespect to fats eholesteiol and pioteins IVIoie lecentlj "Wilens*® 
has noted tint at neciops} seieie atheiosdiiosis is at least twice as common 
m obese as in undeinouiishcd pei*sons 35 leais of age oi ovei lie found this 
relationship to be independent of se\ oi the piesenee oi absence of diabetes 
01 hypei tension Seieie oi eien model ate atheioscleiosis was seldom found 
m those with piotraeted undeiniitiition less seieie atheioscleiosi« w is ob 
sened iii those with wastnif, disease than m those with teimnial weight loss 
He mfeiied fiom this data that lesoiption of atheiomatous lesions mnj occiu 
during penods of nniked weight loss Histologicallj the most conspicuous 
difference between the two gioups h> m the amount of lipid in the intiiml 
lesions — there were less lipids and fewer phagoc\tes in the intnml lesions of 
those With weight loss 

Thus fai we haae discussed onh the spontaneous legiession of lesions 
winch takes place in the e\poiimental animal on the cessation of eholesteiol 
fecdiUg and iii man following piolongcd undei nutrition AVe have alieadj 
noted that the proMsion of a low fat eholesteiol free diet did not appieeiabl> 
ntTect the rate of legiession of lesions in the chick Attempts have been made 
to influence the rate of regression of lesions in the labbit through the use of 
various substances knoivn to influence fat metabolism Steiner^* noted that 
the administration of choline to rabbits which had received cholesterol foi 
110 days resulted in a marked regression of the lesions E\amination of his 
data reveals that in the six rabbits m vihich choline appeared to have a posi 
tive effect, the blood cholesterol levels were never verj high and rapidly fell 
to the normal range e g 

DV\8 0 20 GO 

476 mg % 149 mg % 96 mg /o 

512 3j 7 IJo 

AVljtit cholnu. failed to infliKnce the Iisioiis the blood eholesteiol was hioh 
at the St lit ind tended to staj high eg 

DA\ -5 0 60 

1 265 mg % 1 ‘’oO mg % 

000 544 

hi the gioup tiken off cholcsttiol ami iiiaintanud on a leoUlii diet with 
out choline the eholesteiol lahies with one exception were oier 300 nig pei 
lent at tile end ot sixtj dajs and the late of fill w is ici'j slow It would 
i>ccin thciefoie tint theie is a stioiij, coirclitiou between the rate of tail of 
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might weU be accoiinted ff to aet ,n fom out of feu .nbkts 

labbits, which aie known to ipqnm-. I ^ mdividual difteiences among 

Steinei 's lesults have been amply coUZTbyl^ltt" ^nd 

y means of cholesteiol toleiance tpst<s^^> wo Un i ti 

that theie is a mnikprl rh-ffai ^ have been able to shon 

standaid load f of diifeieut species to a 

ilch less Tanawf o L 

leqmies thiL^ to % ^ deabng with inti avenoiisly injected cholesteiol ami 

aitifienllv n. ^ associates have published sinulai data using an 

iwftv 0 nu7 theiefoie that the 

to its^ nhiiitf cholesteiol fiom the aiteiial intinia is lelated 

imeetp 1 t 1 ^ me abolize cholesteiol Thus the chicken, which lemoics 

nhbit ni ^ts blood stieam about thiee times as fast as the 

ppsnntim' ^ lapid fall of blood cholesteiol to normal after 

dop<? tb ^ °i f feeding and a moie rapid legiession of lesions than 
1-5 urmi ^ ^^t this pioeess may be acceleiated by exogenous facfob 

, , ^monstiated by the effect of choline in the labbit, and by inulei 
f n ^ man The existence of a physiologic mechanism foi the lemoiai 

Pit ^ ^*^1^ ^ fiom the vasculai wall is well suppoited by the eiidenee 

^ eaily suggested by the lesuIts of the piesent investigation AVe 
aie tJieiefoie eomnpllp/i f/-^ , _ it.. 


, ' ""oov.ji'cu uj' uie lesiuis 01 rne piesent investigarion 

leie oie compelled to abandon oui “static” concepts conceining the 
na lire 0 atheioseleiosis and to apply uistead the dynamic piincipks of 
moc ein metabolic theoiy eoneeining the behavioi of the lipids in othei paih 
o le 0 V Body fat is now Imown to be in a constant state of flux, it is laid 
c own in t spots and is constantly moved and leplaeecl, couveited 01 destioved 
as lequiie It would appeal fiom the piesent study that undei eeifani 
ciieumstanees the lipid content of athei omatoiis plaques is subject to smiihr 
me a 10 ic foices Fuither studies on this aspect of the pioblem iiith nioic 

le nec metabolic tools aie the sine qua non of theiapeutic leseaiches m this 
held 


SUiUJIABY 

1 Piolonged feeding of a diet containing 2 pei cent cholesteiol m (oltoii 
seec oil foi a peiiod of tiventy-foui weeks lesulted in piogiessive elemtmu 
0 the blood cholesteiol levels Theie was iiici easing seventy of the athero 
scleiosis foi a peiiod of fifteen weeks and then a levelling oft, with a fuithci 
incxease m seventy dining the last two weeks ot the expei iment 

2 Cessation of cholestei ol feeding aftei ten weeks is follow ed by a 1 iJ"' 
lapid dechne in the blood cholesteiol levels to noimal within thiee wee 
There was also a giadual regiession in the seventy of the lesions oicr a 
foui teen-week period It appeals that eaily lesions may be compkf*^^' ^ 
soibed upon cessation of cholesteiol feeding, while moie severe lesions un er 
go regiessive and reparative changes 
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3 There appealed to be little diffeiencc m the late of legiession oi dis 
appeannce of the aoitic lesions in buds placed on a iioimal mish diet and 
those placed on a low fat, cholesteiol fiee diet folloiiing cessation of 
cholesterol feeduig 

4 There is a wide spectiiini of histologic changes resulting from pio 
longed cholesteiol feeding, ranging fiom increase in the ground substance 
of the Ultima, with infiltiation of sudauophile material, to lery e\tensive 
foam cell plaques hjaluio and cai tilaginoas metaplasia and heavy deposits 
of calcium iii gi mules md plates 

5 Cessation of cholesteiol feeding is followed bj fibiotic changes in 
lesions of both the thoracic and abdominal jiortioiis of the aoita by the dis 
appearance and diminution of foam cells and fat, and by the calcification of 
atheromatous abscesses We also noted the presence of scaieiigei like, fat 
filled cells in the intiina 

6 The eonti ols shoii ed feiv gross lesions but numei oiis iiiici oscopic ones 
Scattered foeal deposits of sudauophile matenal iieie seen in the intima and 
inner poitions of the media of the thoiacic aoita In the abdominal aorta the 
spontaneous lesions iiere ehaiacteiizcd In fibiosis of the nitinia, Mith 
sudauophile deposits and calcium granules at the nitimal medial junction 

7 The presence of a plnsiologie mechanism coiiceined 111111 the regression 
of atheioma ui animals and man is discussed and the application of modem 
diaiamio pinieiples of lipid motabolLsm to this nicchaiiism is considered 

Wo aro indebted to Miss C Coicnc (D "V Diuber Mcnioral Rc earch Usislinf) Mj s 
I^ orramo ^dams Miss Eiloon Arnold, Miss Mard^ii Dudley aad Mr ^\ ilham Foote for 
technical asaistanco in this studj 
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THE LACK OP EPPECl OF TWEEN 80 ON THE ABSORPTION OP 
ALUMINUJI A.ND SODtUAI PENICILLINS 


Leon Schw vktz 31 D vnd Wii lum P Booer, 31 D 
Phii \DELPiirv Pv 

T he mdespreid use oi oial peimillm despite tlie fset that onlj a fraction 
of an administered dose is absoibcd fiom tlie gastiointcstiual tiact mal es de 
sirable tlie imestigation of faetois that mai faioi tlie absorption of peniciUin 
from the gut The piesent stiidi repoits the compaiatiie plasma eoncentiations 
of penicillin that resulted fiom the oial administration ot iluminuin* and 
sodium penieiUina ivith and without oialh administered Tween SO (poIjoNj 
ethjlene soibitan monooleate) 

The Tweens aie a senes of pohowall ileiie deinatnes of the hcNitols man 
mlol and sorbitol, and then aulndiides paitiilh esterified that aie classified 
as dispersing agents ■ Such compounds iiiioht theoieticalh iiicieaso the absorp 
tioii of substances fiom the gastiointostinal tiact b\ loweinig suiface tension 
and increasing dispersion It has been reiioitcd that one of these compounds, 
Tween 20, giieu bj mouth and parenteialL piolongcd the penicillin plasma 
eoncentratioiia following oial and parcnteralh administeied penicillin' Tween 
SO differing onlj in the fact that oleic acid is esteiified with the he\itan m place 
of laiirie aeid, has been fed to human patients ni amounts as laige as 15 Gm 
per da> without cMdence of toMcits and fuitheimoie has pio\ed to be effee 
ti\e in increasing the absoiption ot fats and fat soluble substances in ceitain 
pathologic conditions marked b^ impaiied gastiointestinal absorption ' Because 
of Its nontONicity and its pioced efficacy in luiiiiaii beings 1 ween 80 was chosen 
tor this study to deteimine whethei it had aiij infliicnce on the absoiption of 
orallj administeied penicillin 


SIlTEBllUS INO JIFTHODS 


Twelve male subjeet*^ varjjng in age from 33 to <8 jears afebrile and free of obvious 
renal liepatic or gastrointestinal disfunction were elected from tlie inediLal wards and 
divided into two groups of six each One group wns grvtn aluminum pcmcillm with and 
''itbout Tween SO and the other was gnen sodium penicillin witli and without Tween 80 each 
patient serving as his own control in determining the effect of the dispersing agent on peni 
cillm plasma concentrations 

Penicillin was administered orally m a do o of 200 000 units everj three hours for nine 
"Jo es and blood samples were drawn into hopann wetted fringes at onc-half one, two, and 
three hours after tlie ninth dose No medic ition was given for twentv four hours and then 
00 000 units of penicillin and 2 Gra of Tween 80 were given together everv three hours for 
Dme doses -ifter tlie ninth dose of the combination of druj, blood inipks again were 


F’ronj the I lillailelphi i General Hospital 

P,, This studj 3^03 made possible through grant in aid from the Re c ircli Fun I for Infectious 
disease of the Unl\ersit> of Pennsv Iv tiila and from Sharp 5. Dohmc Inc 
k ceUed for publication Jul> -3 JtHO 

ni.. I Tween SO waa supplleil through the courte > of Vtlaa I ow ler Co ^\ilmlngto^ Del 
"l^inum penicillin through the courtc > of H>iison We tcolt &. Dunniug Inc Baltlnior 
and sodium penicillin through tlie courte3> of Shirp & Dohnio Inc Clenol icn Pa 
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drawn at one half, one, t\^o, and three liours Tlie ninth d<n;P of * 

of the studj was given at the same time nf rio, i i medication in each plus: 

01 food, lie peicii t™ do™ 11L“' “ ““ “ »' •■si.. 

pcmcrllm, „„e employed m “ *" 

Eaatc mod,heat.„'o, u,e Eammdhl' L r" 

ism Streptococcus 9S ^ dilution method, i employing as the test organ 




non/ D ^ ^ ''''' piesented the data obtained following the use of sodium 

p iciUin It IS appaient that in thiee patients (E U, B L, and P L) the 
penicillin plasma coneentiations weie actually lowei ivlien Tween SO was ad 
minis eiec , in two patients (G J and J M ) the coneentiations weie luglier, 
and in one patient ( J M ) the coneentiations weie equal to those obtamed 
Wien penieil m was given alone The aveiage values fiom the six patients 
show the coneentiations after penicillin alone to be slightly lughei than those 
aitei peiiiciUm and Tween 80 


Table I Sodium Penicillin 200,000 Units* Orally, Comparison of Penicillin Plasmi 
Concentrations With and Without Ti\een 80 


penicillin plasma CONCENTR-mONS 

(HOURS AFTER ADMINISTRATION) 


PATIENT 

age 

1 TWEEN 801 

Va 

1 1 

i 2 

1 3 

Or J 

07 

Without 

019 

019 


0 25 

J M 

78 

With 

0 76 

0 76 



Without 

1 00 

150 



J M 

33 

With 

2 00 

1 00 

150 


Without 

0 25 

019 

0 25 

013 

E U 


With 

0 76 

0 50 

019 

013 

72 

Without 

150 

150 



B L 

36 

With 

Without 

0’97 

0 38 

165 

0 3S 

125 

0 2o 
095 

P L 


With 

0 47 

0 80 

0 37 

030 

45 

Without 

0 55 

120 

0 33 

misM 



Witli 

0 30 

0 55 

0 25 

017 

An eiage 


Without 

With 

0 74 

0 85 

103 

0 66 

0 78 

0 57 

0 67 
013 


•Two 100 000 unit tablets each buffered with 0 35 Gm calcium carbonate 
tlO Gm per day administered as four 0 5 Gm gelatin capsules every three hours 


Table II shows similai data aftei the use of alunimmn peiiicilhii In h'O 
patients (H M and C B ) the plasma coneentiations of penicillin Jie 
after the use of Ttveen 80, in two patients (J W and B M ), slightlv Jiigh^fj 
and in two patients (S B and E H ), appioximately equal to those obsened 
after the use of aluminum penicillin alone The aveiage values fiom flie si^ 
patients aie piaeticallj'^ identical 


DISCUSSION 

The Tweens aie painful and nutating when injected 
even if effective in elevating penicillin plasma coneentiations as 
Tween 20," this loiite of adnimistiation would be impiactical 
the amount of Tween 80 absoibed fiom the gut and excieted iij the < 
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Table H Aluminum Penicillin 200 000 Ukits On^LLi, Comparison oi Penicillin 
Plasma Concentrvtions With and Without Tween 80 


penicillin PLVSMA CONCENTILVTIONS 
(HOUFS AFTEB ADMIMSTR VTION) 


PATIENT 

AGE 

TWEEN sot 

y2 

1 


1 3 

J W 

08 

W ithout 

1 00 

lOO 

1 00 

1 00 

B M 


With 

1 60 

3 02 

2 50 

2 50 

67 

Without 

0 2a 

OoO 

0 2d 

0 25 



■With 

0^1 

0 70 

0 76 

0 25 

“3 B 

50 

XVithout 

010 

0 ID 

0 2d 

0 2o 



With 

0 2o 

0 3$ 

019 

01c> 

H.M 

59 

Without 

1 00 

2 00 

0 70 

0 38 



With 

0 70 

0 70 

0 50 

0 76 

C B 

78 

Without 

3 00 

3 00 

3 00 

150 



With 

1 aO 

0 70 

2 00 

150 

E H 

71 

Without 

0 15 

0 7S 

0 70 

0 80 



With 

04/ 

0 9S 

0 75 

1 20 

Average 


Witliout 

1 OS 

1 34 

1 OJ 

0 79 



With 

Ubl 

] 11 

1 11 

1 Oo 


Four 60 000 unit tablets each buffere I wllh 0 3 Gm sochuin benzoate 
tlO Gm per daj administered as four Oa Gm gelatin capsules e\cr> three hours 


SO small® that a caiiuamiclc hi e efteet asciibeci to Ihreen 20* eeiiis luilikoly 
The sole anticipation of an effect of Twccii 80 on the ibsoiiJtion of penicillin 
^as predicated on its actuity as a dispcisui^ agent within the gut The ob 
servations made in twelve patients under the conditions outlined indicate that 
Tt\een 80 excited no effect on the absoiiition of penicillin fioin the gastio 
mtestinal tract 

Aluminum and sodium penicillin were not compaicd m the same patients, 
but it IS apparent that the penicillin plasma concentrations observed in similai 
groups of patients were apiiroximatelv equal dmmg the tlnee houi period 
studied A subsequent investigation will be dueeted towaid eomparm^a the 
mamtenance of penicillin plasma concentrations foi peiiods longei than three 
hom-s It should be noted that the penicillin plasma concentrations were unex 
pectedly high, except imtialb, they exceeded those lesultmg from the intri 
muscular injection of 50,000 units of pemciUin (ci’jstalliue peiiicillm in aqueous 
solution)® The concentrations obseived may be explained in pait by the ages 
of the patients studied oi by the possibility of pemcillm aceiunulation in the 
circulation during the tweut> four hours of medication piioi to the time dose 
response \alues heie rccoided Unfortunately there is no bod> of data iii the 
literature with -which to compaie the results of this &tud> but it would be 
unwan-anted to assume that penicillin plasma coiicentiations of the luaoiiitudL 
herein lepoited obtain in all patients to whom 200,000 units of penicillin aie 
orall> administered ever> thiee hours 

CONCLUSIONS 

Tween SO (jiolj oxj ctln lene soibitm inoiioolcate) in oral doses of 16 Gm 
per day did not ciiliance the oastiointLStinal absoiption of penicillin as dttci 
mined b> the penicillin phsnia concentrations lesultmg from tlic oi-il admin 
Htration of the antibiotic with and without Tween SO 
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LABORATORY METHODS 


LVALUATION OP A MODIFIED SUJINER S METHOD 
(DINITKOSALIC\ Lie ACID) POE DETERMINATION 
OP GLUCOSE IN URINE 

Rolf Brodlrsen Pii D axd HrNR\ T Ricketts M D 
CiiiciGO III 

S UMNER* “ ** lias descubed methods foi the deteiniination of glucose in mine 
md blood, using dinitiosahcilic acid as an oMdizing agent The reduced 
dinitrosalicj lie acid is doteiniincd colornnctrifalh This method has been cm 
ployed e\tensively by Extoii “ foi the deteininiation of both niinarj glucose 
and by modification, othei sugais touiid in mine Reccntlj Leech and Wood 
ford* ha\c utilized this piinciple in a siiiiiilc and rapid method foi the appioM 
mate estimation of blood glucose 

The piesent papei deals with the employ ment and detailed evaluation of 
this method slightly modified tot the determination of glucose in uiines that 
do not contain otlioi i educing sugai's 

PROCEDURF 

The following procedure \\a< found to be sntisfactorv 

Pre^jarottou of the Seaqcnt — Solution 1 120 Gm of sodium pot'isaium tartrate and 

0 Gm of phenol (cr^stalJine) ore dissolie<l lu 3o0 cr of uatcr 1 solution of 6 Gm of 
sodium bisulfite in 60 c c of water is added 

Suspension 2 20 Gm of 3 5 duiitrosaUejhc acid iuoQO<iodium salt are suspenaed m 

800 cc of Mater care being taken to avoid large lump*! 

Solution 3 40 Gm of sodium hvdroxide are dic^oKed m 400 c c of water and cooled 

Fort} cubic centimeters of Solution 3 are added to Suspension 2 and the mixture is 
shaken until the salt has dissolved This is completed m a ver} short time if there are no 
large lumps in the suspension Now Solution 1 is added *ind mixed well with the solution of 
dmitro3alic}late Finally 320 c c of Solution 3 are added m three or four portions The 
mixture is shaken after the addition of each of these portions If all of the sodium hydroxide 
is added at once, a precipitate may be formed which is verj difficult to redissolve The volume 
13 made up to 2 000 c c with water 

This reagent is kept for two weeks at 2o to 30 C before use 

The lieduction mid the CoJonmetric Determination — Ten cubic ccutimetei-s 
of leagent iic pipetted into a 10 mm test tube and 0 1 cc ot mine is ndded 
fiom a blood cipillai> pipette The pipette is» iinscd in tlic leiotiit and the 
Jmxtiuo is stilled with the pipette oi a glass lod To anothci 10 cc of Kagciit 
iu a bimilar test lube is added 0 1 c e of water The tubes arc heated in boiling 
watei foi thice ninuitcs and cooled to loom tcmpeiatuie 

The optical duibitN is dcteimined In speetiophotomcti} • in a 19 mm tube 
usin„ the leagent blank is a stindud For glucose conccnti itions below OG 

From the Department of lie licln I nl\er lt> of Chlcai.o 
, TIjIh work wji p rforiu d js r»rt of ‘ P**®! ct buppoitcl hj the Dhl Ion of Rcbcnrch 
' rants ami fellowships Nation d Institutes ot HealUi Lnlt d States I ubllc Health Service. 
Ilccelv d for publication June 1S49 

Different tjpe of colorimeter i m> bt use I Th du'^rlbeil proceJur is b» cd upon 
•ne employment of a Cokmin lunlor SpoctrophotomeUr \ Idch jrn 1 very satisfactory for 
‘III* purpose. It may be operated rapidly »nd rIvcs a rca onnblc loBr e of accuracy 
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pel cent the Avave length 540 m/i is used, for concentiations above this \alue, 
700 m/i IS used The glucose coneentiation is found fiom a standaid cuue or 
fiom Table III Finally, the tempeiatiiie of the solutions is iiieasuicd and, ii 
necessaiA^, a collection made by means of Table IV 


RESULTS AND COJIAIENT 

It was found that the lesults vaiy, depending on the method of piepaiiirj 
the reagent The amount of color developed is fiiithei dependent upon the age 
of the batch of reagent used Prom Fig 1 it will be seen that the intensity oi 



the color, when the reagent is kept at 27° C , iiici eases foi the hist twe 
01 so and thereafter remains constant It is thus iieeessaij'^ to leaie t le le 
prepared reagent for about tivo weeks at this tempeiatuie 
lower temper atm es a longer time is required, while at 37° C the aging pi 
Avill be complete in one iveek We have tried to age the reagent in ve lo^^ 
boiling A\atei This pioeediiie, although suitable for enieigenei 
lecommended, since it results in a rather dark colored reagent jt.cd, 

able for exact vAOik As shown in Table I, the reagent, once it ^ pionn 
IS stable for at least three montlis at room tempeiatuie vhen up ni < 
bottle in the dark 


T.cble I Densities Focnd, Using Diifepent Bwciiis 
All Glucose Concentrations Are 0 5% E uh V ilue Is the -Vier ijie o o 


DATE Of PRFPVRVTION OF 


AGE Of I FAGENT 


RE^G^\T 

3/6 

1 (nvvs) _ 

34 

— ! (Tsoo 

3/6 

77 

0 791 

3/6 

99 

OSlO 

■1/16 

15 

0110 

•1/16 

37 

0 79S 

4/16 

58 

0S17 

5/24 

5/24 

13 

20 

OSOl 
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Foi pipetting’ the leageut an aiitoniitic 10 cc pipette'* iis coiuuuent 
111 these expeiinicnts 01 cc of uimet used TJie pipetting of tins 
\oIuni6 with a 0 1 c c eapillai^ blood pipette is the laigesf single soince of eiioi 
111 the method The pipettes used in this work (Saigent Clneago), as leceiied 
from the manuf icturer, aic said to nieasuie 01 ce ± 0 005 cubic centimetei 
Ul of thirtj pipettes tried ueie found to be within these limits 

When uoiking witli puic glucose solutions oi uitli uiiiics containing much 
glucose and onlj small amounts of othei leducing substances the uiixtiue of 
urine and leagent niaj if desiied be left it loom temperatiue foi an iioiu 
bcfoio boiling Table II shous tJie v dues for optical densitj uheic diffeieiit 
penods of time befoie boding nere einplojed | In the case of veij conceiitiited 
solutions (10 pei cent glucose) a ceitam amount of the biouii coloi develops 
diinng the fii-st houi at room temperatiue Tins does not affect the fiml icsult 


Table II Values fob Optical Dcnsitv Folm) Uue\ v "MixTunE op i Pure Glucose 
Solution and tub Ril\gem‘ RtiiviLED \t Room TFiriEiLYTURE pon DipiinENT 
Periods op Tiuf Bpfobf Boi/jno 


TIME (MIN ) 1 

1 PEVSITi 

0 

OOaO 

5 

0 04- 

10 

0 65-> 

30 

0 653 

(30 

0 042 


If laige amounts of czeatnime iie piesent leduction tikes place at room 
tcmpeiature witlun a shoit time as indicated in Fig 2 The amouut of coloi 
developed by physiologic conccntiatioiis of crcatiiiiuc is ratJiei snnll and usually 
can be neglected If one liouerei is interested m deteiniiiiing coiiceiitiations 
of glucose in the lange of 0 1 to 0 4 per cent the leduction b\ cicatmine must 
bo taken into consideration and the tubes should be put into the boiling watei 
as soon as possible aftei mining uiinc and leagcnt 

A boiling tunc of tiiice mmutes was found satisfactoiy The Naiiation of 
the color obtained by ^ ary mg the boiling time from 2 5 to 4 minutes is seen in 
3 One should nial e sine tliat there is piopci contact between test tubes 
and boiluig uatei If many tubes ire placed m the \\atei bath without sufficient 
space between them, the tubes m the middle uill lemain it a lowei temperituic 
than the otheis aud eironeous lesults mil follow 

Aftei boiling, the tubes aie placed in cold water It is coiueiiieiit to liavo 
two vessels foi this puipose The tubes aic hist placed foi a few minutes in 
one With mnning tap watei and thercaftci in the othei contimnig water at 
room tcmperatuie In this way lapid cooling is obtained and all the tubes mil 
he at loom temperatiue for the coloiimctiic deteimination As will bo shown 
^atei, this IS essentiil since the intensity of the color depends upon tcmperatuie 


„ , If moullj pipettes are used It must bo ixincinbcreU tliat the reiffont la caustic and 

poisonous 


nt. 1 usually unntce sar> to filter ll C urirte E>cn urines containing large amounts o[ 

precipitates %%sii uauall> give clear solutions on bolllnir in tlic strontly alkaline reacent. 


JThe use of 19 mm te t tubes for hcatinsr tin. nditure of rei^ent ani 
Hater obviates any appreciable loss b> evaporation 


urine in bolUne 
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Ine color expressed as densitj at 5t0 m/i by a solution of creatin 

ne to 3 8 per cent m 01 cc of uiine added to the reagent and standing al 

stopped Eit'a fo\\'^ ^de^ltv boiled and thereby the deielopment of color 



Fig 3 — Tweritj test tubes containing samples of the same mixture at si') 

agent were boiled foi different periods of time The lariation in densitj Ucierin 
m/i after cooling leflects the statistical uncertaintj of the determination m 
IS possibly a sliglit increase in coloi from 2 5 minutes to 4 minutes 


Foi aecuiatc woik, the coloiimetiic deteimination shouW be ‘^‘'*^**^*^ 
withm one oi two horns aftei boiling, since theie is a small iiiticJse^J^ ^ ^ 
intensitY ot the coloi duiing the fiist tweuti-foiu houi-s as shown 
Aftei tw'entj -foui houis theie is a deciease in coloi The initial laliie o i • 


agaui in a couple ot dai s jj.j 

The method has the adiantage that the eiitiie laiigc of tin 

tious usually eiicounteied (0 2 to 10 pei cent) can be deteimmet w^ 
necessity of making diffeient dilutions of mine This not onlt 
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also elinimates an. important souice of mistakes in computation Using the Cole 
man Junior Speotiophotometei and 19 mm test tubes it ^\as found that the 
uliole range could he co^eicd b\ emploMiig 01 cc of urine to 10 c c of the 
reagent and determining the de\eloped colors at two diffeient na%e lengtlis 



Fip 4— xhe density after boiling as a function of the time during ^\hich Uie tubes remained 
at room temperature ^cti point Is the average of d\e determinations 

For lowei coneentiations up to 0 6 pei cent glucose 540 m/i was found to be 
optimal, wheieas foi coneentiations m the lange 0 6 to 10 pei cent 700 inp. was 
found to be optimal Poi othei t>pes of colorimeter oi foi this colorimetei 
'rith a diffeient sized tube a diffeient wa\e length nia\ be found to be better 
To avoid Inlstake^ it is piefcnblc al\vn\s to iccoid the densities of all samples 
at both of the two wave lengths 

It IS oidinanly lecommended that wa^e kn^tlis bt eniplo\ed ^oi which the 
iiUbstanee to lie deteimiiied has a inTsimum oi minimum of absorption This 
rouJd not be done in this instance since no such nia\imum oi minimum is piesent 
Using othei f\pes of colorimetcis it ina\ be necessary to dilute the leaetion 
mivtute If fao dilution with watci should be avoided since the color is unstable 
except in stiong solutions ot sodium h\ dioxide Dilution mi's he made with 
per cent sodium h>dro\idc which dots not influence tlie stabilitv of the color 
hi this ease the lengent lilanK used as i staiidaid must be diluted in the same 
pioportion It IS easier howevei to dilute with the itagent itselt in which 
case the reagent blank can he used unclnnged 

The colois of the solutions were found to be dependent to i considerable 
upon temperature Thus the duisiU ot the reagent ineiessed 20 per 
cent With an incieTse in tempentuic fioiii 20® to 30° C wheieis the density 
of the stionglj coloied solutions lesiiltiiio ftoin hi„h silo'll toncentrations 
^iici eases onlj 9 pci cent with the same clniit^c in tempciature Therefoie 
is nccessTij fust, to keep the lenient blank siul the icaction mixture at 
llie same tempentiiie ind, second, to tal c this tcmpci ituie into consideration 
lu the calculation To be safe, it is alwijs best to use one leageut blank with 
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Table III The Gllcose Concentration as a Punction op the Opticil Delsiti 
Along "Witli tlie Probable Value of tbe Concentration Are Given Upper and 
Lon ei Limits, Calculated in Such a Waj That the Probability la About 
09 Per Cent That the True Value Is to Be Found Within Them 


temperatupe 


% glucose 01 EQUIVALENT AMT OP OTHER 
REDUCING SUBSTANCE 


540 M/i 


PFOBVBLE 

value 


LOWER 
I IMIT 


% GLUCOSE OB EQUIl ILENT HIT OF OTHER 
REDUCISO SUBSTILCI 


DENSm 

PROBABLE 

VALUE 

LOVEP 

LIMIT 

\3nEi 

LIMIT 


52 

30 

31 

19 

54 

30 

33 

39 

50 

37 

34 

40 

5S 

38 

35 

41 

60 

39 

36 

43 

02 

40 

37 

43 

64 

41 

3S 

44 

06 

42 

39 

45 

08 

42 

39 

45 

70 

43 

40 

40 

72 

44 

41 

47 

74 

45 

12 

43 

76 

78 

46 

47 

43 

44 

50 

51 

80 

48 

45 

53 

82 

84 

49 

50 

45 

46 

53 

54 

80 

51 

47 

55 

88 

90 

53 

54 

49 

50 

57 

SS 

02 

94 

96 

98 

100 

55 

57 

58 

59 

60 

51 

53 

54 

55 

56 

50 

fll 

63 

63 

04 


700 M/i 
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Table IH — CfovT'D 


TEMIEftVTLRE 22 C 


% GLUCOSy OR EQUIVALENT AJCT 
REDUCING SUBSTANCE 

Op OTHER 

% GLUCOSF OR EQ UU VIFNT AMT 
REDUCING -SUBSTANCE 

OF OTIIER 

DENSITY 

PROB VOLE 
VALUE 

LOV\ ER 
LIMIT 

UPl fR 

LIMIT 

1 

DRV ITV 

PI OB VBLE 
\ VLUC 

LOWER 

LIMIT 

UPl CR 
LIMIT 

6‘^ 

64 

59 

69 

82 

92 

S 5 

0 9 

6i 

67 

62 

72 

94 

95 

8 7 

10 3 

60 

69 

64 

74 

S6 

00 

92 

10 r 

68 

7 2 

67 

77 





70 

74 

69 

79 





72 

77 

7 2 

82 





• 4 

80 

74 

86 





70 

82 

77 

99 





78 

86 

80 

02 





80 

89 

83 

9 






each lot of tubes boiled In tins nai one can be suic that there is no "leat 
tempeiTtiire difference between lenRcnt blank and reaction mi'cture Table 
in IS calculated for a temperatuie of 22° C For otliei teinpeiatures a coiiec 
tioii* must be made Table IV shows the \ allies foi this correction These aio 
applicable, no mattei what tj pe of colorinietoi is used 


Tible I\ Temperatire Corrections 


glucose CONCENTRATION FOUND 
FROM TABLE III 
(%) 

TEMPERATURE (C ) 

lo 

.0 

.0 1 

30 

35 

CORRECTION (So GLUCOSE) 

1 

00 

00 

00 

00 

01 

o 

01 

00 

00 

01 

02 

3 

02 

00 

00 

02 

03 

4 

02 

01 

01 

02 

04 

5 

03 

01 

01 

03 

Oo 

6 

03 

01 

01 

03 

06 

8 

04 

01 

01 

04 

OS 

10 

05 

02 

02 

Oo 

10 

15 

08 

02 

01 

09 

15 

20 

10 

03 

04 

10 

20 

25 

1 i 

04 

0(> 

n 

2 j 

30 

1 

Oj 

09 

lo 

30 

40 

-0 

06 

on 

20 

40 

50 

?ir 

08 

12 

2j 

50 

60 

9 

1 

1 

3 

6 

70 

4 

1 

1 

4 

7 

80 

4 

I 

2 

4 

S 

90 

5 

1 

2 

5 

0 

ion 

5 

2 


5 

1 0 


For computation of the sugar concentiation from the densitj a set of two 
cuncs can be used one for each of the two waic lengtlis Poi routine use 
howeier, a table such as Table HI is more coiucniciit and is less subject to 
eiistakcs in application 

It should be ponited out that the relation between dcnsiti and glucose con 
centration is not linear It is especiallj leniaikable that small amounts of 
glucose gi\e no coloi at all Thus a deiisita reading of appioxnnatelj zeio means 


lemr-E. clinical ^\o^k In which nppro-^lmato \alucs arc atfsfactoo and In which laboratory 
^^ratures \ar> onl> a few decree Ihia correction Is xinncccssaiy 
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not that theie is no glucose in the mine hut that tlieie is le»s tliau about 01 
pel cent Foi clinical puiposes glucose concentiations as low as this aie iisiialh 
of no significance 

Foi the puipose of lough estimations, wheie an eiioi of ±20 iiei cent is 
unimpoitant, the standaid cuive may be deteimined by applying the pie\ lousb 
desciibed pioceduie to Imoivii solutions of glucose It hiiiits of eiioi of about 
±10 pel cent aie leciuned, gieat eaie must be taken to make the staiidaul cuuc 
exact enough In this woik the following pioceduie was employed 

The glucose content of a eommeieial dextiose piepaiation ivas deterniiiicil 
by polaiimetiy' From this piepaiation a solution was made up, contaiiiiug a 
loioMui amount of glucose pei giam A poition of this solution was weighed 
out watei added to make a total volume of 1 c e , and 100 c c of leagent were 
added Aftei thoiough mixing, the solution was divided into ten poitioiis ui 
each of ten test tubes and heated in boiling water foi three minutes ilfter 
cooling, the coloi was deteimined in the usual niannei using ten diffeient tubes 
of reagent blank The average of the ten readings makes up one point ot the 
curve The figiii es in Table III aie i ead f i oni this standaid curve 

A number of calibrated color iiiietei tubes were used foi deteinimatioii ot 
the density of the same solution They were found to vary shghtlj , the staiida 
deviation being ±0 5 per cent Other coloiimetei error's ivere found to cause » 
standaid deviation of ±1 per cent The errors in deteimiinng the points on t it 
standaid curve, made in the previously described manner, were found to cause 
d standaid deMatioir nr the apparent glucose eoncentiatioii ot ±04 pei cen of 
values higher than 0 3 per cent glucose . 

The upper and loivei limits of error, given in Table III, "oie 
from these figures together with the previously mentioned pipette ' 

limits are deteimined in such a rvay that the piobabilitr is about pei 
that the true value is to be found within them 

The method desciibed is sufficiently accurate for clinical 
diet titiation, in the form in rvlueli it is earned out in manv chmea a ou^^^ 
that IS, without my precautions to prevent the oxidizing influence o 
IS much less accurate Titrations of eleven portions of a single samp ^ 
from a diabetic patient showed tlie followung percentages ot " |)n. 

0 9, 1 3, 1 2, 0 8, 1 0, 1 1, 1 9, 1 9 The piopoition between the lug i 


low'est of these values is 11101 e than 2 1 ^ ^ 

Intel fei ence hy Substances Othei Than Glucose In that 

w'as assumed tliat no sugars other tlian glucose were piesen rcagcid 

different sugar's gne difteient reduction lates with the ju uruit--> 

has been utilized by Exton“ foi tlie identification of these su s 
AVe hare found, however, that the relatne rates of reduction ce 
upon which sugar is 2)iesent but also to some extent can be 

Thus, further investigations must be earned out bet ore le 
adapted to loutine use for the differ eiitiatioii ot mellitunas unc 

Other 1 educing substances present in iiiine, such as b' 

phenols, and amino acids, maj iiiteifeie with the deteinu” 
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most of tlie methods in common use In oidei to test then effect on the piesent 
method, the following substances neie added to the reagent in amounts cone 
spending to veiy high concentrations in the mine 11 pei cent phenol, 22 pei 
cent salicylic acid, 10 pei cent acetone 30 pei cent uiea, 10 pei cent oxalic acid 
and 3 per cent uiic ocid None of these substances ga\c anj nieasuiable coloi 
The color produced by creatinine Ins been mentioned prevuoush , 0 16 pei cent 
creatmine in the urine uas found to gue a densiti of 0 03 aftei standing at 
room tempcratuie for an hour For most clinical purposes leduction b\ cieatin 
me can be neglected 

A number of mines fiom dogs weit detenmned both b> this method and 
bv the Benedict titration (Table V) In aliout half of the ‘iioimal” urines the 
Benedict method jielded consideiable amounts of i educing substances the 
maximum being 0 9 per cent expiessed as glucose equivalent and values of about 
0 6 pel cent being vci’j common In one sucli mine no feinientation occurred 
with yeast, whereas a nonredueuig mine to winch was idded 0 6 pei cent glucose 
gave a slight fermentation In contrast bv tlie dinitrosalic>lic acid method 
much lower reducing values weie found in tlie same urines usualh about half 
as much as by the Benedict titiation indieatino a higher degiee of specificity 
of the pie&ent method 

Table V Reducing Powep of Diubrent Svmpibs op Doo Urines vs Determined by the 
Benedict Method and by the Dimtrosvlvoilic Acid Method 


Values Are Expressed as Per ( eut Glucose Equivalent 


BENEDICT 

UlMTROS VLICY UC ACID 

01 

I ess tlian 0 1 

0 2j 

01 

07 

0 26 

0 33 

0 15 

0 25 

01 

0 6 

0 27 

06 

0 24 

0 83 

0 44 

0 6 

0 33 

Lees than 0 1 

J c s than 0 1 

04 

0 14 

0 36 

0 12 

0o8 

0 36 

0 56 

0 30 

0 40 

0 36 

0 51 

0 23 


SUMMARY 

A modification of Sumnei s method has piovcd \erj satisfactoit as a loutiiie 
I'ethod for the determination of glucose in urine The pioccduie has the 
“diantago that the entiie range of glucose concentiations fioni 0 2 to 10 pel 
'“'It IS coiered iiithout using diffcieiit dilutions of the uiinc The limits of 
"tor aio iiitliin ±10 pel cent for concentiations hi„hci tinn 0 3 pei cent glucose 
^or such concentiations the influence of noiisugar leducing substances can he 
'otfjCh neglected This method is thus moic specific than other routine nietliods 
*£ sugaisi othei than glucose are piesent hoiieicr erroneous icsults mil bo 
olJtained 
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A SlilPLE METHOD TOR DETERJUNING SULFONAMIDE 
SENSITIVITY IN VITRO AND ITS CLINICAL APPLICATION 

Fritz B ScH^VEINBURG, M D vnd ^Vlexander M Rutenburg, M D 
Boston, Mass 

T his communication descubes a simple method for the deteimmation of tlie 
relative sensitivity of a ^i\en bacteiial stiaiu to diffeicnt sulfonamides A 
metliod foi this puipose has not heietofoie come into clinical use in pait because 
\anous substances contained m the usual culture media, particularly peptone,^ 
prevent a deteimmation of tJie absolute aiitibacteinl effect of sulfonamides 
Special media vvhicli do not contain such inliibitois ]ia\e been piepared, ^ but 
the techniques imohed aie too laborious foi piactical clinical application 
Peptone containing media howevci, if propeilj prepared, can bo used foi deter 
nunuio the relative antibacterial potency of vaiious sulfonamides against a 
given bacteiial stiain The method described below enables one not only to 
determine the sensitivity of a given bacterial stiain to a senes of sulfonamides 
but also to choose the most potent ouc 


METHOD 


Nutrient broth (Difco) contnunug 0 5 per cent peptone uas adjusted to a pH of 8 2 
iQ order to obtain niaximuQi solubility of tho sulfonamides TIio amount prepared uas su^ 
went to serve for all procedures of the entire study For growtli of the more fastidious bac 
t«ria the pH uas loucreJ (pU 7 0) and horse scnini (5 per cent) and glucose (1 per cent) 
irerfl added Serial dilutions of each of a 1 000 mg per cent stock solution of tho various 
wlfonannclcs were prepared in concentrations of 7o0 500 200 100 oO 25, nnd 10 mg per cent 
respectively One cubic centimeter of each of the eight dilutions was placed in Wassermaun 
tubes. To eacli tube was added 0 1 c c of a bactenol suspension prepared by diluting an 
Eighteen to twenty four hour culture so tliat 01 cc contained 1 000 to 20,000 bacteria. A 
control lube containing broth and no sulfonamide uns inoculated with 01 cc of tho same 
bacterial suspension 

Such small inocula were used because for some strains large inocula aro said to de 
pres the activity of the sulfonamides* The broth prepared as described uas used to pro 

all stock solutions all tho dilutions of the sulfonamides, and the bacterial cultures and 
dilutions The tubes were incubated for twenty four hours at 37 C The lowest concentra 
bon of each sulfonamide uhich completely inJiibited macroscopically visible growth uas taken 
^0 bo the bactericidal titer Tho concentration of each sulfonamide which produced a recog 
Dirably lesser degree of turbidiU than tho control tube uas considered to be tho bacteriostatic 
titer 


\\e are aware of the fact that this method of reading an in vitro test is somewhat in 
accurate The last clear tube may contain a small number of viable bacteria, which may be 
destroyed wuthin anotlier twenty four hours or may start to multiply after twenty four hours 
'•ave elapsed Also a tube macroseopieally ju t as cloudy as tJio control tube might wlII con 
|am fewer organisms than the latter Howoer for practical purposes these possibilities can 
Neglected, as will bo shown in the discussion of tlie results. 


the Ivlrstein Laboritor> for *;urBlcal Research B th Israel Hospital and the De 
•imcnt of feurecrj Harvard Medical School 
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RESULTS 

Two hundied baeteual stiains weie studied idaikedly difteient action 
was obseived by ^aiious sulfonamides on many stiains of Eschcnclm coh, Am 
'bade) aeiogenes, Klebsiella ‘pneumoniae, Ebeiihella typlii, Salmonella siholl 
mullet t, Salmonella entetitidis. Bacillus proieus vulgaiis, and Pseudomotuh 
aetuginosa and among some stxains of Staphylococcus auteus hemohjlmts, bat 
only larely on vaiious stiains of liemolj tic stieptocoeci and pneumococci Some 
bacteiial strains of each of these species were equally lesistant iilule otheis were 
equally sensitive to all sulfonamides studied Griam-uegative cocci and gram 
positive bacilli were not examined Table I provides a few significant examples 


CLINICAL OBSERVATIONS 

The ebnieal mipoitance of such tests foi selecting the most effective sulfoii 
amide is emphasized by the followmg lepiesentative case histones 


Case 1 — A 25 year old man mth pueuuiouia of the right upper lobe was tre ited with 
large doses of sulfadiazine for tliiee dajs without effect At this time, the process 
to the right middle lobe A pneumococcus Type 1, isolated from blood iiid sputum, was 
completely resistant in vitro to penieillin, sulfadiazine, sulfamerazme, and sulfamethania 
The bactericidal titer with sulfathiazole ivas 100 mg per cent Adnnmstration of sulfidhnzoi- 
in adequate dosage led to recoi ery within thirty six hours 

Case 2 — A sequestrectomy was perfoimed in a girl of 10 with osteomyelitis of tht 
right tibia of four to five weeks’ duration Penicillin and sulfadiazine were a niiuis cn.^ 
without effect Temperature remained high A hemolytie, coagniaso positn c 
isolated from the draining sinus in pure culture, was completely reaistau m vi 
penicillin, sulfadiazine, sulfamerazine, and sulfamethazine The bactenci a ' ^ 
sulfathiazole was 250 mg per cent Following sulfathiazole therapi, fever rap 
elined, drainage subsided, and the patient recovered 

Case 3 — A 70 year old womau with acute postoperative i^oni 

was treated for five days with full doses of sulfadiazine without effect c s 
pletely resistant in vitro to sulfadiazine, sulfathiazole, sulfamethazine, m 

The bactericidal titer with Nu 445 (3,4 dimethyl 5 sulfanilanndo isoxizoley^was^^^^^^^^ 

cent There was complete clinical and bacteriologie cure after three dais o 

Nu 445 ^ 

Case 4— A 40 year old woman with acute pyelonephritis and cystitis i! 

w as treated for six days with full doses of sulfadiazine w ithout miproveniea 
titer with sulfadiazuie, sulfathiazole, and sulfamethazine was 500 mg c,x dayJ 

Nu 445 it was 250 mg per cent Clinical and bactenologic cute was ac lev 
with Nu 445 ^ 

Case 5 — ^Following prostatectomy a 59 year old man tlnrip' "itli 

bilateral pyelonephritis due to A aerogenes and Ps aetuginosa re oiiai 

sulfadiazine and later with sulfamerazine was meSeatne Both tjie 1 atra<a^“* 

to sulfadiazine, sulfamerazine, and sulfathiazole The bactenci a i 'prcil“'‘-’* 

with sulfamethazine was 100 mg per cent, of the Fs aeritgwo^a, -o 


with this drug rapidly cured the infection lo 

Case O — ^A 66 year old woman following perineorrhaphy derelop^^ ^^itliwit 
Fs aeruginosa and JS faecahs alcaligenes Penieillin m large pit i-iet 

vitro tests showed a bactericidal titer for the B alealigtnes o ^p,„pkttb rt"'-''’’’ 

diazine, sulfathiazole, and sulfaniethazme The Fs aeruginosa 


aeruginosa w is cou‘P 



Table I CoJiruL\Ti\E in virro SENsiinm of Several Strains op a Gi\'en Species of Bactepia to ^ atious Sulfonamides 
(Size of Inoculum, 2,000 to 8,000 Bvctetia, Titers in mg % of Drug in Nutpient Broni) 
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sulfadiazine and sulfathiazole The bactericidal titer with sulfamethazine was 100 mg pa 
cent Sulfamethazine adnunistration led to complete climcal and bactenologic cure \nlliin 
tliree dajs 


DISCUSSION 

The method deseiibed is based on the assumption that the inliibitois cou 
tamed m the bioth do not affect the lelative potency of the sulfonamides used 
m these tests, even if they do substantially lowei the absolute potency From 
the available evidence^* ® it appears that the same amount of inhibitor afiects 
sulfadiazine, sulfathiazole, and sulfapyiidine equally “Wliile such data are not 
available foi sultamethazine oi Nu 445, om expeiience suggests that this is 
piobahly also the case for them 

Although the action of a sulfonamide on a given strain is stionge- the 
simplex the composition of the medium,^’ ’ we observed that the mailed dilter 
ences in lelative potency of the various sulfonamides on a given bacteiial stiam 
weie exactly the same whethei a simple synthetic medium oi a bioth was used 
(Table II) The diffeienee iii potency is of the older of one to two tubes This 
obseivation indicates that the foiegomg method is sufficiently accuiate lor 
loutme laboratory work 


Table II Compafison op Bactericidal Titers in mg Pee Cent of Strains oi Lscu con 
IN Nutrient Broth and in the Synthetic Medium of Eohn ald Harfis? 

IN Various Sur fon \iiiDES 


STFAIN 

KUMSER OF 
BACTERIA 

ilEDlUil 

(pH 7 2) 

SD 

SM 

SMT 

ST 

rsT 

NU Ha 

E coll 1 

2,000 

Broth 

750 

750 

250 

100 

250 


Sjnthotic nied 

250 

250 

50 

mi 

500 


E coll 2 

4,000 

Broth 

1,000 

750 

500 

Synthetic nied 

750 

500 

250 



250 

_100 

IjO^ 

E coll 3 

3,000 

Broth 

nnffQH 

1,000 

750 

Synthetic raed 

750 

750 

500 

E coll 4 

4,000 

Broth 

500 

500 

100 

m 

QT SUl 

250 

atiilazolc 

aOO 

7~r^ 

SjTithetic med 

250 

250 

50 


sulfathalldlne Nu 445 3 4-cliniethyl-5 sulfanilamido-iso\azole 

Similar comparative tests done with strains of A aerogenes, 
aeruginosa gave similar resalts 


prolcus vnJgaris and P> 


Fiom the close con elation between lesults of them vitio oP t!ie 

peutic effect, two further conclusions may he diawn (1) , j. p[,g i,jcfcuo 

sulfonamide should be made on the basis of the bactericidal an u 

static titei The gap between the two titeis vanes ivith _f 2 £,;n oim 

While they are occasionally identical, the bacteriostatic titer is suhoii 

tube to three to foui tubes removed fioni the bacteiicidal ti ^i 231' 

amide exciting bactericidal action on a gnen stiam mu Ii tiie'^ui. 

mg pel cent oi lower is very hkely to be theiapeutica y ,j„g3tion3bii 

teiicidal titei is 500 mg pel cent, the clinical action of t le ^ Suhe" 

but the diug should be tried if a more effective agent ls no a\^ 
amides wuth a hacteiiciddl titei of 750 mg per cent oi 
peutically effective 
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This study emphasizes the fact® tliat the sensitivity of diflerent strains of 
a gueii species of bacteria is extiemely vaiiable Some strains may be very 
sensitive and others completeh resistant to the same sulfonamide 

SUMM \B1 

A simple method for determining the in vitio effect of ^a^lous sulfonamides 
on a giien bacteiial strain is described Chnical experiences aic gi\en showing 
the importance of the coiieet choice of sulfonamide 

The fact that a majority of the shams of a given species aie usually aeiisi 
tive to a sulfonamide does not assure a theiapeutie effect in a given instance 
Hence it is frequently necessai’y to dcteiniiiie the lelatne sensitivity of the strain 
lesponsible for the infection to a seues of sulfonamides 
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A MODIFIED ULTRAVIOLET SPECTROPHOTOiMETRIC 3IETII0D FOR 
QUANTITATRLE DETERMINATION OP BARBITURATES 

T C Gould, M A , and C H Hine, JI D , Ph D 
SvN Francisco, Cauf 

INTRODUCTION 

T he thiee diug depiessions most commonly eneomiteied m clmical mcdieme 
aie due to the excessive absoiption of alcohol, hiomides, oi baibitmates 
The fiist two of these agents may he deteimmed leadily, botli quahtatuch 
and quantitatively, bj'' well-established cbnical laboiatoiy techniques The 
qualitative detection of baibituiates also can be earned out until a fan degiee 
of success by the Koppanyi method piovidiiig sufficient blood oi mine samplc'i 
aie available Howevei, until lecently, quantfficatioii of the baibituiate Icich 
in seia was not feasible smee large quantities of blood weie necessaij 

Recently, speetiophotometiie techniques foi quantitative baibitiuatc de 
teimmations in seia have been pioposed by otheis^’* These techniques aie 
extiemely sensitive, so that an aceuiate baibituiate deteiiiiinatioii can he 
made on as little as 1 ml of blood The method developed m this laboiatoi) 
has a distinct advantage ovei pievious methods in that it can be applJc 
duectly to seium extiaets with the elmiination of iiiteifeience due to seriuu 
and leagent blanlis We have used this pioceduie as a diagnostic aid in o\u 
fifty cases of baibituiate intoxication dining the past yeai and haie fol oiie^ 
the blood levels of a number of these patients dining then couise of lecoicn 
in the hospital „ 

Deteimination of baibituiate seia levels aids the clinicidii in eia «a i>>o 
the lelative eftectiveness of vaiious theiapeiitic measmes he employs m 
tieatment of baibituiate intoxication 


EXPERIVIENTAL 

General Description of the Method — The barbiturate is extracted tU 

la a semimicro continuous extractor using diethjl ether The ether Puflir ot I'H 

barbiturate residue is brought into solution as the sodium salt usmg o ji^^^trojdioloaatLr, 
9 0 Optical densitj of the solution is determined bj means of a BecKniau ^ 

and the amount of drug present is calculated using a standard turve prepa 


which eliminates blank serum mterference uiducace ot pR 

Importance of the Influence of pH on the Absorption Spectra reported br 

on the absorption spectra of barbital and the 5,5 disubstituted bar ' toahrm’il tb' 

Elvidge,3 Stuckey,! and more recently by Walker and co workers i solution at var'ii-s 

studies by measuring the absorption curies of six barbiturates m '*'**'^ parbital, 

pH values between 7 0 and 12 0 The barbiturates studied were for tai'iJ) 

barbital, Cjclopal, pentobarbital, and phenobarbital The absorp^i^^ ^ 

which are similar to those of the other barbiturates tested, are sio cid 

From the Diiision of PharmacoloeJ nud experimental Therap 


foriiia iledical School 


auu — ^ Hli ai 
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The observation, as reported Goldbaum that each barbiturate gives a characteristic 
absorption curve at pH 11 or greater suggested the possibility that the ratios of the optical 
densities at specific na\c lengths could be used as criteria for the diiTerentiation of the 
various barbiturate derivatives The use of this means of identification is of little practical 
significance m clinical analysis houevtr amce the marked ab«!Orption due to blood or serum 



usually obscures not only the cliaracteristic maximum but the other critical portions of the 
cunc. Tlie greatest amount of absorption per unit concentration is obtained between the pH 
values 9 O and 10 0 Within this range of alkalinity all 5 5 disubstituted barbiturates develop 
peak absorption m the uavo length range from 239 to 240 millimicron’s Although it is not 
Po sible to differentiate any one of the barbiturates by the shape of its absorption spectra 
ui tins pH range, the type of curve obtained with its steep slope is least bkely to be obliterated 
by interfering serum blanks 

Thus the optimum pH range for measurement of the absorption spectra of barbiturates 
'vas found to he between 9 0 and 10 0 In the detcrminutiou of drug levels in serum unless 
•bo solution 18 carefully mamtained in this nngo of ulknlinitv \ ination-? may appear m the 
‘ksorption curve which guo erratic result’* With reference to Fig I, it is evident that 
'uu'^uremeut of optical density at a pH of 11, rather tiian from 9 to 10 would result in 
about 83 per cent recovery For this reason wo have used a borate buffer of plf 9 5 
^ •bo soheut in the determination of barbiturate absorplioa 

^’ittrfcffiice h\j Serum Blanks — Interfering ah orption by ether or chloroform cx 
facts of scrum proved to bo a problem of considerable difllculty In experimental work 
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a blank serum specimen can be determined prior to the administration of the dru^', and, 
provided no change occurs in the blank, a correction factor ma} be applied for the seh t 
quent barbiturate determination In clinical and forensic medicine, hoivoier, the»o blank 
samples are rarely available Thus, the amount of absorption due to serum itself is un 
known, and the accuracj of the quantitative determination of the drug is subjict to a 
variable degree of error 
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A satisfactory method of correcting for the interference of absorption duo to 
serum and reagent blanks was dovJoped in this laboratory by adapting a procedure 
described by Tunnicliff The correction can bo applied to extracts niado directly from 
serum without preliminary protein precipitation Fig 3 illustrates an actual problem 
demonstrating that the curve obtained from any clinical specimen (pentobarbital m serum) 



, Riff 3 — Absorption cunes of ether extracts of serum anU pentobarbital In eruin uni 
pentobarbital cur\e AU ab orption curves were determined In borate buffer at pH 
The pentobarbital concentration \ as By per milliliter 


tlio additive eflfect of the blank serum curve plus the actual barbiturate curve It is 
evident that the peak absorption D cannot bo used as a uicasurciucnt of drug concentra 
bon since an unknown fraction of its magnitude is duo to scrum ab orption The method 
"c have adopted is based on the observation that the absorption curvo of normal blank 
*era conform approximately to a straight hue m the range of wave lengths from -25 to 
Co niM (Fjg 2) Thu w ith reference to Fig 3 if a base line is draw n bctwcLO the optical 
lensity values d and d a value d, is obtained which serves as on adequate in lex for 
'he amount of barbiturate pre cut since it is directly proportional to drtif, con eutration, and 
is not sigmhcantly iltcrcd by ermu blanks This d value nny b obtained cither graphically 
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bj plotting the three values, dj, D, and d„ and driuing the bise lino djd,, or b) simple 
algebraic calculation using the equations 

d = D - d. ( \) 

5 3 

iiliere d. = -^dj + -^d, (B) 

The derivation of (B) is as follows 

ds — d, ^3 — X, ,p, 

d - d, — X, - X, ^ ^ 

d = d3 (X - X,) _ d. (X - X,) 

(X3-X,) (X3-X.) 

Substituting uaie length values 111 Equation (D) and solving 

d. = dj (240 - 265) d. (240 - 225)^,^^ 

(225 - 265) “ (225 - 265) ^ 

■winch, results 111 (B) 

d = |-d3 + -|-di (I^) 

A practical example will be cited to illustrate hoi\ the calculation m n bo applad 
(Table I) Following the regular extraction procedure the optical densiti nas dcterniinci 
on, I, a blank sample of human seium, and EH, the same serum to ■nhich had been ad c 
a known quantity of pentobarbital II represents the standard absorption cuno of t a 
concentration of pentobarbital present in the seium Table I includes the data as ca cu 
lated algebraicallj using Equations (A) and (B) Fig 3 illustrates the exainp t, 
graphically 

Table I Illustration of Accubaci op Calculation of Barbiturate Concfntrvtion 


B\ THE Basl Line Method 


— == 

■\VA\ E 

LENGTH 

SYilBOL 

OPTICAL DENSITV 

BLA^K SERUM 

I 

PENTOB VKBITiVL 

II 

IV SE^U^[ 

III . 

0432 

0 553 

0 173 ^ 

225 m;a 

240 mu 

265 m^ 

da 

D 

d* 

0 295 

0 235 

0150 

0 137 

0 320 

0 033 

/ pe 

d. 

d 

r ml 

- 

0 094 

0 226 

60 

0 330 _ 

^ Ts m 


Bj the use of this method the interference due to serum blau s yjj jnr 

eliminated In the foregoing example, the calculated lalue of \ ^ iipo'* 

cent of the actual level In practice, the aeeuracj of tlie method (g joi lunj 

nature of the blank serum absorption curie The curve as a nhole, " g,,( i,m, bo»'.H6 
not alwajs tomcide exactlj nith the base line djd. Tins is not of gm gnd lla h> '■ 

since it IS the amount of deviation m optical density between the tpe Lvamidi- 

line at 240 mu which is significant This deviation is rarel} more 1 1 m intcrfcna'-'- ■’ 

given, 0 006 optical densitj The dependability of tins correction 
reflected in the data contained in Table II 

PKOCEDURE _ gf ,iul.l» i 

1 One milliliter of serum is plited m the extractor, and rrou^^ ^plumes of ''ruo' 
water are added, depending upon the volume of the extrntor iro 
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be used ulien available ApproMniatelj 30 ml of diethyl ether are placed m the receiving 
flask.* The apparatus is assembled as sliomi m Fig 4 the ether being evaporated m a 'water 
bath regulated bctwceu 50 and oo C In the event that emulsions are formed at the interface, 
they are readilj remo\ed by addition of a few crystals of anhydrous sodium sulfate ■\^^len 



extraction is complete (fifteen to si\tj minutes) the etlnr may be evaporated into a clean 
extractor and saved for redistillatiou Tlie receiving fla^ks containing the barbiturate residue 
bo completely dry before addition of the borate butter This is best accomplished by 
placing tlieui m a drying oven for a few minutes 


^ea«7cnfa Dieth>l ether technical grade XX ashed with dlstmed water treated with 
ulfate dried with anli> Irous calcium cliorlde and r distilled preferabl> over metallic 

BOtliuin 

Bomte buffer 0 2M boric acid CP ...... 

0_il poll lum chloride Cl —Solution V 
0 2M sodium h> Iroxldc C P —Solution B 

P spared according to Peters an I X an si>ke to pH 9 i i /t i r-r-i 

Wn. 4PP<>ratns Scmlmlcro continuous extractor with coni n er and receiving flask (Fig 4) 
water bath with Uiermo tatlc control ranging from 4) to C Beckman Model DU Ultra violet 
Pectrophotometer with 1 cm quartz absorption cell 
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Table II Eecovepies op Baubitukates Added to BoAvir 
(Levels Were Calculated by the Base Line Method) 


NUMBER OF 

determinations I 


11 

14 

12 

10 



*Xhis iucIucIgs one stcindiiid eiroi 


MICROGRjVMS 

ADDED 

A'ilL'GE KECO'EIU* 

(PER CE\T) 

14 4 

20 0 

75 Q 

100 0 

92 2 ± 2 75 

98 5 + 1 95 

101 3 i 1 28 

95 7 ± 1 81 

of the mean 


2 Wlien dry, tlie barbiturate residue 
measured quantitj of borate buffer (pH 9 5) 
pending upon the concentration of drug present 


IS brought into solution witli an accurattl) 
A volume of 2 ml or more iimj be u'tJ, de- 



Pie 5 Standard concentration cur%e3 of a few representative barbltuiates Tlie optical ilcndu 
IS measured in d units calculated fi oni Equations A and B 

3 With the barbiturate present in the alkaline form in the pH range from 9 0 to lOO, 
absorption is determined at three wave lengths, 225, 210, and 205 ni/i (dp O, md d, r<.sp<^ 
tuely), and the d value is calculated by using Equations (A) and (B) 

4 Barbiturate concentration in the borate buffer is deterniiiicd bj rcicKine to 
standard curtc (Pig 5 ) 

The value may be expressed as milligrams per cent in the sen according to tbo equal 

/B 

Mg per cent of barbiturate = 

where y — micrograms of barbiturate read from the stand ird curve 

B — milliliters of borate buffer 

5 =: milliliters of s imple 

Accuiacu of the -lie»(ocZ —Table II includes data txoni a 
ments to deteimine the acciuaey of the method Known 
bituiates weie added to noimal seta (beef, hoise, and human) ot 'O 
optical density levels The samples weie deteimiiied aceoiding to [leulin 
duie outlined in the pieceduig section with 1 ml seiinn and m all nf' 
base line method was used to deteimme the diug lei cl Km' >> 
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pentobarbital, phenobaibital and Seconal were the lepiesentative barbiturates 
included in the study No significant diffeience between the leeovery of the 
111 e barbiturates avas noticed 


niSCDSSION 

Base Lme Method of Calculation — The tliiee avaae lengths, 225, 240, and 
265 m/i, Mere empiricallj chosen since this combination of nave lengths lesulted 
m the greatest d value pel unit concentiatioii Foi the actual barbituiate curve 
(Pig 3), the farther removed the values dj and d, aie fiom d the greater the 
d mdev There are, liowei er certaui hmitiiig factors at iv ave lengths less than 
22o mfi there is a sudden steep rise in serum absorption as barbituiate absoip 
tion falls off Beyond 265 inp, although serum absorption is gradually becoming 
less, the drug absorption also deci eases The ware length 240 ni/i is the logical 
place for the D ahsoiptioii since peak absoiptioii occurs here 

Interfering Substances — Theie are three types of compounds of clinical 
importance which might cause interference in the barbituiate determination 

1 Sulfonamides Although all\aline solutions of sulfonamides elicit absoip 
tion m the eiitical lange of the baibiturate spectrum thej may be almost com 
pletelj eliminated rrhou piesoiit in seium by the process of extraction By 
carrying out the extraction procedure at the pH of serum, only negligible niter 
ferenoe by sulfonamides was obtamed uith let els as high as 10 mg pei cent 
ui seiuni The absoiption emve of the small amount of sulfonamide which is 
extracted is such that at 240 nip there is no deviation of the curve fiom the 
djdi base hne The following sulfonamides were tested at concentrations of 10 
ttg pel cent and weie not found to interfeie with the deteiminatioii sul 
fanilamide, sulfadia/ine siilfaguamdine, siilfapyndine, sulfainerazine sulfa 
thiazole 

2 Salicylates The salicylates give absoiption cuives with tno maxima one 
in the ciitical lange of barbituiate absorption and the othei beyond the limit 
nliere absorption of the non tlno type of barbituiate occure Sahcylates can be 
identified easily by then chaiacteristic absorption curves and conscciuently 
should not be mistaken for barbiturates There is at present no satisfactory 
method of ehmmatmg their interference 

S Products of Barbiturate Metabolism In the metabolism of the nonsulfur 
contammg barbiturates the splitting of the malonyl urea ring yields a compound 
which does not produce mterfeiing absorption in the ultraviolet range It is 
possible that alterations of the baibiturate other than breakdoevn to a ureide 
could yield metabolic products which would contiibute to the absoiption 
spectrum Whether oi not these compounds would be extracted by our method 
and whethei oi not then absoiption cuives could be differentiated from those 
of the parent compound aie pioblems whicli are in need of fuither iincstiga 
tion 

In cases of barbiturate intoxication nhcie the identity of the barbiturate 
m not known, theie is an inherent erioi in all speetiophotonietiio methods, 
since baibituiates diffci to some degiec in their molecular extinction co 
efficients hioni a practical standpoint this difference is not of great im 
Portance It has been our piactiec avhen the ingested baibiturate was not 
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Imowii 01 could not be qualitatively identified to e\piess, tlie seia lei el iii 
terms of pentobaibital, since the d values foi tlus compound aie closest to the 
mean of the commonly encounteied baibituiates 

SUMMARY 

A method foi quantitative baibituiate analysis has been developed vliieli 
has the follouung advantages 

1 The mteifeience due to absoiption of leagent and seium blanks is 
eliminated by means of a giaphie solution oi a simple algebiaic calculation 

2 Caiefiil legulation of pH in detei mining iiltiaviolet absoiption in 
Cl eases the accni acy of the detei mination 

3 Samples as small as 1 ml of seium may be e\ti acted dnectly without 
pieliminaiy piotein pi ecipitation 

4 Theie is a considei able economy of glasswaie and leagents imolveil 
as well as ease of exti action 
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FAT DBTLRHINATION IN FECES USING ilOJONNIER 
EXTRACTION FLASKS 

UlLA SODERHJELM, jMeD LIC AND L VUS SoDERH JELM jMed LiC 
Gvlveston Tex vs 

TN FAT balance studies the methods commonly emploved foi the deteinunatiou 
1 of the fat in feces have not been particulailj satisfactory Tlie proceduie of 
drjmg the fecal specimens is eumbcisome and time consuming and an eiroi is 
intioduced because duiing the drying and giinding process pait of the feces 
sticks to the walla of the receptacles Extraction of fat vvitli the Soxhlet ap 
paratus is difficult where the water piessure is not constant and the water is 
not sufficieutlj cold to condense the ether vapors This lattei feature is par 
tieulailj significant in warm climates Extiaetion methods employmg wet 
feces are simple and efficient but it is difficult to avoid emulsification in extiac 
tion with alcohol and ethyl ether, hence centnfugation is often necessaiy 


METHOD 


An adaptation of the Roesse Qottheb fat extraction metliod applied to wet feces and 
using Hogonmor extraction flasks was sut,gestcd by Hilda F Wiese of the Department 
of Pediatrics 

The feces are washed with distilled water into a tared gar or a Waring Blendor for 
ouing Water is added to make the sample sufficiently fluid to be drawn into a pipette 
The total weight of feces and water is taken After thorough mixing cither in the Waring 
filendor or with an electric stirrer winch con bo inserted dircctlj into the weighed gar, 
3 to S ml aliquots are withdrawn and transferred directlg into the bottom chamber of 
the weighed Mogonnier fat extraction flasks The extraction flasks are weighed directl;^ 
on an analjtic balance If the total fat excreted is to bo reported on the drj basis 
separate aliquots are measured out for tho dotorminalion of total solids 

For the extraction a few drops of concentrated HCI are added, then 12 to 15 ml 
per cent alcohol The flasks aro tiglitl> stoppered and shaken for thirtj seconds Then 
0 ml ethyl ether are added the flasks are stoppered and almken \igorousIj for sixtj 
seconds This is lollowed with 25 ml petroleum ether and the shaking is continued for 
seconds Tho flasks aro then allowed to stand ten to fifteen minutes for complete 
separation of the ether lajer The Slojonnier fat extraction fl isks are o constructed that 
the etlier lajcr can be poured off directlg into weiglied containers for eiajioration of tho 
soKcnts without danger of contamination from the aqueous ln\er (See Iig 1) The 
extraction procedure as repented using 5 ml 95 per cent alcohol 15 nl eth^l ether nnd 
35 ml petroleum ether If the fat content of tho fcccs is \or^ high it maj bo necessary 
to make a fourth extraction Just before the last ether lager is poured off sufltcicnt 
^nter is added to fill tho bottom chamber so tho ether lager can be n.mo\ed completeh 
The ether extracts are eiaporatcd on tho water both the flasks are dried in a desiccitor 
and weighed With tho tl^cll proportions of alcohol and other emulsions rarelg occur 
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p Research Vaslstant and VisitlnfT L cturer resjiectUely UnliersUi of Texas Clilld HcaltJj 
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iiju Mojoniiier fat extraction fia ks are manufi cturc 1 b> Mojonnler Brothers Conipani 

West Ohio bticet Chicago 44 111 
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ever, if emulsification results, tins can usually be broken by the iddition of i snnll 
amount of alcohol Also, it is sometimes desirable to re extract the fit residues iiiih 
petroleum ether alone These can be filtered readily through fat free cotton inserted into 
a small funnel 



Fig 1 — Mojoniiier flask used for fecal fat cxti action 


RESULTS 

In fifty consecutive duplicate deteiniiiiatioiis, foity-tliiee showed a 
ence of less than 2 5 pei cent Two of the samples contamed less ^ 
cent fat and the diffeiences lieie weie liighei (3 3 and 61 pei cent) 
specimens weie obtained fiom infants who weie niaintamed on a sKinimc 
mixtuie In the othei five instances, difteiences of 3 3 to 51 pei cen 
obtained These lattei deteiiiiinations weie made at the beginning of t 
and the maximum vaiiation of 5 pei cent m duplicate samples seemc 
factoiy, hence they ueie not lepeated 

The method desciibed offeis seveial advantages Theie is httle oss o 
m the piepaiatioii and transfei of the mateiial The extinction 
pleted in a veiy shoit time and emulsification laiely occuis UuP 
agieed within naiiow limits, except in two instances wheie the fat con 
less than 1 pei cent of the sample 



THE SISNIPICANCE OF CHOLESTEROL VARLA.TIONS IL 
HUMAN BLOOD SERUM 


LesteeM Morrison M D , Willi im T Gonziles, MD , and 
Lilllvn II ill, M D 
Los Angeies, Ciup 

TT has been pointed out that the liteiatuie dealing iiith serum concentiations 
1 of lipids and cholesterol is filled with conflict* * These inconsistencies ap 
peai to be accounted for by differences in technique and the unreliahihtj of 
certam methods now widelj used This subject has heeu levieiied adequately 
elsewhere* ‘ Accordingly, a modification of the Sperrj Sehoenheimei method* 
has been employed f oi cholestei ol, as developed hj Chaney and LoveU * This 
modification has been checked against the original Sperry Schoenhemiei method 
and also against other pioceduies m wide use The lesults again emphasize the 
need for adhenng to the fundamental principles of the Speii’j Schoenheimer 
proeedute and denionstiato that wide laiiations in results aie likely to occur 
m other methods whieh do not adequately contiol the Liebemiarm Burchard 
color reaction The modification of Chaney and Lovell appieciably curtails 
the time required for the proceduie and reduces the complexities of the original 
Sperry Sehoenheimer method while maintaining its accuracy 

The need for standardization and perfection of such technique has been 
even more emphasized by the lecent lenewal of inteiest in and investigations 
into the role of fat metabolism in the production of aiteiioseleiosis and in par 
ticular coronary thrombosis Recent studies suggested tliat seium cholesteiol 
levels are subject to variations undci ceitain conditions in the same subject 
at different time periods We therefore undcitool an investigation into these 
circumstances of variation and present the following i esults 

The additional value of such an inquiry would be m supplying furtliei 
entena on which to evaluate the role of certain lipotropic agents, such as 
chohne, mositol, etc These have been recently employed both experimentally 
and eluucaUy as “decholesterizing’ agents in arteiioscleiosis ‘ “ Changes m 
scrum cholesterol values weie leported* following the use of these agents 

clinic VL 11 VTERLIL 

Two or more fasting serum cholesterol tests were made at intervals m 161 subjects 
were divided into four groups Group A consisted of thirtytwo normal individuals 
^ho were free of any clinical symptoms or demonstrable evidence of any illness. These 
subjects served as the normal controls Group B was selected as a control group comprising 
thirtj one patients who had varied illnesses such us chronic peptic ulcer, chronic 

, From the Medical Division Los Ancclcs County Ho pltal and the Department of In 
vernal Medicine Collese of Medical Esangcllsts 

,, , ^^Ided by grants from Uie Research Fund Los Vngcics Countj Hospital and Commercial 
solvents Corporation 

. Appreciation is ejcpresscd to VIbert L. Chancy Th D and Perla Berlin B S. for their 
UH in these studies 

Becel\ed for publication Ma> 21 1949 

The JoDBN \L OP Laborator\ vnd Clinicu. Medictne Not emdeh, 1940 \ol34 No 11 

14i3 



1474 


JIORKISON, GONZALES, AND HAT.T. 


nephritis, chronic nonspecific ulcerative colitis, cirrhosis of the liver, chronic, rhcuinatonl 
arthritis, and essential hypertension No patient in this group had known ovidenco of 
coronary occlusion or angina pectoris Group C consisted of fiftj patients who had had 
recent coronary occlusions (within a si-v month period of time) but who recened no 
specilic medication or lipotrophio agents, except in a few instances where mamtouanci. 
doses of digitalis or IMercuhydrin had been prescribed Group D comprised forti eight 
patients who had been on 6 Gm daily doses of choline bicarbonate for variable periods 
of time and who had suffered a recent coronary occlusion within six mouths of the in 
stitution of choline therapy As in Group G, several patients were on maintenance doses 
of digitalis or Mercuhydrin 


RESULTS 


Gioup A — Thiity-two noimal subjects weie studied whose ages ranged 
fiom 13 years to 72 years, the average age being 35 yeais Twenty weie male 
subjects, twelve were female The time interval between the fiist cholesterol 
determination, and the second (which was the last m most instances) ranged 
from eight weeks to sixty-four weeirs, the average time interval being tiiiitj si\ 
weelvs As shorvn in Fig 1, the average initial seium cholesterol was 202 mg 
and the average final serum cholesterol was 200 milbgiams The variations 
between these two ranged from 0 to 38 mg, with an average variation of U 
miUigiams The normal serum cholesterol values are from 140 to 220 milligrams 
Thus Fig 1 illustrates the constancy of cholesterol levels in noinial controls, 
when two or more determinations separated by a considerable period of time 
(one to sixty-four weeks) are made on the same individual It will he note 
that the increase or decrease m level is slight, less than 20 mg per cent (oi about 
10 per cent of the total) in nearly all instances 

Oioup B — This group corrsisted of thirty-one patients with various diseases 
as noted, excluding known illness due to coronary artery disease The ages 
ranged from 24 years to 62 years, the average bemg 46 years Twenty patients 
were men, eleven were women As shown in Fig 2, miscellaneous patient con 
tiols, the average initial cholesterol was 279 mg and the average final cho 
was 280 milligrams The intervals of observation ranged from one 
twenty-six weeks, the average being nine weeks In tins group were 
patients whose serum cholesterol varied less than 10 per cent between le^ 
and last determmations, the average amount of cholesterol variation 
mrlhgiams There also were ten patients whose serum cholesterol la 
substantial decreases, on an average of 83 mg between the first 
ter-mmations There were an additional nme patients whose 
mcieased on an average of 73 mg between the first and last e er 
In Fig 2, deseribmg this miscellaneous series of conditio^, absent 

elevated cholesterol values, but in which coronary aiteiy sei^e^ '^raph, anJ 
the tendency for greater fiuctuations to occur is evident from “jj® ^ 
increases or decreases up to 100 mg or more oceui as eq 


deviations coromr> 

Gioup G — Group C consisted of fifty patients who prior 

artery occlusions (coronary occlusion controls). Fig 3, witnn si bcink' 

to the study Then ages ranged from 38 years to 80 jears, interval 

62 years Forty patients were men, ten patients weie wome 
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lange between initial and final cbolesteiol deteinunatious was from one week 
to sixty weelrs, the aveiage being fouiteen weeks In tins gioup there weie 
three fiiithei subgroups Ten patients had less than 10 pei cent vaiiations m 
seium cholesterol from first to last determinations, the aveiage variation being 
26 niiUigianis Nineteen patients showed substantial interval cholesterol (le° 
creases with an aveiage decrease of 69 milligiams Tiventy one revealed iiiteual 



Fig 3 

eholesteiol increases with an average of S3 mg increase Fig 3 (coionar^' 
occlusion controls) reveals that the average initial serum eholesteiol was -63 
and the aveiage final serum cholesterol was 242 milhgiams In acute corona 
occlusion, which condition is frequently associated ivitli elevated bloo c 
teiol, as has been shoivn previously,- there is a more marked teiideiicv to 
tuate Here it is noted that the majoiit}'' of cases show a marked 
level fiom an initial determination to a succeeding one and that this 
maj’’ as fiequentlj^ be an increase as a decrease . 

Gioiip D — This group consisted of foity-eight patients who had ha 
coronary artery occlusion ivitlim six months prior to testing and j,j 

of whom had leceived 6 Gm of choluie bicaibonate dailv Tbis 
three divided dailj^ doses, each containing 2 Gm (coronary occlusion 
theiapy. Pig 4) The ages ranged fiom 29 yeai-s to SO jeais, int 
age of 59 jeais Foity-twm patients weie men and six (jjeraj)' 

The mtei vdl lange betw'een the fiist and last cholesterol wdiile on t -pj,,, 

was from one week to sixty-seven w^eeks, the aieiage being twe \ e 
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Kioup had thiee fuithei subgioups One consisted of thiiteen patients, who 
Lwed less than 10 per cent inteiial vaiiation in scium cholesterol \alues 
The average vaiiation was 5 milligrams Eighteen patients levealed an av eiage 
interval decrease of 72 mg while on choline therapj Sev enteeu patients show e 
an average inteival increase of 98 mg on choline theiapy Fig 4 fiuthci shows 
how these fluctuations render moie difficult the mterpretation of the effect of 


Initial Pinal 



Fig 4 


chohne feeding on eholesteiol levels Howevci 

senes (Pig 4) in the same maiinei it is apparent that "^'fnfficant change 
be attnbuted to the choline which is not already accounted for by flue 
tions inherent m the disease 


DISCUSSION 

Couiiimation is again made of Sperry s obseivation 
the blood seimn eholesteiol is maiiitamcd at a constitutional 
tor the individual and fiom which significant altera ions 
Place It IS of interest to note here that in two o the ^ ^ 

wider variations ni scrinii eholesteiol were found than 

Upon eaieful niterio.ation, it was elicited that one “^ed « hadj.ad 

a sciero attack of infectious hepatitis eighteen leais P*'® vears fol 

tests m this individual had shown modeiate -U-ument up to fi e e^rs^ 
lowing recoiei-v but had not been repeated since the subject felt Inmselt to 

be n gooThcLr After the serum eholesteiol deteiminations had been made 
toon neaiiii subjects (a \aria 

and were found to bo more variable than in „ vin low rade 

tion of 29 mg ). liver function tests vveie repeated and showed a„ain low „rade 

inipaimieut of liv er function tests 
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The otiiei noimal contiol sub;ieet, age 42, who levealed a 38 mg Nauatioi), 
was closely questioned and was found to have a biothei who liad died receiitlv 
of an acute coionaiy occlusion with hypeicholesteiolemia, one siitei i\ho had 
had a coionaiy aiteiy occlusion, and paients who had died of coionan oc 
elusions A familial susceptibility ox heieditaiy cholesteiol metabolism disoidci 
associated with eoionary aiteiy disease may be a possibility m this case” Our 
control series of fifty eases of coionaiy thiombosis (Gioup C) confiims the find 
mgs of Steinei and Domansla^^ who also found that tlie seium cholesterol le\cl 
in patients xvith coionaiy aiteiioscleiosis is variable and subject to xude iliielua 
tions Oui finding of wide seium cholesteiol fluctuations in miscellaneous dis 
eases is m agieement with the lepoit just published by Astiup'- The Gioup 
D patients with coionaiy aiteiy occlusions who weie under choline thcrapi 
revealed the same type of fluctuations of seium cholesteiol obseived in the cou 
tiol gioup of noneholme-tieated coionaiy aiteiy occlusion eases That is to 
say, theie weie three similar subgroups, one shoMung 10 pei cent fluctuation in 
seium cholesteiol values on choline tieatment, anothei shoivnig significant m 
cieases in seium cholesteiol values on choline treatment, and the othei slioiving 
significant deciease under therapy 

It has been demonstiated that the liver e\eits the chief contiol over cholcs 
teiol metabolism, as well as fat metabolism ^ It also has been established that 
the livei plays the mam role m the synthesis, distubution, and legulation o 
cholesteiol m the blood stieam It is theiefore possible tliat abnoinial lana 
tioiis 01 instability in the seium cholesteiol levels encounteied m Groups 
and C, compiismg coionaiy thiombosis and ceitain otbei diseases, indicate an 
impaiiment m the function of the hvei legulating cholesteioJ meta o ism n 
these diseases 


SUSIMARY AND CONCLUSIONS 

1 In a series of thirty-two noimal subjects, the constancy of blood sm ^ 
cholesteiol levels was leaffirmed ovei piolonged test peiiods using a mo 
tion of the Speiry-Schoenheimei serum cholesteiol pioceduie 

2 Wide vaiiations m seium cholesteiol values weie found in a P 
thiity-one patients with miscellaneous diseases 

3 jtlaiked fluctuations m seium cholesterol values i\eie 
senes of fifty patients who had recently e\peiienced a coionaiy ai 

l^osis £oun(i 

4 Analogous wide fluctuations in seium cholesterol values arterj 

a senes of forty-eight patients who had lecently e\peneuce a coi jg^jered 
thiombosis and mgested 6 Gm of choline daily These uc increase 

it impracticable to detenniiie whethei choline effected a le uc 

in seium cholesteiol levels jiolcaterul <-a 

5 It is suggested that vanations oi instability jirondure 

ceeding 15 pei cent iihen deteinuned bj the Speiiy-Se men noimal ma' 
01 a pioved modification theieof m an individual piesimmc 

possibly indicate a systemic disordei or latent illness 
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6 It IS suggested that if the Sperry Schoenheimer procedure or a proved 
modification thereof shows abnormal vaiiations m seiiim cholesterol, these may 
be due to a disturbance in the function of the hver regulatmg cholesterol 
metabolism 
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lEON METABOLISJI 

Erythrocyte Iron Turnotor 

C A Finch, MD,'^ J A Wolff, MD,t and C E Eath, MD,t Boston, 
Mass , and E 6 Pluharty, Ph D ,§ Cambridge, Mass 

’HE hemoglobin cycle in man is paitieulaily accessible to studies employing 
la loactive isotopes of non The uieoipoiation of ladioiion into ciiculating 
lemoglobin oi the disappeaianee of tagged cells fiom ciiculation may le 
measured Such studies have neeessaiily been of shoit duiation In tlie turn 
over of the red cell mass, non libeiated fiom hemoglobin is passed on to otlicr 
tesue and senim pioteins (Pig 1) and lapidly lerouted to the bone niaiiow 
nee the ladioiion i caches a state of eqmlibiium in the cnculating led cell 
mass, the level of ladioactivity may lemain relatively constant foi months or 
yeais In the present study it has been possible to isolate the eiythiocyte poi 
tion of the hemoglobin cycle, so that the survival of a population of red cells of 
appi oAmiately the same age might be determined 

The assumption has been made on the basis of m iitio studies’ ” that 
circulating red cells neither take up noi give oft non The reticulocyte, lion 
ever, has recently been shown to take up non and sjnthesize lierae^ ThcsC 
studies have allowed further observations in vivo and over a long peiiod of 
time regarding the question of iron exchange between red cell and plasma 
Certain observations have previously been made regarding the bieakdonn 
and leutilization of hemoglobin non In studies on blood pieseivatioii, donois 
were prepared by mjectmg ladionon and obtaining blood after the non had 
been meoi’porated in the red cell mass The disappearance rate of these tagged 
erythrocytes from the blood stream of the recipient vas measuicd o\ci a 
period of twenty-four to forty-eight hours Thereafter, the ladioiion nas 
lapidly incorporated into new red cells so that m the ensuing da}s the level of 
radioactivity approximated that originally 2 Jiesent If led cell destiuetion 
occurred more gradually, no drop in the circulating radioactivity level vvas 
obseiwed This efficient i eutilization of broken down heinoglobm non has been 
commented on by several investigators as indicating that iron so libeiated tiom 
hemoglobin falls into a small labile reserve which is rapidly leciicuited through 
the hemoglobin cycle ® It has been shown that this utilization of radioiron 
for hem oglobin production may be largely prevented under two circiinistaiites 
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first, when the bone maiTow is piodueing little oi no blood and second when 
the lion stoies are greatlj enlaiged Vdrantage was taken of this m the choice 
of recipients for our studies Subjects weie selected who for one of these 
reasons should be unable to leutilizc the radioiron liberated from tagged 
erj tlirocytes It would then be possible to follow the intraeijtliiocytic radio 
iron through the period of tune that the led cell lemaiued in the circulation 
pioiided no free exchange of iron occiiricd 

PROTEIN -IRON COMPLEXES OF 
THE HEMOGLOBIN CYCLE 



^ ferntin-hemosiderin 



41 1 — In tlie serum iron Is bound to a beta globulin wliJch traii-ports Iron from one 

j another within the bod> Jn the morrow tlie iron Js stripped Irom the betoj gJobulJn 
eJlki ® u®veloplng red cell and ajnthoslzed along Avith pyrol pigment and globln into hemo 
noDin. As hemoglobin the red cell iron would appear to remain within the erj throes tes until 
0^4 l3 broken down At tills time tho pigment is degraded Into Its component parts 

th“»i reappear In the scrum bound to the transport globulin or ma\ remain in 

‘ne tissues incorporated In one of the Iron storage prote ns ferritin or hemosiderin 


MATERIALS \ND METHODS 

Single isotopes of Fe^a and Fc*® obtained by cyclotron bombardment at the Massa 
chusetts Institute of Technology \Yero employed in both human and animal studies Eadio 
active iron containing both isotopes Fo^a and Fc ® with a specific activity of 20 and 80 
microcunes per milligram of iron obtained from Oak Eidge was used in some animal 
wperiraents Eadioactive donors were prepared as previously described* Tagged blood 
for transfusion was drawn into acid citrate dextrose preservative and given immediately to 
the recipient except in one instance in which the effect of storage was under study Tho 
circulating level of radioactivity approximately twenty minutes after blood was given to 
the recipient was determined and taken to represent 100 per cent of the transfused cells 
la two instances, however where subsequent leicls were significantly higher, tho latter 
values were assumed to represent 100 per cent Tho blood xolurae as determined by T1824 
was compared with the cell volume as deternuned by dilution of the transfused tagged 
cells. Subsequent blood samples were taken into calibrated centrifuge tubes over a period 
of 150 days Hematocrits were determined on an aliquot by tho 'Wmtrobe method The 
subsequent wet ashing of samples, addition of carrier iron, precipitation electroplating and 
counting have been described previously ** 

EXPERIMENT VL DVTV 

I Animals — Dog S FD90 was gnen 0 2 Do” (1 x 10= counts per 
minute) uitravenously and tlie subsequent uicorpontion of tlie non into tlic 
circulating red cell mass was detoiramcd (Dig 2) At fifteen days 75 per cent 
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of the injected iron was found in the peiipheial blood* On tlie t«enl\ 
seventh day and until the 108th day injections of noniadioactive non in tlie 
form of feiious-ascorhate gelatint totalling 4,170 mg weie gnen mtra\enousl\ 
Thioughout the period of observation the dog remained m good condition 



Piff 2 — The Initial utilization of Fe“ In a normal dog is slioiin "F-Sicnnudj 

■were followed during a period of 100 days while nonradioactive iron was Injected mmaienu 
A subsequent utilization curve with Fe“ Is shown The ordinate is expressed m uaja. 


Theie was a gradual diop in hemoglobin fiom 18 to 15 gianis but no cliaiigo 
in cell indices, leticuloeytes, oi in the leucocyte pictuie In Fig 2 is 
the level of eiiculating ladioactivity At 120 days 0 5 nig of Fe ” (1 
counts pel minute) was injected mtravenously Sivteen pei cent of this iron 
appeared in the led blood cell mass at the end of two and a half weeks 

In two fuithei expeiiments dogs weie placed on com gih „ 

which had previously been shown to pioduce laige non stoies m 
These dogs received led cells piepaied by injectmg radionon m a sing e 
dog one week piemously A similai lapid dechne m cnculating 
levels was observed in these dogs, in the neighborhood of 100 clajs ‘ 
cell life was calculated fiom the tune 50 pei cent of the tagged ce s 
peaied in the blood of the donoi dog to the tune 50 pei cent of the tne^^ 
radioactuity had been lost from the blood of the lecipient dogs 
J-FD219 the eiythiocyte life span was 106 days and the 5" ,jtolo'’n. 

Dog C-FD218 was 109 days These dogs showed no significant nc . 

•The dog s blood volume was determined b> T1S21 Cl';,?'''! cent n'ti'IO 

activity calculated as pievlouslj described” according to the formu jivIccJ 

counts per cubic centimeter red cells X cubic centimeter circuiatini, 
counts injected G-.nd'''- 

■fThis iron preparation was obtained through the courtesj or 
Products, Inc , Camden, N J 
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change through the period of experimentation The pathologic examination of 
both dogs revealed extensive deposits of hemosiderin and greatlj increased 
tissue iron by analysis 


LIFE SPAN OF ERYTHROCYTES TAGGED BY RADIOIRON 










iajt 

lol radioactivity levels In the circulating blood 
E aIlo^\3 for the added period of red cell life 
the additional period of blood storage. 


^ Sixty daj old normal cells to patient with 
yjlastic anemia. 

® rernlclous anemia reticulocytes to pa 
tient with aplastic anemia. 

0 Iron dcflclent reticulocytes to patient 
^ith aplastic anemia. 


D Iron deficient erythrocytes to a patient 
with hemochromatosis. 

B Twenty-one-day old blood stored for 
twent> four da>s transfused to a patient 
with Cooley's anemia 

F Iron deficient reticulocytes transfused to 
a patient with Cooley s anemia. 


II Human Subjects— Sn. populations of ladioactively tagged eiythrooytcs 
Mere followed m recipients chosen because of their largo iron stores and/or 
unpaired bone marrow function Thcie follous in each instance a characteriza 
tion of the blood given, the age of the red cells given, the hematologic status of 
the recipient, and the radioactive survival cuivcs as determined by measuiing 
levels of radioactivity in the recipient blood The data aie plotted in Tig 3 
-1 Tive hundred cubic centimeters of blood were drawn from a joung 
man who had been given radioiion (Fe“) si\tj five dajs pieviousI> The 
donor’s red cells were normal in appearance and measuiements showed a mean 
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coipusculai volume (MOV) of 85, a mean coipusculai hemoglobin (IICII) oi 
32, and a mean coipusculai hemoglobin concentiation (MCHC) of 35 The 
lecipient W-FD129 was a giil of 6 yeais nnth aplastic anemia i\ho had been 
tiaiisfused eveiy six to eight weeks since the age of 2 montlis Pieccdiug the 
tianstusion hei blood showed a hemoglobin of 5 giams, led count 18 million 
and hematociit 16 (MOV 108, MCHC 28, MCH 31) and no leticulocjtcs m 
1,000 led blood cells The subsequent decline in ciiculatmg ladioaetuiti le\els 
IS shown in Pig 3, A The piojeeted life span of the led cells, allowing for the 
time they had cii ciliated in the donoi, is shomi by the dotted line 

B The same lecipient, 'W’-PD129, was tiansfused one month latei with 
250 c c of blood tagged with Pe®“ The donoi in this case, G-PD131, had 
classical peinicious anemia and had lecened b\ei six days pieiiously and 
ladioiion foui days befoie the blood was diawm The tiansfused blood had 
a MCV of 130, MCH 37, and MCHC 35 Theie weie 31 9 leticulocytes In the 
blood fiaetionated by albumin flotation^’* the distribution of ladioactnitj cor 
responds to the distribution of reticulocytes (Table I) These data uould 
indicate that the isotope is found almost exclusively m the leticuloeyte fraction 
and that, ni effect, tagged reticulocytes aie being tiansfused Subsequent sur 
1 11 al of this blood is shoivn in Pig 3, B 

C Recipient W-PD129 was used for a thud study after all pieMousb 
administered radioactivity had disappeared from her ciiculating blood Donor 
SL-PD262 had typical untreated polycythemia veia The donor’s blood showed 
a henioglobm of 20 1 grams ivith slight microcytosis and hjpoehiomia (MCV (5, 
MCH 23, MCHC 31) Pive hundred cubic centimeter’s of blood weie diaun 
on the thud day after injection of ladioiion Evidence that these tagged cells 
were comprised chiefly of reticulocytes is shoivn in Table I The deteiinmatious 
of circulating ladioiron levels in the recipient are showm m Fig 3, C 

D Pive hundred cubic centimeters of blood iveie drawn from the same 
donor, SL-PD262, on the tenth day foUoiving injection of ladioiion This bloo 
was transfused to recipient R-PD108 who had hemochromatosis confiimed in 


Table I 


' ■ ■ ■ - ■ 1 

iruN HilPlciENT BLOOD | 

Top fraction 

COUNTS/UMT CELLS 1 

2,900 

/V J 

Tos 

o fi 


Middle fraction 

920 



Bottom fraction 

500 

1 


PEFXICIOLS ANEMIA BLOOD 


391 

OJ 


Top fraction 

Bottom fraction 

5,060 

1S7 

— 


li\ei biopsj The recipient had a saturated non binding protein, a sciu 
of 250 pg per 100 cc , and a slightly maciocjtic anemia (hcinatocri 
102) Radioaetiiity was expressed as counts per cubic centiinetei oi 
since it was lelt that tlie led ceil mass should be lelatueh 
the period o± observation This is in contrast to the other cell \ia n 
nients in which actiiity is related to cubic centimeteis of whole i> 

no endent explanation for the initial lower le\el of ladioactm ' 
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related to the tempoiaij led cell mass mcieasc due to the tiauslusion It is 
to be noticed (Fig 3, D) that thcie is a reutihzation in this patient of 25 pei 
cent of the erythrocyte non siinilai to that seen in picMons animal e\peinnents 

E A third phlebotomy was pcifoimed on the doiioi on the twentj first daj 
after iron mjection This blood r\as prescived in acid citiate dextiose for 
twentj five days at “1° to 6° C and then ttansfused The lecipient JS PD265, 
was a 4 year-old child who had Coolej ’s anemia and had reeeu ed approNimatelj 
twenty transfusions befoie the present study On the day of transfusion his 
hemoglobin Mas 10 grains The smiiial time of these led cells and the 
projected survival aUoMing foi then time in the donor and picseivatiie aie 
shown m Pig 3, E 

P Donor LK PD244 was a patient with poljcjthemia vera who had been 
controlled by phlebotomy for two jears He showed a high giadc iron 
deficiency at the time of phlebotoinj (MOV 70 IICH 22 AICHC 30) Si\ 
days after injection of Pe* 500 ee of blood were lemoicd and tiaiisfuscd 
immediately to leeipient L PD2G3 The subseiiucut lei els of eiiciilattng radio 
non per cubic centimeter of w hole blood arc show n in Pig 3 F The i ecipient 
m this transfusion was a 4 year old gnl who had been anemic since biith with 
typical findings of Cooley s anemia She had had more than eight transfusions 
before the present study and a hematocrit of 18 2 piior to tiansfusion 

111 anotliei series of observations, noimal male subjects were gneii Po * 
intraieaously and beginning twenty one days latei non was taken foi four to 
SIX months by mouth immediately aftei meals Subjects P and I? consumed 
200 Qm of ferrous sulfate and Subject 11 400 grams It w ould appear that 
enough iron was absorbed m this fashion to interfere somcwlnt with leutilizatioii 
and to allow one to appioNimate the life span of the civtlirocyte in caeli case 
(b’lg 4) Mean coll ago was calculated as 125 da\s (Subject P) 125 days 
(Subject R) and 114 days (Subject M) 

DISCUSSION 

The sensitivity of tlie counteis used reach 3 jiei cent efficiency m the case 
of Pe ‘ and 20 per cent in the case of Pc'” The counting ley els obtained from 
blood samples were sufficient to allow accurate measuiement of samples contain 
'ng less than 5 per cent of the initial circulating radioactu ity except foi 
experiment B (Pig 3 B) Here accuntc counting tliat is counts more than 
Iwice background, was attained only in yalucs showing oyer 30 pci cent eiy 
throcyte auryiyal 

In the dogs and in the patient yyitii hemochionntosis (Figs 2 and 3 D) 
ibere was appreciable leutiUzation of the erythiocytc non in the neighhoihood 
of 25 per cent Since these new base lines are stable oyei a pcuod of scyci il 
weeks it seems justifiable to assume 100 per cent desti notion of transfused 
erythrocytes yyhen this Icyel has been attained In the remaining transfusions 
there was no significant reutihzation Noimal subjects fed iron lioweycr 
showed so great a leutilization (approNimitcly 75 per cent) that mteiprclation 
of the data is difficult 
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In these studies a population of led cells ot appio\inidtely one <ige Ins liecn 
followed thioughout then suiiival peiiod in the ciieulatmg blood The entraiMo 
of these cells into the ciiculation m the donor is shown bv the utilization of 
the moected non foi hemoglobin piodiiction In Fig 5 is a composite eune 
of such utilization of ladioiion obtained ineMously in noinial subjects Thw 


INFLUENCE OF ORAL IRON ADMINISTRATION 
ON RADIOIRON LEVEL OF THE BLOOD 




so 


iOO 


150 


days ,,, 

-The initial utilization oC raclloiron in three noi nial subjects tI e sub; 

culatincr radioactUe levels dunne the Deriod of iron nitaKC oj n ,q,j 


4— -xne initial utilization of radloiron in three noinia „.uuv.. - 

subsequent circulating radioactl\e levels during the period of iron intaKe i)j u, l&'J 
utilization curve with Fe*^ is also shown It will be ob&enui <,ubjLCt 

loO da>s there is a significant decline In circulating radioactivit> ie\cls m 


indicates that noinially the foiuth day will lepiesent the mean age oc 
cells and that some 75 pei cent of the total numbei of tagged cells ^ 

ciiculation between the second and se\euth dajs’^ In non deheicnt 
melons anemia patients lesponding to tieatmeiit, the utihAition 
mole lapid Poi pin poses of calculation m Pig 3, eoiieetions arc ^ 

dotted line foi the mean age of the cells, accouling to I'lien t ie\ 
expected to appeal in the donois ciiculation 

It might be cpiestioned -whetliei the sample taken iinnie a ii-c 

fusion IS lepiesentative of the initial led cell leiel oi " nlL 
pioeess ot tianstnsion mIiicIi took betMcen oiie-lialf and two hoim 
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might already bo lost fiom the blood stieam It has been preiiousl} demon 
strated that nonviable eijthrocjtes maj disappear leij rapidlj from cucula 
tion, that IS, witlun minutes of transfusion ' “ Foi this reason it appeared 
necessarj to have some check on the initial lei el Highlj quantitatiie measuie 
ments iierc not possible since the blood giien ivas onli roughlj measured and 

UTILIZATION OF RADIOIRON FOR 
HEMOGLOBIN PRODUCTION 



doy* 

Big 5 — On tlic basis or ilota picv ously rcporUd a cotnpo ite utilisation curse Is 
Shown This has been normalized fiom the 4 per cent which appears in the blood to 100 
per cent so that the dalh Increment of rnllolion Incorporate! In er>throc>tcs may be shown 

Since the tiausfusion set N\as not ahvd\s complelch emptied of blood In pa 
tieiit FW rDl29 thiee tiausfusioiis weie r.i\eu (I 3, 1 B and C) The 
calculated blood \olume on the bisis of the iadiodctiMt> administered ind the 
mitial post tiansfusion le\el wcic icbpcttnch in obsenatioiib A B and C 
1340 cc 1 400 cc and 1 280 cubic ccntimetcis Since A lepresentb fiesb 
normal cells \\hich ha\c been shoun picxioush to be a reliable measure of 
tlie ciiculatmg mass the immediate smvual of the othci t\\o populations of 
red cells may be assumed to be itasonabh good In D the calculated radio 
actue cell \olume ^^as 2 160 ec uhile the L\anb blue dje dtteimination ga\c 
a cell mass of 1 975 cubic ceiitimeteis In E a blood \olume employing T1824 
immediately after transfusion oa^c a determination of 1 030 cc uhercas the 
ndioactno blood volumt \\as 950 cubic centimeters In patient L PD263 (P) 
an L\anb blue blood %olume pcrfoimed si\ months aftci the initial study ^\as 
1500 cc as compaicd with the post transfusion ladioactive measurement of 
1200 cc 111 the same patient In no instance therefore was there an nidica 
tion of an abnoimall} lar^e blood \ohimc bv isdioactue measiuement using the 
ti'cntj minute samples This would appeal to e\cludc an> appreciable cell 
destruction during the time of transfusion since such an CNcnt would result ni 
grcatlj cnlaigcd cell \olume detcimiiiation b> the i idioactuc method’* 
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Pievious wolk has shown that veij' little ladioiion injected intiaieiiouilv 
appeals in the ciiculating led cell mass when bone maiiow sinthcsis is 
se^elely nnpaiied, suggesting that only as a lesult of hemoglobin siutliesis In 
the developing led cell can ladioiion gain access to the eiytluocvtc " In 
the piesent studies, i eutilization of non is laigelj'^ oi conipletelv blocked 
Should theie be an exchange of hemoglobin non with plasma non, the le\d 
of cii dilating activity would lapidlj'’ fall The ladioactivity m tlic leeipicnts’ 
eiieulation, howevei, followed a survival cuive similai to that obtained nhen 
the pjniol pigment^^ oi globin of the hemoglobin molecule is isotopically tagged 
It would then appeal to be a safe assumption that the matuie led cell through 
out its life span has no appieciable exchange of iron with its smimindiii,' 
en\ iionment 

In tlnee dogs the aveiage tuinovei of non fioni the time of appeaianee 
in cnculation to disappeaiance is from 95 to 109 days In patients tiaustused 
with vaiious popuations of eiytluoeytes, 50 pei cent of the ei’ythiocUes had 
disappeared fiom cnculation between 77 and 110 days after then appearaiiee 
in eiieulation The one noimal cell population (Fig 3, A) showed a mean 
cell survival of 110 days Tins is consistent with other data of the life of the 
human red eelP® and would indicate that normally there is appioxmiatch a 1 
pel cent daily tui novel of non thiough the red cell mass as a result of on thro 
genesis and erythrocyte bieakdown 

In contrast to differential agglutination studies in which the icd cell 
population measured is a mixed one, in these studies red cells of a single age 
could be followed thioughout their life period By diawing blood short' 
after injection of ladionon it was possible to obtain young cells as shown nj 
Pig 3, B and C That these young cells lepiesent reticulocytes is indicatci 
by Table I and by other studies,^® demonstrating that m fractionated oo< 
the reticulocyte level and radioactive level show a high degree of corieation 
Othei studies® have demonstiated that reticulocytes are capable of 
mg heme and matuimg, and that their disappearance fiom circulation ' 
crated with an increase in matuie led cells The piesent obseivations 
indicate that they not only matuie but have a reasonably noimal hte span 

It IS of inteiest that m pernicious anemia the leticuloc'tes a 
theiapy have a noimal life expectancy, since other obseivations on 
lation of untreated peimcious anemia maciocytes have indicatw a consi ^ 
shoitei life span lion deficiency leticulocvtes as shown m 
suivne a somewhat shoitei than noimal period, w'heieas the same 
subject with a lelatively noimal blood pictuie show a le 
vival This suggests an influence of anemia per se on the i e sp^ jrawn 
the varied natuie of the lecip rents is such that no conclusions 
The difteient suivival curves obtained with led cells liom ^ 
differ ent recipients (Fig 3, C and D) emphasize the impoitaiice 
It is of interest that storage ot blood before tiansfusiou 
immediate loss of appioxmiately 20 pei cent of the ^ ippt ii to ' 

the lemaming eijthiocvte population sunned what won 
lelatnely noimal bfe span 
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In subjects fed non the eijtiuocytcs remaiiied in their normal eiiMronnicnt 
and Mere subjected to no manipulation Although the great reutilization ob 
scures the erjthrocjte breakdown the mean cell age estimated at 122 dajs is 
quite similai to the figure of 127 dijs obtained by Shemin and Kittenberg' 
using in the same type of study 

CONCLUblOMS 

The leutilization of ladioactnc iron fiom biol en dorni led cells is 
(.ffectnelj blocked by tiie presence of cnlaigcd non stores and/oi bone mariou 
djsfunction in aumials and in human subjects By using lecipients wtli these 
ehaiacteiistics, the ei\throc}te unit of non metabolism maj be isolated 

Under these evpeiimcntal conditions it Mas possible to measure the life 
span of a red cell population of a single age Obser\ations Mere made of 
tagged macrocytes mleloc^tcs and noimal red cells in normal and anemic 
recipients The reticulocytes fiom a patient with pernicious anemia respond 
mg to theiapy and from a patient with non deficiency have been sho\vn to 
have a relatively normal life span 

The eijthrocyte iron tunio\ei moasuied diiectlj is appioximately 1 per 
cent a day in dog and in man 

There is no discernible cxchaiioC of non between the led cell and its sur 
loundings throughout the life span of the erythrocyte 
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TYliOSINL METABOLISM IN HUMAN SCUm \ 


Wu^terF Rogers, MD * Siracuse N Y and 
FrVNK H frVRDNFR, Ml) t BOSTON SIvSS 

INTRODUCTION 

I r HAS been sho^Mi that vitamm C is intimately connected -svith the metabolism 
of t>iosiiie and plicnylalanine Sealock and Silbcrstein' rcpoited that ^\htn 
Lrosme was led to scoibutic guinea pigs liomogentisic acid was excieted i 
phenomenon that could be pre\eiited hy the adrainistmtion of 1 ascoibic acid 
Tliey also demonstiated^ that tjrosine, fed to guinea pigs on a diet deficient 
111 Mtamiu C, resulted in the excretion of homogentisic p hydio\>T)hen>lp> 
mvic, and hydroxyphein 1 lactic acids, and that the administiation of Z as 
corbie acid presented tlic abnormal excretion of these metabolites Paintei 
ind Silva^ fed large doses of tMosinc to scoibutic guinea pigs but found no 
excretion of homogentisic acid in the mme but did obseive excessne excretion 
of the inteimediaiy metabolites of Urosme In addition, Levine and co 
woikeis^ noted that premature infants fed diets of Mtamiu C fiee cows 
milk coiitaiumg 5 Gm oi moie of protein per kilogiam of body weight excreted 
hydroxyphenyl lactic and p hydroxypheinlpyruvic acids the excretion of 
which was eradicated bj the administration of ascorbic acid 

The puiposc of tins communication is to report the effects in noimal and 
scorbutic human beings of feeding large amounts of tyrosine and the rapid 
effect of I ascorbic acid in correcting the abnormal tyrosine metabolism found 
ui the indiMduah with scurvy 


MATERIALS VND METHODS 


Tbo patienta obterved in this studj were four scorbutic men aged 62 04 66, and 71 
Ji-urs two normal meu aged 22 and 29 and ono normal woman aged 75 t 

During the course of the studies the scorbutic patients were maint'iined on a vitamin 
C free diet consisting of two quarts of boded skimmed milk 4u0 grams of boded nee and 
tlurtj SIX soda crackers daily Sugar coffee and vitamin C free purified jelbes were allowed 
ad libitum The two normal male subjects were allowed their usual diets Tho normal 
female subject was maintained on the same vitnmm C free diet as the scorbutic patients but 
received large supplements of crystalline ascorbic acid Twenty four hour samples of unnt 
were collected daily from the e patients and after suitable control periods of at least six days 
all except ono scorbutic patient were given 20 Gm of powdered I tyrosine} per day orally 
divided into four doses of 5 Gm each 
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tThls 5 ycar-old patient was thought to have scurvy because of purpura. The purpura 
Was of senile type only and lie was then studied as u nornxal patl nt after receiving large 
supplements of ascorbic acid 
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Aftci i puiiod i)t t>robmc idniniisti itjon, foui ol the btorbutic pitituta lar i 

doses ot ascorbic reid in addition to the tyrosine Wlien possddCj a control period wL 
iiK hided if ter the discontinuance ot tjiosiiw, 

rho isiorbic acid content of the white blood cell pi itclet Uitr n is dcteriniiiid bv Ib 
method of Butler and Cushman r The addition of 100 mg of liuman fibrinogen (iraaioa ] 
of human plasma [Cohnjr) to 10 ml of o\alated blood produced better separation of the 
white cell platelet lajer for assaj The whole blood ascorbic acid levels were determined 
bv the method of Keuther a 

The total excretion of li^dioxyphenjl compounds m the urine, expressed as t^ro me 
equivalents, was measured by the method of Medes o The compounds measured bv thi 
metliod include tyrosine, p hydi oxyphenyl lactic, and p hjdro\jp)ien}]pjTuvic acids, and are 
designated “tyrosjl derivatives ” 

The reduction of phosphomoljbdic acid by the urmo as outlmcd hj iledeso al o nvs 
determined This method, for the most part, measures the excretion of p hjdrovvphenr) 
pyruvic acid, but is not specific and will react with liomogentisic acid and other reducin,' 
substances Since the reduemg substances excreted by the scorbutic patients, while rcccivin;, 
tjrosine, were not chemically identified, their reducing power was calculated as equivahat' 
of a standard solution of hydroquinone The presence of homogentisie acid was tested for 
qualitatively bj adding ferric chloride to urine that was made alkaline with sodium lijdryvnli 
Calibration curves with hydroquinone standards for the phospliomolybdic reducing powvi 
and I tyrosine for the “tjrosyl" derivatives weie prepared usmg the Evel^ai photoelectric 
cell colorimeter The tyrosyl derivatives were read in the colorimeter cxaetlj one nimutfi 
after color formation to obtain maximum values If thej were road after allowing thocoor 
reaction to proceed for twenty minutes, as outlined by Levine and associates,^ there was a 
marked drop m color intensity The phospliomolybdic reaction was allowed to proceed tor 
tliree hours before readings were made in the eolonnieter 


BESDLTS 

Scorbutic Patients — Cose 1 (Fig 1), a 62 year old man, was admitted to the Bo^^^ 
City Hospital because of pain in the right thigh He had classical signs of 
tire tourniquet test, purpura on the legs, ecchymoses of the right thigh, an nw 

around carious teeth There was no detectable ascorbic acid preseut in the 
cell platelet layer of the blood In a control period of six days on a vitamin 
this patient’s total “tyrosyl" excretion averaged 195 mg of tyrosme equvvacns 
with a range of from 128 mg to 248 mg per day In this same contro 
cretion of reducing substances as measured by the reduction of 3 j ^ig io 

equivalent to an average of 84 mg of hydroquinone per day and range 

146 mg per day everttmu of 

11 hen the patient was given 20 Gm ot tyrosine daily, for rLacbed 

“tyrosyl" compounds immediately increased, and on the sixth day o a frei 

a level of 6,800 milligrams The reduemg substances of tbe urine rcmiinc 
the control values for three days, but then steadily increased unb on 
tyrosine administration the concentration was equivalent to b, ’"k 

The patient vv is then given tin, dailv addition of 1 Gm of 1 icdu'-'.-J 

well as 20 Gm of tVTOSine per day for five days The iscorbic am oint' 3 

0 5 Gm per day for the remainder of the studv Mitli ascorbic ^ thernp' 
of “tyrosvl" compounds immediately decreased and on the secon ^ 

rag and fluctuated between 453 and 1,073 mg per day for (P,, ur 

study ended The reducing substances of the urine showed no 

ascorbic acid therapy and, m fact, increased to ° / jt,oa oi n.Jc W ’ 

However, on the second day of ascorbic acid therapy, anJ 

stances dropped to slightly above control levels, averaged Jo- “k 
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it thit \alue for four daja \t tins time the leduciug pouer increa ed to l dail} tucra^c 
of 2o2 mg of hydroquinone equivalents and is interpreted as an increased excretion of is 
corbic acid since this compound uill reduce phospliomolj bdic acid under tho conditions used 
During the period of tjrosino administration, the capillary fragility increased as 
measured by the tourniquet test, and there was some bleeding from tlie glngl^nl hematomas 
All signs of capillary fragilitj disappeared promptly after administration of ascorbic acid 



Pij, 1 — Case 1 (scurvj) Tweiitv four hour excretion levels befoie an 1 after trcdtineiit 

CasV g (Fig<! 2 and 3) vva'» a 04 jearold man with the clinical picture of scurvy and 
uith no detectable ascorbic acid m tlic white cell platelet Hver He was maintained on the 
same vitamm C free diet as provided for tho first patient In a nine day control period he 
excreted a daily average of 109 mg of Orosvl compound^ The reducing substance of tin. 
unne m this same control period w is equivalent to a dailj average of 74 mg of li^dro 
quinone 

The patient was then given 20 Gm of t\ro me daily orallj with a large immedulc 
ri’o m excretion of “tjrosjl derivatives On tlie second day he excreted 7,700 mg and 
on the fifth day 16 120 mUligrams On the seventh day of tjroame administration, ho was 
2 Gm of ascorbic acid orall) per day This dose was contmued for five dajs and then 
decrea-ed to 1 Gm, per day for the remainder of the observation period Following the ad 
niiniatration of ascorbic acid the excretion of tjro >1 compounds rapidl} fell and, al 
though the patient received tyrosine for twenty five di>s after institution of antiscorbutii 
tiiorap), liiH excretion of tjrosjl derivatives after tho initial drop became evident 
averaged onl^ o3Q mg per daj with i daily range of from 200 to 1 400 milligrams Tjroamu 
aas stopped for a period of one week duriHo which time the average excretion droppcil to 
30 mj, per daj In order that tho patient should act as lus own control lio was given 
t>ro mo for another eight dav period lurm„ which time the average excretion of t>ro yl 
derivatives uus 312 mg per diiv with the dillv maximum bcin^ 400 iiig on the fourth dav 
a final control period of ten da's without tiro ma he excreted an average of 110 
per day 
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Fis 2 — Case 2 (sc)irv\) Dailj ‘tvrosjl’ excretion 
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The reducing substances in this patient 3 urine, during the administration of tyrosine 
increased rapidly to 3,480 mg of h>droquinone equivalents on the second day and ranged 
above 2 500 mg per day throughout this pcnod except for one value of 1,340 mg which maj 
be in part an incomplete ample There was a marked fall concomitant with the administra 
tion of 2 Qm of ascorbic acid per day to an average level of 471 mg of hydroquinono per 
day Again it 13 believed that this higher level of excretion than in the original control 
period was caused by the excretion of ascorbic acid and was not due to the admimstration 
of tyrosine This contention 13 borne out by the fact that when tyrosine administration was 
discontinued for seven days the daily average remained c sentially the same (446 mg of 
hydroqumone equivalents per day) and that on reinstitution of tyrosme administration the 
level tended to fall slightly averaging 392 mg of hydroquinono per day 

During the period of tyrosine administration, there was a marked increase m capillary 
fragility For the first time, the tourniquet test produced numerous small hematomas over 
the forearm as well as petechial hemorrhages The patient became weak and developed 
nausea and diarrhea, all symptoms disppeared when ascorbic acid was given 

Case S (Table I) v-as a 71 year old man who entered the hospital with hematomas of 
both calves and marked capillary fragility There was no detectable ascorbic acid in the 
white blood cell platelet layer Throughout the study the patient was on a vitamin C free 
diet and received no additional tyTosine 

In a BIX day control period before the administration of ascorbic acid the patient 
excreted an average of 201 mg of hydroxyphenyl compounds per day and the reducing sub 
stance of the unne was equivalent to 64 rag of hydroquinono per twenty four hours \,fter 
this control period the patient was given 1 Gm of ascorbic acid a day orally for five days 
and then 0 5 Gm for the remainder of the study llith ascorbic acid therapy there was no 
significant chango in excretion of tyTosyl derivatives which averaged 196 mg per day 
The reducing substances m the urine remained low (averaging 92 mg hydroqumone equiv 
alents per day) for four days and then rose to an average excretion of 193 mg per day 
which undoubtedly reflected the increased amounts of ascorbic acid being excreted m the 
urine 


Table I Case 3 (Scurvy) Excretion Levels Before and After Idmisistratton 
OP Ascorbic Acid 


1 

treatment 

DAYS 

AVERAGE TXROSVI 
DERIVATIVES 
(MO /24 HR ) 

average hydro 

QUINONB EQUIVALENTS 
(MO /24 HR.) 

0 

Vscorbic acid 

6 

201 

64 

1 0 Gm. 5 days 

0 5 Gm. 5 days 

10 

190 

192 


Case 4 (Fig 4) The patient entered the hospital complaming of weakness and m 
ability to walk. He had large hematomas in the right popliteal fo sa extending to the groin 
There was no measurable -vatamin C in the white blood cell platelet layer of the blood 
Tliroughout the observations the patient was maintained on the vitamin C free diet During 
a five day control period the patient excreted a daily average of 219 mg of ‘ tyrosyl" de- 
rivatives The average daily excretion of reduemg substances m the urine was 20 mg 
hydroqumone equivalents 

The patient was then given 20 Gm of tyrosme daily By tho third day tho * tyTosyl' 
excretion had increased to 11 300 rag and the reducing substances to 3,0'’5 milligrams 

During the period of tyrosme admmislration the patient developed nausea, diarrhea, 
smgultus and marked lassitude Tho diet intake vvas not mamtaincd and unne collections 
could not bo made Tyrosine was discontinued and the patient received 1 5 Gm of ascorbic 
acid parentcrally and 2 5 Gm orally daily Despite the large doses of ascorbic acid and 
parenteral dextrose solution the patient did not respond Do died five days after tho onset 
of ascorbic acid therapy in an episode of pulmonary edema and shock. Post mortem eiamma 
tioa revealed only pulmonary congestion and no hemorrhagic phenomena. 
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TYROSYL 

DERIVATIVES 


IIOOC 

10000 

9000 

eooo 

7000 
6000 
5 5000 
g 4000 

2 30001 
20001 


1000 


500 


DAYS 


fTHERAPY 


kr^J 




pTYRreiND 
20 GMS. 
DAILY 


IIOOO 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

lood 


500 


DAYS 


HYDROQUINONE 

EQUIVALENTS 






KYROSiNq 
20 GMS. 
DAILY 


4 — Case 4 (scuivy) Excretion levels during tyrosine administration 


Table H Eesponse of Three Normal Subjects to 20 Gm per Day of l TtrosivE 

Or vlly 


Norm'll Subject 1 
Period 1 
(See Pig 5) 


Period 2* 


Normal Subject 2 


Normal Subject 3 





AVERAGE in PRO 


PATIENT 

L TYROSIXE 
(GM /DY\ 
ORALLY) 

AVERAGE 
TYROSYL DERTVA 

TtvB (mg/24 hr ) 

QUINONE 
EQUIV VLEVTS 

(mg/24 hr ) 

PAIS I'' 
pEIilOD 


0 

20 

0 


242 

755 

237 


0 

20 

0 


328 

734 

290 


0 

20 

0 


175 

614 

134 


0 

20 

0 


21 S 
582 
230 



ascorbic acid gl\ en oral'\ during control and (ration U ’’ '•* 


•500 m 

tThese values are niarkedlj elevated because of 
this period 


iscorbic 
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Normal Patients — Normal Subject 1 (Fig o) in a control i)eriod of fourteen dajs 
►•\creted an a\crage of 242 mg of tjro compounds per daj The reducing substances 
m the urine m this same period were 184 mg lodroqumone equualents per day He then 
received 20 Gm of tyrosine dailj for cloven da>3 uhich resulted in a graduallj increased 
excretion of tyrosyl ’ compounds until the liftli <ln> when it was 1 270 milligrams There 
after for the next da^s a moderate fall in the excretion of ‘tiTo*?)! derivatives oc 
curred, followed by a second peak reaching 1 0i8 rag on the last d of t\rosine adniinistra 


MILLIGRAMS PER 24 HOURS URINE EXCRETION 

OI o 

o o 

o o 

n'TYROSYL 

DERIVATIVES 

n HYDROOUINONE 
*• * EQUIVALENTS 

1 

fl 

Q 





H 


12 L4 

L4 






Fly C ^Normal Subject 1 Excretion levels of normal subject Juring tjrosine a linimstrallon 

tion The average excretion of tjrosjl dernativcs during the entire period of tjrosmc 
admimetration was 755 mg per da\ in a ubsequent control period without tjro me the 
excretion dropped to preadministration levels 

The reducing substances m this mdividual s unno did not change appreciably during 
any portion of the experiment During tho admmistration of tyrosine they were 167 mg hydro 
qomono equivalents per day which was slightly lower than m the previous control period 
Whole blood ascorbic acid levels were withm normal limits and showed no ignificant change 
during tho control periods or when tho patient was receiving tyrosine 

In order to determine if added a corbic acid would chingc the respon c to 20 Gm of 
tyrosmo per day, the same observations were repeated on this patient with the exception that 
he was given 500 mg of ascorbic acid daily starting three days before th^ administration of 
tyrosine and continuing through tho entire period of tvroaino administration Table II, 
Period 2 The addition of ascorbic acid m this lastanco did not change tho re pome to 
tyrosino as evidenced by the fact that on one day the patient excreted 1 134 mg of ‘ tyrosyl * 
derivatives and tho average excretion during tvrosme idmmistration was 734 mg per da\ 
as compared with tlie value of 7oo mg per dav when ht was not receiving ascorbic aci 1 
Tho reducing substances m the urine immciliatclx mcrea ed when ho took ascorbic acid, 
but were not augmented further on addition of tyrosine to his diet 
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Xonnal SuhjeU 2 The response to 20 Gm of tyrosmo dailj for tight dijs iii anoth r 
normal male, aged 22, is shonu in Table 11 It is similar to that of tlie preiiouslv di. uibtJ 
normal person, although this patient excreted slightly less hjdroxypheujl compound^, aia 
iging Old mg per day during the peiiod of tjTOsine administration As ni the fust normal 
subject, aftei an initial nse, there nas a decieased excretion for three to four dus folhmid 
bj a sceond rise 

Normal Subject 3, a 75 year old nomaii, nus given the same vitamin C free diet u 
described for the scorbutic patients In addition, she received 1 Gm of ascorbic acid orallj 
for the first eleven days of control observation and 2 Gm daily throughout the rtmainda 
of the stiidj During a contiol period of nine dajs she averaged 21S mg per dav or 
“tjrosjl” derivatives She was then given 20 Gin of tvrosine dail> for a five dav period 
and the “tjrosjl” excretion averaged 5S2 mg per daj During another fivedaj control 
period the exiretion av eraged 230 mg per day 

During a nine day control period while leceivuig 2 Gm of ascorbic and duly, the pa 
tient’s average excretion of reducing substances was b83 mg hydroquiuone equiv dent 
During the period of tyrosine administration it rose to a daily average of SS7 millignm 
In the second five-day control period the daily average was G3C milligram*! Again it is be- 
lieved that the high values in the control period are associated with the reducing power of 
ascorbic acid This normal subject showed a rise in reducing power of the urino during 
tvrosme administration Although no complete explanation is available, tlio large do<igi! 
of this ammo acid may have materially aided m the excretion of ascorbic acid 


DISCUSSION 

P’lom the foiegolug lesults, it would seem sale to assume tliat tlie leliition 
ship bettveen ascoibic acid and the metabolism of tyiosine m the achilt liiimaii 
being is similai to that tv Inch had pieviously been demonstiated in tlic giimw 
pig^ - and the piematuie infant Sealock' has lepoited that noiaial liuniau 
beings on a “diet piactically'' fiee of ascoibic acid” exciete significant amoimts 
of horaogentisic acid when ingesting tyiosine, wtiich was iiieveiited by leaMi 
ably' laige doses of ciystalline ascoibic acid ” Ilowevei, no quantitatne a^- 
aie pieseuted as to the amount of tyiosine ingested, the excietiou o >on 
gentisic aeid, oi the amount of ascorbic acid given 

In the present obseivations, the ingestion of tynosnie oially^^h 3 
patients lesiilted in a iiiaikedly incieased excretion of “tynosyl erna 
The method used for the detection of the “tyiosyl” compounds 
measuies tyiosme, 2>hy'dio\ypheiiylpyauvic acid, and p-hydioxyp i jjjj 
acid As the uiines veie not fiactionated oi the compounds 
possible to say vvliieh ones 11616 piopoitionally' lesponsible foi 
excietion of hydioxypheuyd compounds Evidence that a laige piopo 
due to p-hy'dioxirphenylpyiuvic acid is found m tiic marked 
leducmg powei of the uiine Howevei, this leactioii is not 
another inteimediaiy of tyrosme metabolism, namely liomogentwe^ 
cause the reduction of phosphomolyhdic acid Altliough qua 1 
homogen tisic acid in these uimes iveie negative, it coucena i c 
piesent and could have aftected the fiuantitatiie reduction 0 1 P aciJ 

acid, but could not be detected cpialitatiiely The absence of ion 
IS more m keeping iiith the anunal studies of Paintei and Si la 
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In the scorbutic patients, the incieased ponei of tlie urine to lecluce plios 
liliomolybdic acid lagged behind tlie iiieieascd e\cietioii of tviosjl ’ deina 
tives, the latter mcieasing iiiuiiednteh iftci the ingestion of t^rosuie LiUe 
ivise, tlie lespoiise of the lediieiug substances to ascoibic acid iii one patient 
(Case 1) Mas slowei than tint of the total lijdioNjplienil coiiipouiids Despite 
the iionspceificitj of the methods used the changes noted in the scoibutic pa 
tients Mould seem to be the lesiilt of the ttiosme and ascoibic acid administia 
tioii smee the regimes Meie constant CNceiit foi these tMO laiiables 

Tile e\eietion of tjiosil eleiii iti\cs hj seoibutic patients who Mem 
maintained on a vitamin C fice diet did not difter appieeiabh fiom that of 
iioiaiial subjects Mheii thei MCie not itciiMn„ t\iosnie Tile metabolic ab 
iiormalitj Mas noted onh mIimi thee neu „i'en e\o„enoiis tjiosine ruitber 
mole the scoibiitie patient (I ise 1) mIio uceiitd onh ascoibic acid and no 
tiTosiiie sboMcd no statistic ill' sir.nificaiit change in e\cietion of “tjiosjl 
Jernatnes aftei the idmiiiistintioii ot iscoibic acid Noimal Subject 3 demon 
stiated that tlie dietan ie„iiiie hud no significant lole in tjrosal ’ e\cietion 

The scoibutio patients demoiistiutcd a pio,iossi\e iiicicase in capillan 
fragihti Millie leceuiiig tMosiiio Mhilc the death ot the patient (Case 4) 
cannot be asoiibed to a hemorrhagic lesion as a result of seima, noieitbcless 
all the Mtaiiiin C deficient patients shoMed pi egression of the scoibutic skin 
lesions associated Mitli increased uealjiess and lassitude dniiiig adniinistntion 
af Itjiosino Piesumablv the adniiiiistiatioii of amnio acid in these large 
amounts placed an iiioieased demand on the unmeasured body stoies of \itamiii 
C 111 the oiigiinl moiU of Sealock ‘ it is implied tliat the feeding of tyiosino 
lesults in i depletion oi excess utilization of the ascoibic acid of tlic bodj Tins 
plienomenon Mas appaienth dcmoiistiailed clmioall' nndei the conditions used 
in the present stiiclj bi tlie jiro-,icssnc intcnsita of the si„iis and sMiiptoms of 
scunv HoMeiei in tlie normal individual tlieic was no sioiiificaiit dccieasc in 
the ascoibic acid content of the vvliolc blood diiiing the idministiatioii of tvio 
sue and Mlien these siiiie individuals vveic given added ascoibic acid befoic 
and duiing adiiiniistiation of tviosnic it did not change then icspoiise to this 
amnio acid 

That the abnoinialitv of the metabolism ol livdiowpheiivl compounds liis 
Midei iiiiplieatioiis thin in scurvv alone has suppoil in the effect tliat livei e\ 
tract and pteiojlgliitamic acid have on the metabolism of bj diow pbcnvl com 
pounds SMendscid and coivorKers'" " have leported that pitioiits with per 
iiicious anemia excictc dbiioimallv lai„c amounts of livdiowpbeiivl compounds 
and tliat tlie excictioii of these conipoiiiids decicascs to noimal levels vvlicii livci 
extract IS oiveii Scaloek and Lepovr'® also have shown that nitipei melons 
mcniia extiaets paitiallv iiiipi-oved the Ivrosiiie metabolism of scorbutic guinea 
P'oS Ijil civase pteiov Iglntamie acid has been shown to have an effect on the 
nictibolism ol lij droxj phenj 1 compounds in scorbutic guinea pi^s both ni 
m vivo” and in vitio expciimeiits ’* In addition the administration of ascorbic 
acid to animals deficient in ptciovlglutamic acid has altered the course of this 
deficiency ” 
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ROGLRS AND GARONFU 


SUJIM.VBV 

The metabolism of tjiosine was studied lu loui patients lutii scuru ami m 
tlnee noiraal individuals In siv of these individuals, 20 Gm of hrosmemr 
day was given by mouth foi peiiods vaiying horn five to thutyone ila\s 
The patients mth seuivy, while on a vitanim C-fiee diet and oral ad 
ministiation of tyiosme, exeieted laige amounts of “tyiosyl” deuvatucs, and 
the ability of then lume to reduce phosphomoiybdic aeid ineicased maiKedi^ 
piesumably due in part to the piesenee of p-hydiovyplienjlpyiuvic acid Tlie 
addition of ascoibic acid to this regime in the scoibutic patients lesultcd in a 
lapid deeiease in the e\cietion of “tjTosyl” denvatives and the disappear ime 
of the abnoimal ledueing mateiial in the mine 

The eACietion of 'Hyiosyl” denvatives m noimal individuals oii tsiosuw 
was compaiable with that of scoibutic subjects duinig the period when tliei 
weie receiving aseoibie acid At no time did the i educing substance of lie 
uiiiie of noimal individuals use significantly while thej iveie leceniug tMOsuif 
The addition of aseoibie acid to a noimal individuars diet did not thaiigc tk 
1 espouse to the admimstiation of tyiosme 

It IS concluded that individuals with seuiiy have a maikecl defect m tk 
metabolism of tyrosme and hydioxyphenyl compounds and tliat picvioiis <a 
penments ivith scoibutic annuals and piematme infants aie m geneial agno 
ment with the findmgs lepoited here 

It seems unlikely that this defective metabolism of tyiosme plajs a !>>S 
nitieant lole m the elmieal pietiue of seuivy since the e\eietion of tjro^' 
deiivatnes was not lemaikable unless added tyiosme was given 

The clinical status of seuivy is made moie seveie duimg tMOsme 
wutli inciease m capillaiy fiagihty These manifestations aie eomplet'- ' o'* 
tiolled when aseoibie acid is added to the diet despite continued aiimnis 
tion of tyiosme 
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OBSEllVATIONS ON THE ETIOLOGIC RELATIONSHIP OP 
ACHYLIA GASTRICA TO PERNICIOUS ANEMIA 


XI IIe’matopoietic Activity in Pernicious Anemlv op v Beep JIuscle 
Extract Containing Food (Extrinsic) Factor Upon Intry\enous 
Injection AVithout Contact AVitii Gastric (Intrinsic) 

Factor 


Fr \niv n Gardner, M D John AY II.vrris, AI D , 

Robert F Schilling, AID ,t and 
AVilllvai B Castle, AI D 
Boston, AIvss 

P REVIOUS obseivalioiis' " have shown that 200 Gm ot beef imisele are 
hematopoiotically active in addisonian iieinieious anemia when 150 ml of 
noimal human gastiie juice also aie given by mouth i\ithin six horns, oi piefei 
ablj simultaneouslj , as a daily legiine loi a period of ten days If an acid 
miNtuie of beet muscle and gastiic juice is incubated foi twelve boms foi tie 
puipose of efteeting peptic digestion ot the beet muscle and is then neutialize , 
it also IS active ^ On the othei hand, it the incubated niLxtuie is heated to 
C foi file minutes, its hematopoietic activity as deteiniined by oial adnimis ra 
tion is destioycd,^ wheieas that of ivliole livei oi liiei extiact is not detecta ' 
attected by such a piocediue Fioni tins it was assumed that the theiinosa 
cuitipeinieious anemia piinciplc ot livei was not toinied by the incu 
ceduic 111 vitio and that the eftect of heat was meiely to destioy a tieinioa 


tactoi 111 the gastiic juice h nsto 

It a beef muscle and gastiic juice mixtuie is given at an aci p 
3 5) subseciueiit to the twelve-lioui acid incubation peiiod, no 
effect appeals^ It, liowevci, this acid incubated niixtuie is tieate 
to give a pll oi 5 to 7 just piioi to oial administiatiou, it is active 
gested that a pielniiiiiaiy chemical iiiteiaction occuiied between 
extimsic iactoi ot beef muscle and the intiiusic tactoi of iioinia 
juicc at 01 about neutiahty within the intestinal tiact Sue anemia 

conceived as necessaiy ±oi the eventual foimation of the factoi 

pimciple 111 the body It seemed piobable, theieioie, that ^ 
was chemically clifteieiit tioni the antipeinicious aneima pimcip e o^ j^gjous 
Because ot this evidence, the inci cased hematopoietic activi y to 

anemia of luei^ and ot lelatively ciude livei extiaets'' ^jj^ljoate the 

gethei with noimal human gastiic juice w'as oiigmallv assume pnuciple' 

piesence of extiinsic factoi as well as of the antipeinicious bi 

Howevei, it was latei sliowiP that even lefiiied livei extiac s gervice^ 

From the Thoi ncllke Memorial La^ratop the “"Hazard Medical (|,e 

(Harvaul) Boston City Hospital and the Department of J K Lilly Gilt w 
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•Research Fellow American College of Physicians united States Piw ' 
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iiiouth Here potentiated m then Jiematopoietic effect bj gastnc juieo and that 
destruction of the antipeniicious anemia principle of such e\fiacts by bjdrol 
jsis with 5 per cent sulfuiie acid lesulted iikeivise m the loss of extiiiisic 
factor activitj Recently it ms found that the hematopoietic acfmti of oialli 
adniinisteied puie vitamin B, deiived from livei (presumablj the antipei 
lucious anemia piinciple) also ms enhanced bi the simultaneous administiation 
of normal human gastric juice — but that the ictivitj of the combuiation when 
given orally was not so gieat as that of the vitamin B, when administeied 
alone paienterallj 

The obsei v itions i epoi ted here coiieem questions obv louslj i used bj tlieso 
findings (1) Can evtiinsic faotoi alone (beef muscle) act dnectlj as the anti 
pernicious anemia pimeiple that is is a suitable prepaiation of beef muscle, 
like vitamin B, lieiuatopoieticalH efteetivc in pernicious anemia upon paron 
feral admmistiation without contact wuth gastiie juice? (2) Is the hemato 
poietio potentiating action of mtiiiisic factor m pernicious anemia specific onlj 
for vitanim Bj and ehemieallv siiuilai substances in beef muscle and in other 
foods, or does intrinsic faotoi also facilitate the nonspecific absolution oi other 
wise enhance the hematopoietic action of other substances? 

AIETHODS 

All patients studied had addisoniau pcimeious anemia eithei in lelapse 
or without previous treatment The diagnosis was established the charaeteJ 
istio blood and bone marrow moiphologj and by the presence of histamine fast 
acUorhydiia It was confirmed m each patient bj one or moio reticulocyte 
lesponses to specific theiapy and evcntuallj by a letum to normal blood values 
as a result of livei evtiact theiapj Dining the observations the basal diet of 
the patients contained no meat fish, or eggs and little milk The admiuistra 
tion of the test substances including the iioimal human gastnc juice, was made 
at 8 PM The last meal of the daj consisting of tea and white toast was at 
I PHI This separated the test substance bv at least four hours from any food 
constituent considered Iikelj to coiifaiii evtnnsic factor 

The attempted plan of file obsei latioiis was to administer to the patients 
during three consecutive periods of ten oi moie dajs each a uniform daily 
dose of evtiinsic factor deiivcd fiom 400 Gm of beef muscle first oially, then 
orallj With 150 ml of noiinal human gastnc juice, and finallj intiavenouslv 
mtliout gastnc juice In evaluatino the hematopoietic activity of the various 
preparations used, tlio mctliod of scnal icticiilocjte responses’ was employed 

Pormijne’ has shown that a 70 pel cent alcohol e\tiact of beef muscle 
possesses evtnnsio factor aetnitv in pernicious anemia Consequently the 
preparation of such an evtraot was imdertakeu, starting with a concentrated 
aqueous extract of lean beef muscle,* of which 1 Gm was derived from 14 to 
16 Gm of beef muscle rollownig dilution of tlie aqueous extract wuth an equal 
volume of distilled watei, a 70 per cent alcohol concciitiation bj volume was 
made by the addition of suitable amomits of 95 pei cent ethji alcohol The 

Kindly supplied by Dr "W illliinJ Peabody of the Valentine Company Inc Klchmond \a 
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Tsf Transfusion of 210 ml of packed red blood cells 

•10 ml of meat extract are derUed from JOO Gm of lean beef muscle 


tRule Indicates end of therapy In period 


flocculent piecipitate lesultmg was allowed to settle oveiniglit at . 
supernatant liquid ivas then filtered tluough a fluted papei filter an ^ 
cipitate washed on the papei ivith one-fifth the initial volume o 
alcohol The precipitate was then discaided Theieaftei, the a 
was concentrated liy fiee evapoiation on electiic hot plates yQiyme of 
of concentration, the boiling point leached 108° ± 4° C The vo im 
concentiated filtiate was then so adjusted with distilled watei a 
derived fiom 40 Gm of the oiiginal beef muscle The filtrate uas 
and autoclaved foi twenty nunutes Thioughout the and 

coholie extiaet, piecautions weie maintained to employ pyiogon 
appaiatus i either 150 

When the preparation was given orally, 10 ml were u gastric 

ml of physiologic salme oi in 150 ml of neutralized noima^ jntravenouslv, 
juice secieted after the injection of histamine When give gg,^tj.ose and 
10 ml of the extiact weie mixed with 500 ml of 5 per ceu ® followed 

watei The slow intiavenous administration of the meat ex i leacPens 

in a few instances by moderate oi mild febrile reactions 
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UVISTfiATlON OF VARIOUS SUBSTANCES 


in Xir MEAT EXTRACT* I\TRA\ENOUSL\ 
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usually developed 4\ith the fii'st two oi tluce injections and did not thereafter 
recur No signs of subsequent sensitization to tlie extract oi to beef appeared 
m an) of the patients 

OBSERVATIONS 

Is Extrimic Factor IlematopoieticaUy Effective Upon Parenteral Id 
ministration Witlioxit Intnnstc Faotojf The results of the obseivations upon 
the hematopoietic effect of the 70 per cent alcohol extiact of beef muscle in 
seven patients with pcniicious anemia aic sho^vu in Table I Although the in 
di\udual leticulocytc peaks aie small, the trend of their values and the time 
of their maxima and of the clinical improvement exlnbited bj the patients con 
vmced the observers of the validit) of the conclusions drawn under the usual 
carefully controlled conditions of the tests In one patient, Case 105 the ex 
tract denved from 600 Gm of beef muscle given orallj daily together with 
150 ml of normal human gastiic juice was hematopoietiealJy active In two 
patients Cases 109 and 111, the extract dciived from 400 Gm of beef muscle 
"as inert upon daily oral administration was slighth active upon dailj oral 
administration with 150 ml of normal human gastric juict, and was still more 
active upon dailj intiavenous admmistiation without gastric juice In one pa 
tient, Case 110, the preparation of extrinsic factor was weakly active upon 
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daily oial admmistxatioii, was slightly moie active when given with nomal 
human gastiic juice, and w'as still moie active upon intiavenons administiation 
without gastiic juice Tluec patients, Cases 106, 107, and 108, leceived the 
extract without gastiic juice iiy intiavenons injection onlj A definite leticiilo 
cyte 1 espouse appealed m e.ich iristanee In Case 107 the led blood cell count 



Fig 1 — Homatopoiotlc effects in C ise 111 of the uniform daily aUmlnistratioii o 
substances in successno perioUs as shown (1) refers to 10 ml of lO per cent aicouu ^ 

neat extract dLiised fiom 400 Gm of btcr muscle Note tlio H'cce successiee leticuio Jie p 
indicating resnectivoly acUvation of the extiact upon oral administration wiui no* 
gastric juice its greater actl\ ity upon intravenous administration w *1“°“ „ ^, 1 : 
flnally the still greater activit> of Mtaiiiln Ti when gi\en in a dose of 1 pg 


mei eased m twenty days fioni 2 07 to 3 09 millions pei cubic niillmieter ' 
two patients, Cases lOS and 111, the daily intiainusculai administiation o ^ 
jxg ot ciystallme vitamin Bij" following the peiiod of intiavenons administia ion 
of the beef muscle extiact lesulted in anothei definite leticulocyte peak 
this It was infeiied that the hematopoietic activity of the pf 

prepaiation upon paienteial administiation was distinctly less than 
1 yag of vitamin The lesults in Case 111 aie shown m Fig 1 o 

Is the Hematopoietic Potentiating Action of Intiinsic Factoi ^ 

111 oidei to deteimine whethei oi not noimal human gastiic pgi 

nonspecific effect m enhancing absoiption fiom the almientaiy i 
mcious anemia, the blood levels of test substances piesuniablj 
vitamin B^o weie followed aftei oial administiation to seven 
peinicioiis anemia J\Iost of the obseivations wmie made befoie tiea^ ^jjgiapy 
a few Aveie conducted subsequent! jr dm mg i emission after the 

Thus, blood glucose and blood tyiosine levels weie deteimine o 

S. Co Inc Bahway, N J 


Kindij supplied by Dr Augustus Gibson of Merck 
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01 al adraiiiistration of single dosei of oO and 10 Gin lespectivelj of tliose sub 
stances to fasting patients Tlic test substances «cri, mnsed togetliei and gi\eu 
simultaneously niUi either 150 ml of normal liimiau gastiic juice ot with an 
equal amount of plijsiologic salt solution upon alternate dajs Blood alpha 
ammo nitrogen and nonproteiii nitiogen leiels ueie similarly followed after 
the ingestion of 50 Gni of iitaniinfiLC casein (Labco) (previous!) shown to 
contain no evtnnsie factor)'® luth either physiologic saline or normal human 
gastric juice upon diffeient dais Glucose deterniinatioiis iicie made accoidiiig 
to the method of Polin and Wu" and of roim,'" tirosme by the method of 
Bernhart and Seliueider alpha ammo iiitiogen bi the method of Kranel '■* and 
nonprotein nitrogen bj the method of 1 olm and u ’ As shoivn in Table II, 
no consistent]) enhanced absoiptiic cftects upon glucose lt)iosine, oi casein 
were obseried that could he attidnited to the gisfnc juice in an) of the patients 
with pernicious anemia so tested bctoic eftettiie theiapv Not shown are the 
similar negative results obtained ill i few patients attci tieatnicnt 

The possible hematopoietic potentiating effect ot normal human gastne 
juice upon synthetic pteroilghitamic acid" eitlici hi iiicieasing its absorption 
or by other action was also assaied m two patients Cases 112 and 113, not 
included ui the tables To eacii 0 5 mg of pfeioi Igiutaniic acid was given oiall) 
ilaili during a fiist peiiod of ten oi moic dais together with 150 ml of pli)3io 
logic saline, and dunng a second peiiod of ten dais the same amount of ptero)i 
glutamic acid was given oraili daili togethci with 150 ml of normal human 
oOstric juice In the first period of Case 112 a leticuloei te peak of 1 3 per cent 
was leached on the eighth da) following an iiutni led blood cell count of 1 63 
tmllion per cubic nullmietor In Case 113 the coriespondmg value was 81 per 
oent iwticulocytes on the eleventh dai following an initial red blood cell level 
of 1 86 million per cubic millimctei When gastric juice leplaccd the ph)3io 
logic saline in the second periods no detectable icticuloejtc peaks appeared in 
oithei patient Thus no hematopoietic potentiating effect of iioiinal human 
oOstiic juice upon pteiov Ighitamic acid was observed 

DISCUSSION 

111 1938 Dock'® wiole ‘ It seems probable that beef muscle contams the 
vanie material as iivei but in quantities too small to he effective unless absorp 
tioii IS iiieieased bj gastrii oi enteric ferment I oi some reason paienteral 
■abinnistration of muscle evtiaet seems not to have been tiled, but eatiact of 
muscle which had been iiienbated with gastiic juice was potent in AVilkm^on 's 
evpeiimeiits " 

The potentiation ot the beiiialoiioietie letivitv ol vitamin B, with gastric 
juice upon oial admiinstiation' * and the present eontiiiiiatiou of our pro 
hmiiiarj obseivation' that the evtimsie factor of beef muscle is heiiiatopoi 
uticallj active upon parenteral administration iiithoxit gastric juice go far to 
support Dock’s suimise It is of interest that Wilkinson'* emplojed b) dad) 
inlramusculai injection an evtiaict denied from about the same amount ot 

nuer klnOlj suppllvU bj Dr Cm VV Clark ot Dcdcrle Laboratories lac Pearl 
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beef muscle is ue used Altliou„h it wus idmiiusteied subsequent to mcubu 
tion tvith ail estnct of hog murosu it seems piohable that this t\as the first 
demonstration, though not then so inteipittcd of the hematopoietic activiti 
of a beef muscle extract upon paienteial administration 

The potentiating effect of iioiiiial human gastiic juice upon oially ad 
ministered vitamin has been demonstrated '' The present ohseivations 
fail to show anj enhanced absorption bj gastiic juice of I tyrosine, glucose, oi 
of the digestive products of oiallv admiiiisteied casern Pterojlglutamio acid 
Mas not demonstrably moie active in pioduciiig a reticulocjte lespouse when 
given with gastric juice than with an equal amount of physiologic salt solution 
On the basis of the present evidence then the action of intrinsic factor appeals 
to be a specific one — presumablj a hematopoietic potentiating effect on sub 
stances possessing identity with or chemical similaiitv to vitamin B,, 

There is suggestive evidence however, that vitamm B, may exist in nature, 
not neeessaiilj in the pure form emplojed in these observations, hut rather as 
protein ‘conjugates’ or analogues Thus Smith and Pdikei'“ noted the 
“dramatic” increase in concentration effected b> hjdioljsis with trjpsni of 
liver fractions containing vitamm B, Accoiding to Cohn and associates,*'’ the 
antiperiiioious anemia activitj of liver maj remain hrgelj with the proteins 
if then denaturation is avoided during the chemical fiactionation of the liver 
A synthetic modification of vitamm B, known as vitamm Bj^a ' with definite 
though reduced hematopoietic activitj has recently been made by hydiogena 
tion of vitamin Bu By chromatography a second crjstallme variant, designated 
as vitamm B^t has been propaied fiom liver and appears to possess biologic 
activity m both chick and microbial assays * 

Finally, from the compaiative degrees of potentiation of pme vitamm Bj 
and of the present beef muscle extiaet by normal human gastric juice, at least 
an impression of a discrepancy is convened Thus m our previously reported 
observations,’ with the exception of Case 102 the potentiation of the activitj 
of 5 of pure vitamm B,, by gastnc juice though definite, was not remark 
able m terms of reticuloejte lesponses Yet m the present observations upon 
Cases 108 and 111, the dailj dose 10 ml of the beef muscle extract emploj ed, 
although possessing upon intravenous injection distmetly less than the hemato 
poietie activity of 1 /ig of pure vitamm B,, was iieveitlieless capable of dc 
tectablo increase m hematopoietic effect when given orallj m the same dosage 
with gastric juice According to miciobial assajs using the organism Lacto 
bacillus lactis Doruer,* the vitamm B, content of 10 ml of tins beef muscle 
extract was 0 9 miorogram Assaj of the same extract using the organism 
^actohacillus leic/tmaiinii”t demonstiated 0 37 jxg of vitamin B, per 10 milli 
liters In the lattei method the effect of bacterial giovvth promoting substances 
other than vitamin B, is stated to be detei mined by difference following 
destruction of the vitamin B, ill an aliquot portion of the sample hj alkaline 
lijdrolysis This procedure completely destroyed the mierohial actmtj for 

^ ^ These as<taj9 were klndl> pel formed b> tho liboratorlca of Merck i Co Inc. Rahwa> 

, IThe e assaxs xvere klndl> perforrneJ by Dr Thomas If Jukes of Ledcrlc laboratories 

‘nc P ail Rher N T 
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L hiikmnnnn, <uul so piesiuuabh imlieates the absence ot si^j-inhccmt (itidiititiei 
ol thvmiclinc oi ot othei desox^^nbosides The lesults obtained upon miciohial 
assuA aio seemingly in ieasonabl\ close agiceinent with each othei and with 
the cluneal effects upon intiavenons inieetioii m Cases lOS and 111 However, 
as mdieated, the poteiitiatuig effect ol gastiic juice upon the beef muscle ex 
tiact when oially admmisteied is peihaps gicater than would be expected fiom 
less than 1 /xg oi vutaiiiiii B,. Tims, it is possible that substances in the beef 
muscle cxtuict othei than niieiobialfy active vitamin Bj, may be effective as 
tood (cxtunsic) factoi in peinieious anemia Yet, so fai as can be nifeiied 
tiom the negative lesults ot the studies with glucose, btyiosnie, casein, and 
lileiov Iglulanuc acid, the fiinetion ot the gastiic (intiinsic) faetoi is a specific 
one 


SLMUVKV AND CONLLUSIONS 

1 Ohseivatioiis vveic made duiing successive peiiods of ten oi nioie dau 
111 seven patients with addisoman peimuoiis anemia employing a 70 pei cent 
alcohol extiact of bccl muscle as a soiuce of food (extiiiisic) faetoi 

2 When 10 ml oi the extinct denied iioiii 400 Gm of beef iiuiscle neie 
giieii daih bj mouth to these patients, a detectable letieulocyte i espouse ap 
peaied m oiilj one mstanco When the extiact was giveu togetliei with 150 ml 
oi noinial human gastiic juice to ioui patients, leticulocite lesponses appeared 
in all instances, and when the mateiial was subsequently given lutiavenonsh 
without gastiic juice to tliice ot these patients, anothei leticulocyte lesponse 
appealed, thus indicating gioatei homatopoietic actiiitv 

3 In two patients it was shown tliat the hematopoietic effect of 10 nil ot 

the beet muscle extiact uiion dailj intiavcnoiis injection was less than that oi 
the daily intiamusculai injection ot 1 /xg ot ciystalluie vitamin B,, ^ 

assavs indicated that 10 ml ot the beef iiinscle extiact contained Irom 0 o 
0 9 gg of V itaniin B,. aetivitv 

4 Howevei judging tiom oiir pievious obseivations upon the poteiitia 
tion of 5 /xg ot civstalline vitamin Bjo bj iioinial liiiniaa gastiic 
hematopoietic activity of the beet muscle extiact when given oially w hi oOs 
juice appealed to be siupiisingly gieat 

5 Only this fact suggests that substances iii the meat * jj 

vitamin B 12 axe susceptible ot potentiation bv iioinial liiimaii gastiic juice 
Dial admniistiation in pernicious anemia , 

6 No evidence was obtained foi a uouspecific effect of gastiic 
tactoi' in inci easing the hematopoietic action of pteioylglulaniic aei “ 
moting the intestinal absoiption of glucose, ?-tyiosiiie, 01 the igcs ion 
ot casein 

We desire to express our mdebtednesa to the late Dr Lionel ]n\c n- 

liappily interrupted the prelinunarj ivorL that led to the present jjcailo ol 

ceived much valuable advice from Dr Arnold B Weldi and Dr 0 jj,sa FhvUis 

School of iledicine of Western Reserve University Bmally, v\e are gr of 

Gordon, Mrs Katharine Bingham, and Miss Angela Pasquanel 0 or 
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TOETHER OBSERVATIONS OiN THE USE OF THE URINAIB 
PIGMENT-CREATININE RATIO FOR THE jMEASUREMENT 
OP BASAL METABOLIC RATE 


Jefferson J Vouzimer, MD, PACP, vnd Irv B Cohen, MD 

New York, N Y 

TN A pievioiis comniunieatioii,'* it Mas found that an accuiate coirelation ex 
isted between llic basal metabolic lates as deteimuied by the lespiratorv 
caloumetei and the uunaiy pigment-eieatmme ratio (P/C) f On the basis 
of statistically lalid lesults obtained in 156 adult female subjects and 57 adult 
male subjects, legiessioii eijuations wcie derived which peimit the calculation 
of the basal metabolic late tioin the luinaiy pigment-cieatmine ratio These 
equations aie 


B M R = 57 0 + 0 25 P/C 
J^enialL B ir R = 54 7 + 0 22 P/C 

This piesent studj is an aiuihsis of tJie lesults obtained m comparing 
the basal metabolic lates deteimuied by tlie lespiiatoiy caloumetei and the 
pigment-cieatmine ratio lu 740 obseivatioiis made on 424 adult patients Ot 
the 740 obseivatioiis, 457 (G1 7 {lei cent) ueie on eiitliyioid patients, 168 (228 
pel cent) were on hypeithj'-ioid patients, and 115 (15 5 pei cent) were on 
hypothyroid patients The clinical mateiial consisted of hospital, private, and 
out-patient depaitment patients 


RESULIS 

We have pieviouslj lepoited'* that the determination of the pigment 
eieatinine ratio is unreliable in the presence of increased bihrubmeniia, 
azotemia, and in the presence of hemoglobiiruria and drugs and foods which 
impait an abnoimal coloi to tlie urine (eg, iiboflaMii, aureoniycin, beets, and 
ihubaib) There weie 32 such cases iii oiii senes The pigment creatinine 
deteimmatiou is also deficient in inedsunng hypometabolism, laiely indicating 
metabolic lates of less than -15 pei cent There were 115 observations on 
cases of tins type in oui senes Thus, theie iveie 147 instances in which the 
pigment-ei eatinine detennination would not be expected to be of diagnostic 
value 

Of the lemainmg 593 observations, the BMR as deteiinined by fi'® 
respiratoiy caloriinetei and the pigmeiit-ci eatinine latio agieed with each otiei 
and with tlie clinical findings in 508 cases (85 6 pei cent) Of tliese ^ 
observations, 380 ( 64 0 pei cent) were on eiitliyioid patients and 128 
cent) weie on hypeithyioid patients In 58 cases (9 8 pei cent) the B 
as determined by the pigmeiit-cieatiiiuie latio was nioie consistent in 
clinical findings than the BMR deteiinined on the basis of oxygea 


From the Medical Sen ice Bctli IsiulI Hospital 
Xided by a giant from XIi Samuel Koenig 
Received foi publication June 30 1349 
•Vorzimer J j Coben I B and Joskou J 
foi the Measuiement of Basal Metabolic Rate J Lab - _ 

tThe chemical determinations imolvcd in this test can be Oohe in 
minutes and can be pertoimed easilj in anj loutint, chemical Ixboraiorv 

1512 


ns" 

CUN MED S4 



URINARY PIGMENT CREATININE RATIO FOR ME VSUREMENT OF B M R 1513 


Table I Besults of Tests— Excluding Obserwtions iv Which P/C ^^ooLD \ot Bf 
Used for Diagnostic Purposes 



1 VUMBER OP 1 

1 FI 

CENT 

resuLT 

] OaSERt VTIONS I 

OF TOTM 

BlIR and P/C agree with each other and 
with the clmical findings 

a Euthyroids 

3S0 

04 0 


b Hyperthyroids 

US 

oOS 

21 6 

85 0 

P/C more accurate than BMR 

a Euthyroids 

4S 

81 


b Hjpertli>roid3 

in 

jS 

11 

0 S 

BMR more accurate than P/C 

a Euthyroids 

14 

- 4 


b Hyperthyroids 

n 




27 


4 0 

Total 

593 


100 0 


The P/C determination Is not reliable in eases of Jaundice azotemia, and In the presence 
of hemoglobinuria or drugs that color the urine (3 or In hypothjroldlsm — metabolism 

below -15 per cent (116 cases) 


sumption Of these 58 eases 48 (81 pei cent) ivere euthjroid patients and 
10 (17 pel cent) weie hjpeithjioid patients In 27 cases (4G per cent) 
the BMB determined by tlie pi£,nieut cieatinme latio was less in agreement 
mth the clinical findings than «as the B II R as detei mined bj the respiratorj 
calormieter Of these 27 eases, 14 (2 4 per cent) were euthjroid patients and 
13 (2 2 per cent) weie hjperthyioid patients Tims in 566 observations 
(05 4 per cent), tlie BMB as determined bv the pigment oreatinino ratio in 
normal and hj pertliyroid patients was of diagnostic value In the remaining 
27 cases (4 6 per cent) the pigment creatinine metabolic rate was iiiaeoiiiato 

DISCUSSION 

The observation tliat the BMB as calculated from the uiiiiarj pigment 
eieatinine ratio is at least as accuiatc as tint calculated fiom the respiiatoiv 
calonmeter in 95 4 pci cent of instances vv ben cases in vv Inch the pigment 
creatinine ratio would not be e\pectcd to be accurate are eliminated indicates 
that tlie pigment eieatimne B JI B should be used to check the oxygen con 
sumption BMB when the latter does not seem to agree with the elinical 
picture In addition, there is a group (58 cases or 9 8 per cent of patients 
having metabolism tests) in which the BMB calculated by the pigment 
creatinine ratio should be used in preference to the BMB determined bv 
CM gen consumption We weie able to break down this group into five tjpes 

1 Cases of iij peitliyioidisni uiidei prolonged theiapy in winch the BMB 
remains elevated in spite of clinical impiovemeiit — 10 cases 

Example A E a •iSjtaroId white man was etn m the Outpatient department for 
the first time m December 1945, complaining of weakness nervou ness palpitations and 
'leight loss for one year Ph>sical examination reicaled an enlarged firm tliTTOid gland 
warm moist skin, and a tachjcardio. BMR « is -KiO He uas giien tbiouracil and later 
changed to propylthiouracil m adequate dosage The patient showed gam in weight and 
disappearance of all signs of th>rotoiicosis except that repeated BMR dt-lerminations 
leaained between +30 and +48 The patient volunteered this information, When taking 
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1 BMR I’m alwajs m,r\ous iiul feel is if I’m ilioking ” In Jul), 194S, it was decideil 
to stop all antithvroul medication is the patient was asymptomatic although the BME wa^ 
+30 In Noiember, 1948, while the p itient w is still clinunlh euthyroid, the owgen con 
sumption BMR was +32 while the BMR c ilcnlated on the basis of uriiian pigment 
1 reatinine ntio w is successively -4 and +2 In J inuary, 1940, while still asymptomatic, 
the ovigen consumption BMR was +30 while the BMR calculated from the P/C was -8 

2 Cases in which an aii\iety state oi iieuiocneiilatoiy asthenia causes 
an abnoiiiialh elevated B iM E ineoiisistent with tlie clinical findings— 32 cases 


/ xample J S C , i 47 year old wliite worn in, w is admitted to the hospital March 3, 
1949 She giue i thieeyear history of ncriousncss, hypertension, palpitations, heat in 
tolerance, and sweating In December, 1910, her BMR was -i50 and a subtotal thyroid 
ectomy w is performed Her symptoms pcisisted for eighteen months postoperatiiely In 
July, 194S, she had a BMR of +7 with all the symptoms of thy rotoMCOsis still present 
Her present admission y\as due to tho appearance of l small nodule on the left side of the 
thyroid gland She shoyycd no eiidencc of \y eight loss, there was no tremor, the pube rate 
was 100 She yyas quite apprehonsne about the prospect of further surgery On March 9, 
1949, tho ox'ygen consumption BMR y\as +24 whereas the P/C BME was -11 On 
March 15, the oxygen consumption BMR yyas +21 while the P/C BME was -13 On 
March 10, tho patient yyns reassured that no surgery yyould be necessary She slept ivcll 
that night and on the following day the oxygen consumption BME yvas +7 and the P/C 
BME yyas -S The patient \yas discharged from the hospital mtli tho diagnosis of meno 
pause, essential hypertension, uid luxioty state This patient had roteived no specific therapy 
at any tune duiiiig liei hospital stay 


Example B G A , a 27 yc ii old yyhitc yyomuu, yvus admitted to the hospita m ^ 
1949, for an eialuation of an. asymiitomatic hypertension known to be 
mouths Tho only significant finding on jihysicil examination was a blood pressure o - 
On January 19, a BMR was rcpoited as +34, tlie P/C BAIR 
January 25, a repeat ox-ygen consumptioii BMR y\as -1, the P/C BMR a is \g dis 
-2 There yyas no specific theiapy giycn during tlie hospital stay The pa len w 
charged yyith a diagnosis of essential hypertension 

Example C B A\' , a SOycirold yylutc yyounu, was ref cried to the q (p 

one of tho luthors ( J J A ) for the first time in Apiril, 1949, because she ha een ^ 

have a BMR of +00 t\yo yyeeks prcyiously She compl lined of ,1 

weight loss lu the past twenty mouths following a pregnancy Physical gpght 

warm moist skin, thyroid moderately eulaiged, pulse rate 12S por on 

prominence of the eyes A BMR at this time was +47 The patien pofieut 

cycloliexylmethyltluouiacil, 300 mg per day AVitli the institution of ^ jgmaincd 

began to feel better and gain weight, and the pulse rate fell although tie 
eley ited Piye weeks after she was first seen, she had no complaints, is oP tht 

and the pulse rate yyas 72 pei minute A BMR at this time was + B jfEi 

discrepancy between the clinical condition of the patient and the oxygea co 
a P/C BMR w as determined and found to be -3 

3 Cases in w’liich it is not technically possible to obtain 

BME (eg edentulous patients, patients with punctiiiec ea 
syvalloyveis)— 5 cases bo 

Example G S , a 67 year old yvhite yvoman, complained of nuiner'’^” 

evidence of hyperthyroidism clinicaUy, but because the patieM two succesai^ 

attempts to do a basal metabolism test were unsuccessful In c o er, 

P/C BMR determmations yvere +3 and -2 f 1 the 

4 Cases in yvliich a basal nietaholisni test is done on ^ ^jieie is n® 

time as pait of a loutine work-np and yields a high lesu 

evidence of hypeithyioidisin — 10 cases 
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Example S F , i, oG) car old white woman cniuo to the Outpatient department com 
plammg of pains in the knees which wore diagnosed os due to osteoarthritis She ^as 
o8 inches tall and weighed 20_ poun 1 \sidc from the obe ity and arthritis the physical 
examination wan negative A routine owgon eon umption BMR was +''0 The P/C BMR 
was +8 

5 Cases in tvluch the piticnl ictuses to undergo i metabolism detemm'i 
tiou — 1 case 

Example I C , i 22 yc ir old while woman was known to be a diabetic for four jears 
She had had numerous hjpoglyceniie reaition She was hospitalized because of frequent 
episodes of nervousness and swcatin^ wlnili her physician attributed to an anxiety state 
bhe became ler^ upset at the prospe t ot undir^ouip, a basil metabolism test and refused 
it A BMR calculated on the urinary pi^,iiitnt crentmiiie ratio was -3 Tins re ult cou 
firmed her phjsiciau s impres ion 


bUMM \il\ 

The lesults of the coiiipaiisoii of the basd metabolic late as detcimincd 
by the oxygon consumption method and l)\ the unnai'j pigment cieatininc 
ratio method (P/C) in 740 ohsenatious made on 424 patients aic icported 
Of the 740 ohsoivations 457 (G1 7 pei cent) «eit on enthjioid patients, 1G8 
(22 8 pel cent) ware on Inpcitluioid patients and 115 (15 5 pel cent) weie 
on hypothyroid patients The clinic d nialeual consisted o£ hospital private 
and out patient department patients 

The BMR as determined In the pigment cieatnune ratio (P/C) is un 
rehable in eases of hypothvioidism Inpcibiluubmemia azotemia, and m oases 
in which the mine is disooloied bj dings or foods Theie were 147 such oases 
in this series If these obseivations are eliminated then the P/C BMR is at 
least as accurate as the o\) gen consumption B bl R in 95 4 pel cent of the 
remainmg cases 

The P/C BMR should he used to cliecU all cases in vvhieh the oxygen 
consumption BMR does not agicc with the clinical findings in euthyroid and 
hyperthyroid patients 

The P/C BMR determination should be used in pieferencc to the oxygen 
eensumption BMR for the folltmmg gionps of patients (9 8 per cuit of onr 
series) 

1 Cases of hyperthyioidism undei piolonged theiapy in whicli the BMR 
leniains elevated in spite of clmicnl impiovcment 

2 Cases in which anxiety state or iicurocirculatoi v asthenia causes rn ah 
normally elevated BMR inconsistent with the clinical diagnosis 

3 Gases m which it is technically impossible to obtain an accurate B M R 

4 Cases in which a basal metabolism test is done on a patient foi the first 
time and yields a high result where theie is no evidence of hy peithvioidism 

5 Cases in which the patient lefuses to undergo a metabolism do 

termination 

The authors apprcciato the techmral i sistanie rt-iiJerLci 1,\ XIrs Jennie Shatton Miss 
EJna Xrrt anvl Xliaa ViTginia hreUmticr and arc gratvful to tlr Jules JosVovr, Bepart 
meat of Econonnes The Cite College of Xen \ort for his statistiriil analysis of the 
results 



EFFECT OF RETAINED BRONCHIAL LIPIODOL ON BLOOD IODINE 


LfRoy Hide, jM D , Van Nuys, Cvlif , and Bfrnard 
Hydf, M D , Los Angdlfs, C \lif 

N umerous studies have been made on the metabolism of iodine and blood 
iodine levels in noinial people and in vaiioiis pathologic conditions 
Normal standaids foi pi otein-bound blood iodine have been established,’ ’ ’ 
3 0 to 8 5 /ig pel 100 ml of blood being the quoted iioinial lange In oui 
laboiatoiy, 5 to 7 /ig pei 100 ml is eonsideied noinial Patients with pul 
moiiaiy tubeieulosis have noimal pi otein-bound blood iodine values’ Normal 
blood iodine values have been seemed in numeioiis othei pathologic condi 
tions Most obseiveis agiee that hypei tliyi oidism pioduces an elevation of 
the pi otein-bound blood iodine’ - " ® Tuinei- found elevated blood iodine 
levels, up to IS /xg pei 100 ml of blood, in Ijmphatie leiicemia Seveial 
obseiveis’’ “ have found inei eased pi otein-bound blood iodine values in patients 
with livei and gall bladdei disease The eftects of pieviously adniinisteied 
iodine eoiitainiiig compounds such as gall bladdei djes must be always home 
111 mind in these lattei patients It is known that the livei takes up iodine 
and exeietes it into the bile Cohn and Feldman® quote Gieene and Biiigei as 
finding noimal blood iodine values in livei and gall bladdei disease, if I'o 
iodine eontaining compounds had been taken pieviously Cohn and Feldman 
found expel imentally that common bile duct ligation in cats failed to pio uce 
an elevation of blood iodine The admmistiation of gall bladdei dyes, low^ 
evei, elevates the piotein-bound blood iodine for seveial weeks A gioJP 
patients with advanced livei disease was compaied with a group of 
subjects, and blood iodine levels vv^ere found to be similai Rabbits 
elevation of blood iodine following caibon tetiachloiide poisoning to pio 
livei cell neciosis and extensiv'^e livei damage ® i, er 

It IS quite deal that an elevated blood iodine may be due to 
thyioidism and pievious administiation of iodine containing compomi 
othei things ® Chemical laboi atones domg blood iodine 
usually lecommend that patients do not leceive any {gst 

pounds foi fiom ten to thiity days piioi to the deteimination o ' 

No infoimation can be found in the liteiatuie concerning t e qu 
effect on the pi otein-bound blood iodine of letained Lipiodo m 
and alveoli of the lung as a lesult of pievious bionchogianis 
noted “the prolonged ‘spin ions’ elevation of pioteiii-boiiiK as 

follows the administi ation of such oi game iodine containing coi 

From the Pulmonary Disease Service Birmingham Veterans Evangelist® 

Nuys Calif the Los Angeles General Hospital and thu Coiieg 

Xngeles Calif ^ approval of 

Sponsored by the Veterans Administration and Pdf’', the authors are faminlst''^ 

Medical Director The statements and conclusions PPPl'^d^dT-iv of the Veterans a 
their own study and do not necessarily reflect the opinion or poi y 
tlon 

Kecelved for publication July 1 1949 
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PROTEIN BOUND BLOOD IODINE IN MICROCRAMS X 


EFFECT OF RETMNED BRONCHI VL LIPIODOL ON BLOOD IODINE 


PROTEIN BOUND IODINE BLOOD 
LEVELS AT VARIOUS TIMES AFTER 
UPlODOL BRONCHOS RAMS 


t H l« « 10 U M li !• »0 U M It 

TIME IN MONTHS AFTER UPlOOOL 


LIPIOOOL BRONCKOCRAM 
BEFORE LIPIOOOL 



PROTEIN BOUND IODINE 
BLOOD LEVELS ST 3 
MONTHS POST LIPIODOL 
(ENLARCEMENT OF BOXED AREA OF FIG 1} 


TIME IN MONTHS AFTER LIPIOOOL 
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lodeikou 01 Lipioclol used m loeutgenogiapliv ” Saltei'" has stated that "the 
mtiathecal injection of Lipiodol may loini a localized leseivoii ot iodine ivluch 
will slowly ieed small amounts of iodine into the geneial ciiculation ovei the 
eoiiise of many weeks ” Commiimeation with seveial chemical laboiatoiies 
and with the maniifactiii ei s of Lipiodol indieates that the cjiiantitatne effect 


PROTEIN-BOUND IODINE BLOOD 



Fig 3 

of letained Lipiodol is unknown and no studies have been piihhshed 
pill pose of the jnesent woik is to deteiniine the effect of letainee ip 
upon the blood iodine ^^1 ^,1 

Foity-one deteimiiiations of piotein-bound blood iodine ® of 

thnty patients at vaiying known inteivals folloiving the ' ^^^1 y^od 
LipiodoL foi a bionchogiam Foiu patients had noimal pi oteiii 
iodine deteimiiiations befoie Lipiodol instillation (6, 6, 7, and S P^ 

It soon became appaient that letained Lipiodol causes an e ei a ^ iqq 
blood lodinef foi piolonged peiiods of tune Values of The 

ml of blood weie seemed one week following the instillation 0 iP 

lillillter 

•Lipiodol 40 per cent containing 540 mg of iodine by "'®o^*'^nf'*Uie”broncIii , 

Vaiying amounts from 5 to 20 ml were Instilled for visualization 

t Blood iodine refei s to protein bound blood iodine as aeternii precipibi^t' P 
Barker n modiBed by M E Morton using 10 per cent tricliloracctic 
protein 




ttPLOT OF RFIUNED BRONCHIVL LIUODOL OX BLOOD lODINL 
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protein bound blood iodine le\el dioppecl xatliei lapidly to a\enge appioM 
mately 200 fig pei 100 ml of blood one month iftei instillation of Lipiodol 
(still greatly elevated) and then giaduallj diopped fuithei foi some time It 
IS impoitant to note that the cun e diawn of the i aiious i alues of blood iodine 
plotted against the time since the last hionehogiam did not leach the noimil 
range (I to 8 fig pei 100 ml blood) until se\enteen months aftei the patient’s 
hst bionchogi am (rie,s 1 2 and"!) 

SUMMIRV VXD LONCLUSIOXS 

1 Instillation of Lipiodol foi a Inoncliogiam piodnces extreniclj high 
le\ela of piotem bound lilood iodine foi piolonged peiiods (months) 

2 It requnes appioximateh sexonteon months for the blood lodmc Icxel 
to reach noimal in patients uho hu\e leccucd bronchogiains xxith Lipiodol 
Induidual patients max ha\e elexated blood iodine xalues foi tliice and foui 
xears 

3 Blood iodine cannot be used as a diignostic agent (Oo in suspected 
cases of Inpeithxioidism) in patients xxho hnc liad Lipiodol bionehogiams 
Mithin the piexious tuo xeais and possibh longer 

Grateful acl{iio\\lede,niont nnOc to Hlen M Balir for the hlooil loiline ditornunutions 
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THE EFFECT OF THYROID SECRETORY ACTIVITY ON THE 
DISTRIBUTION OF RADIOIODINE IN PLASMA 


Albeui M Pot'j^s, j\I D , Ph D , Reginald A Shipley, jM D , 
John P Storaasli, jM D , and Hymer L Friedell, M D , Ph D 
Cleveland, Ohio 


W HEN labelled moiganic iodide ib admmisteied by mouth, 90 pei ceut or 
nioie is absoibed in ninety minutes ^ Dining tins uiten’al, and foi seveial 
boms tlieieaftei, a poition of the adninnsteied dose diftuses into the extra 
cellulai flind "While absoiption and diftusion aie occuiimg and dining the 
ensuing twentj-foin to toity-eight horns almost all of the iodide ion is com 
petituely lemoved fioni the blood and body fluid by the thyioid gland and 
the kidneys That 11111011 is tiapped by the tliyioid is soon synthesized into 
hoiinone A yaiiable poition of the lattei is stoied 111 the gland while the 
lemaindei is secieted into the blood Once thyioid hoinione is leleased into 
the blood it appaiently undeigoes a sloiy degiaclation at the late of about 
5 pel cent of the existing leyel pci day- Both the late at which the tlijioid 
gland lemoves lodiue liom the blood and the total amount ultimately retained 
by the gland aie chaiaeteiistically^ influenced by the state of thyioid activit) 
provided the gland has not been previously satin ated with iodine Each as 
been measuied lepeatedlj'^ 111 human subjects by cliiect and ludiieet tec 
inques ^ Howevei, a more positive ineasiuement of thyioid function non ^ 
necessitate an estimation of the actual rate ot hoimone secietion This piesen 
study IS, theiefoio, chiefly eoneeined wuth the problem of the late 0 
of hormone and is based upon seiial deteiminations of ladioio me 
organic fi action of plasma at successive inteivals aftei the administia loii 0 
tiacei dose of 1 “’ 


methods 


Subjects selectecl for study included patients uitli either h)perth)roi ism^or^^^ patient' 
along uith a group of euthyroid subjects to sene as controls la mconsiste"' 

i\as the diagnosis equivocal because of grosslj atjpical clitutal ftu antidwc'*' 

laboratory data No subject had received iodine therapy within six wee a 
drugs ivitlnn two weeks before the experiments were started p o j^c except 

The tracer dose of Iim was gi\en orallj and varied from 01 subjects 

occasional patients with hj perthyroidism who leceived Of miUicurie * uuntained not 

received more than 01 millicurie The material was either carrier ree^ eight; aeil 
more than 0 5 mg of Nal Blood samples were drawn at and a 5 ce 

twenty four hours after ingestion of the tracer dose These " j jjaxide reagent 

portion of plasma precipitated with 43 cc of feomogyi’s zinc sulfate so m a 20 te ahquot 
(45 c e ) as described bv Man and associates '» After centri^ uga (29 sq 

of supernatant was removed and evaporated to dryness m a - {,(,n uas considcr^'^ 

cm area) by the aid of an infrared lamp The activity of ns 
to represent that of iiiorginic iodine 
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The protem piccipitite winch cent lined organic hormonal lodme was washed three 
times with 50 c c portions of water Assajs of the washings on si\ different blood samples 
indicated that any addition il washing would not reinoie more actiiity than 05 per cent 
of that in the total supern it iiit fraction from which the precipntate was removed The 
washed precipitate w is quantitatnelj ti insferred to i weighed ointment tin and dned 
under the heat lamp It was then distributed eiciilj over the bottom of the tin with 
the help of a stirring rod and i small quantity of icetone The half densitv of the 
piecipitate in the containers aici iged oiilv 10 mg per square centimeter 

Counts were nude under i Geiger Mullei tulic witli a 6 mg per square centimeter 
mica w iiidow , C 2 cm m diameter and connected w ith a sc do of 8 counter Vn appropriate- 
sizod aliquot of the original niiterial w la counted it the sime time so that deca\ cahu 
latious were unnecessarj Aliquots of the stiiidard iiid inorginic fraction were combined 
with 1 cc of a solution recommended b\ the Oik Ridge National Laboratorv to preient 
loss of \ olatile iodine * 


RESULTS 

IndiMcIual \alues aic lecoiclcd m Table I, and composite cuiies of tlie 
11101 game and oiganic fi actions aie depicted m Fig 1 The lalue of the 
inoiganic fiaction at two horns isas aibitiaiih set at 100 pei cent as lefeieiice 
foi tlie lemaiiiuig detei niinations Since total lilood oi liodj iodine content lus 
not known, theie iias no adiantage in cniploMiig the oiiginal dose as a staii ai 
foi coinpaiison 

The iiioigaiiic liactioii is seen to decline much moie lapicUv in 
till 1 Old patients than in iioiinals This is piesnmed to be due to tie wme 
lapid late ot lemoial hj the thvioid gland, piovided theie is no signi ca“ 
ineiease iii the late of leiial lemocal It is ot interest that the . 

plasma iodine with time iii the tluee cui\es does not gne a stiaigit m ^ 
constant slope on a semilegal ithimc plot Without moie points on 
it IS impossible to come to aiii exact conclusions, but it may we e 
leflects the seciuential opeiation ot seceial biologic piocesses, eaci ni 
expiessed bj a tine exponential iuiictioii 

A moie lapicl decline is piesent between the second and eight i 
between the eighth and tweiitY-lomth The initial lapicl fall cou 
two tactois (1 ) The passage of iodine into the exUacellulai m ^ 
to the th-sioid and the mine (2 ) An exaggeiated peak o 
centiation it the late of absoiption should inateiially excee [^gP^iecn 
diffusion into the extiacellulai fluid The slope ot the of most 

the second and eighth houi when moiganic lodme is being i f.,geiiJnpe> 
lapidlj mai be seen in the table and in Fig 1 The with 

thyioid and noimal subjects is xeij leal Howeiei, the ^^om the 

myxedema, although shownug a flattei aveiage ciuve, o no 
noimals to a statistiealh significant degice |,„ei 

The beliavioi of the oigamc ti action likewise is n otyfoi’^th hour 
thyioid subjects as in noimals Between the eighth an ^^]jile tlie 

the patients ivitli hypei thyi oidisin show a distinct m beliawor 

cuive of the iioimal subjects tends to decline Tins * two gio'T® 

of the two cuives is a leal one, as an analysis of tlie s opes 

•^aHb03 500 mg Nil 150 nig NaOH 750 mg water to 1 000 
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\ull ie\eal (Table I) The ticnd of the oi^amc fiaction m in> \edcmdtous 
pitients IS not siguificanth fiom that of the noimal t,iowp 

obscivatioii to he discussed latei is the liioh aetuiU which "was encouiiteied 
m the 01 game fiaction at the t\\o horn period 

MEAN PLASMA RADtOACTIVE IODINE LEVELS 



HOURS 

Hg I 


In foUl of the lupeitlnnoid ])itients and foin noinials additional measuie 
'iienk neio made after foitj ciftht horn's Tlie tiend of the oiganie and in 
or„anio eiines dining this iiiteiial iias similai to tliat obseried betiiccn the 
siohtli and tiientj fourth hour 


DISCU'sSION 

AreConahei Keatin„ and Poiiir hue lecenth itported then results of 
hlood fiactiouation studies in i small sciics of patients and normal subjects 
"ho neie giien doses of 1”‘ ian„iiip fiom 1 to 100 milliciincs“ Oui oiiii 
hndiii^s aiG similai in some uspicts to those lepoited hi this gioup of 
"orkeis The chief point of diffutiiie is that tlic oiganic fiaction m their 
three noimal patients and ilso in the one hipothjioid patient shoned i 
prOoressiie rise albeit "ith a inoie otndiial slope than in tile seiics of hipei 
thjioid eases The cuiies toi both noimal and hipothjroid patients pieseiited 
lure shoii a slij,ht piogiessiic tall in actiiiti of this fi letion The i-cason for 
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this decline cannot be deteiinincd with any degiee of pieeision, lioweiei, 
ceitain geneial piinciples should he noted There is a slow piocess of dis 
nitegiation ot thyioid hoiinone in the body fluids nhich should pioeeed at 
appioMinatch equivalent lates in all suboects In hypeitlij-ioidism, with 
lelatnely little hoimone stoied in the gland and a lelative high uptake of 
ladioiodine, it is to bo expected that the inateiial seeieted aftei a tiacei dose 
would be piopoitionatoly iieh in radioactive iodine On the other hand, with 
a normal gland, the eoinpaiatively large amount of piefoimed, noiuadio 
actnc hoimone A\ould foice the gland to deliver to the blood a pioduct 
lelatnelj pool in the newly acquired iadioacti\e component Thus it is 
conceivable that in its noimal state of activity the quota of ladioactne liomione 
delneied to the blood aaouIcI be insufficient to result in a steadily niounting 
actiAity Avithiri the oiganic tiaetion The late of change oi oiganic iodine m 
the blood, theiefoie, does not offer a direct measuie of tine sccietoiy activitA 
That the behayioi ot the oiganie fraction is quantitatn eh’' influenced In thyioid 
liypeiactiMtA is neveitheless eleaily’^ demonstiated by the diffeieuce in slope 
ot the ciiives as shown heie 

The finding of small but unmistakably’ leal quantities of actne matcual 
in the oiganic fi action of patients wuth myxedema in the present studi, au 
111 that of McConaliey and co-woikcis, is of interest Moieovei, our own 
finding ot a lelatively high yalue as soon as tw’o houis aftei ingestion wi i 
a decline during the next six houis even in the presence of hyper thyioi is® 
should also be commented upon Au explanation of the presence ot ac ne 
niateiial in my’xedematous patients, along wuth the tenipoiaiily high eve m 
all patients, might suggest an extiathyioidal synthesis of an oigame lo^i^ 
complex Incubation of seium wutli inoigamc lodme undei physio Ooie co^ 
ditions has not been found to piomote such a synthesis® Moitoii an 
workeis, on the othei hand, have demonstiated the in mao 
thyioxine and diiodoty losiiic in thyioidectoinized lats as eai^ as /'pelieic, 
altei the administiation of labelled moiganic iodide^ It is diflicu o 
lioAveACi, that the liigli level of seiuni activity heie eiicouiiteie a wo 
could be achieved so rapidly by’ extiathyioidal synthesis i 

initial diop in the cuia’C (between tA\o and eight houis) ^ noition of 

attiibuted to simple thyioxine decay Theie is a possibility tia 
the pioteiii-bound mateiial is not actually’ a hoiinonal coinpoun 
is fixed to piotem fully as fiimly’ and resists removal by wasnn 

The usefulness ot a detenumation of blood ladioiodine as^ 
test cannot be detei mined on the basis of the present an ovedap 

difteieiices betAveen mean values can easily be demonstia e , 
exists The steepest slope for the curves of inorganic lo in j^^pgptjjjioid 
houis) in the noimal group Avas -11 (Table I) Both patients 

patients (E N and E FI ) shoAved slopes Avhich Aveie less s seicn‘i 

suffered fiom a i datively chiomc type of disease o j fiacb®“’ 

and each had a lathei laige nodulai gland In the case o tjie basi^ 

if one aibitiaiily divides liA’peithyuoid patients tioni n 
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of a positive or negative slope between eight and twenty four hours, the over 
lap consists of one normal patient with a positive slope and two hypeith>roid 
patients with shghth negative slopes 

Thus the laige majoiitj of oui cases sliow definite diffei cnees between 
normal and hyperthyioid blood values Just how much overlap aetuall> 
exists can be shown onlj bj a laige senes It mav well be that this tjpe of 
determination will prove a useful adjunct to alieadj existing tests for hypei 
thyroidism 

Freedbeig and cowoikers have leeentlv itpoited that piotein bound 
ladioiodine twenty foui houis after a tiatei dose was consistently higher in 
hyperthyioid patients than in iioinnl controls* In the present study the 
rate of change between eight and twentj four boms correlated with clinical 
status more consistently than did the final twentv four hour level 

The behavior of the moigamc fiaction in myxedema was not o^catly 
different fiom noimal 'ind the nte ot change of the oigaiuc component 
was not distinguishable fiom that in the noiinal g>oup In oiu own e\penence 
the best diagnostic cnteiion foi niyxedomi when one employs indioiodine 
techniques is the failuie to demonstnte am local uptake of activitv by diicct 
measuiemeiit ovei the gland with i coiinlei 

bUMU VR\ 

\ftei a tiacci dose of ladioiodiue the activity of the inoigamc fiaction 
of the blood in hyperthyioidism declines moic lapidly than normal y\hilc 
in myxedema the decline tends to be somcyvhat slowei tJian noiinal The 
actuity of the organic fraction is distinctly cleyated in all ty^ies of cases at 
the end of tyvo houis, and then tends to decline between the second and eighth 
houi This decline is piogiessivc foi the ensuing sixteen houis in both noinnl 
i»ubjects and patients yvith myxedema howevci, in patients suffeiiiio from 
hyperthyroidism there is characteiistically a piOoiessue nse m this fiaction 
between the eighth and twenty fuiuth hoiii 

A\e are indebted to Etiicl Buihunlil Chud^ick for loclimcal us-iatan r 


RCtEKENCES 

1 Hamilton T G The Bates of Vbsorption of the Radioiictne Isotopes of Sodium 
Potassium Cblonne Broiuim and Iodine in "Normal Hoiuau Subjetts Vni J 
Phy'^iol 121 GG7 1938 

Bootliby \V M and Baldcs t. J Some Quantitituo Relations of Tlijroxin Cilculuted 
hroni Its Calongenic Action J PJi irmacol 5, Exper Therap 25 ] 9 I92d 

* Kawson R y\ and McArtJiur J "W Hudioiodmo Its Use as i Tool m tlic Study 

of Thyroid Physiology J Clin Endocrinol 7 1947 

4 Kelsey, M P H lines S F and Keating P B. Radioiodinc in tlio btudy and Irtat 

meat of Thyroid Di'ieisc J Clin Endocrinol 9 171, 1949 

0 Man, E B , Smimow A E Gildea E F , ami Peters J P Scrum Iodine Fractions 

m Hyperthyroidism J Clin Im cstigation 21 <7J 194_ 

0 McConahey, W M Keating F B. md Power, M II Tlie Behayior of R idioiodmo 
in the Blood, J Clm Investigation 28 191 1949 

7 Morton M E, Chaikoff L L Reinhardt V\ B and Vndorson E Radioacti\o Iodine 

as an Indicator of tlic Vletaboli m of lodint J Biol Chem 147 io7 1943 

8 Frcedbcrg A S Urelcs V and Hertz S bcruni Le\cl of Protein Bound Radio 

actUL Iodine m the Diagnosis of Hvpcrthxroidism Proc Soc Exper Biol 

i Med 70 679, 1949 



INHIBITION OP THE GROWTH OP STAPHYLOCOCCUS AUREUS 

BY HUMAN SEIMEN 

R RozANbKY, ]\I D , J GuRrvircii, j\I D , A Erze/inska, M D , vnd 

B Ecki rung, M D 
Jerusalem, Israel 

T he pi esence ol ])emcilhn in bhstei fluid of huiaan skin following paieii 
teial and topical application was detei mined by Dostiovsky, GiueMtch, 
and Ro/aiiskj ’ In anothei study the concentiation ot petiieilliu m human 
milk was detei mined bv Rozansk> and Bizezinskv- In puisumg these studies 
fuitliei we attem])ted to detei mine ivliethei penicillin la e\ci eted m the liuiiia'i 
semen It was fiist necessaiy to find out whethei seii’eii m itself has any m 
hibitoiy ettect on the giowth of bacteiia Pielmunaiy examinations levealed 
inhibition ot the gioivth of Staphylococcus auieus by human semen The fol 
lowing IS a detailed lepoit on a studv ot the inhibition of the giowth oi Staph 
nine its by human semen 


M VTERI \LS Also METHODS 


Twenty-eight speciiuens of semen obtained fioin tuenty foiu men bctueei 
the ages of 27 and 47 yeais weie examined The semen of fom patients ii as 
examined twice Five of the examined specimens were azoospeiniic, tenueie 
oligospei inie (speimatozoa count lowei than 60,000,000 pei cubic eentnne ei^^, 
and thiiteen weie noimospeiimc The patients applied to the chine oi 
sultation in eonneetion ivith steiile maiiiage Only one patient ^ 

21) had leceiA'ed 60 mg testosteione inopionate (six injections o ' 
before examination All the others had received no pievioiis 
most instances the semen ivas obtained uiidei as steiile conditions as 
by mastuibation in the outpatient clinic, but in foui instances 
bi ought to the clinic fiom outside Each specimen ivas testec oj 

contamination before examination One specimen was discauei 
contamination by Escli coh In five other ejaculates a feiv colonies o 

coccus alhtis weie found ^ exaiW'®'-* 

The inhibitory eftect of human semen on bacteiial gionti I'u 
by the cup method used in studies on the concentiation of an ^ j]i]„ 

fiist test strain was Staph amens, Heatley, m use in anti lotie ® 
laboiatoiv foi a period of foiii years In the course of latei exp 
additional stiaiiis of Staph auieus iieshly isolated in the laioia o^^^^ 50i 

strain 924 isolated from the uiine of a patient with cystopje i jisual 

isolated fiom the pus in a ease of fuiiinciilosis All thiee s inanintc 

properties of pathogenic stiains of Staph auieus coagn ase p 


positive, actively hemohdic 

Fiom tlie Depaitment of BucteiloloK> imd porolog^ and the DoP 
Gjnecologv of the RothschiUl-Hadabsah Uni\ersitj Hospit 
Received for publication Aug 3 1943 


of Obstetrics 
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Exiunnations weie conducted as follows One cubic centiiuetei of a 
1 1,000 dilution of a twenty foiu lioiu Inoth cultuie of the test stiain wis 
added to 20 c c of nutiieiit a^ai (Difeo) and plates Mcie pouied The plates 
weie left it loom tempeiatuie foi foiii houis aftei which fi\e cups b mm in 
diametei (external) weie placed on each plate 1 oui cups each lecened 0 
diops of the tested ejacul ites and the fifth iccened 3 di ops of a penicillin solu 
tion eontainm" 0 1 unit pei cubic centimetoi The cup containing penicillin 
sened as a contiol of the aiea of inhibition of gioMth of the staphylococci 
The lesults weie lead aftei twent> foni houi*s of incubation at 37® C In 
most examinations two plates iveie piepaied foi each specimen examined The 
specimens weie left at loom tempei ituie foi foui houis befoie examination to 
permit the ejaculates to liquify and to become homogenous "When sufficient 
mateinl was aiailalile lesidues weie stoied at 8° C aftei the fiist examina 
tion and weie le examined twenty foui horn's to seaenta two houis latci 

RESULTS 

The lesults of the examinations are siiminaiized in Tables I II, and III, 
compiising studies iii the Ileatlea stnin stnin 924 and stnin 598 re 
spectn ely 

Aa nnj be seen m lable I twenty thioe of the Iwentj eight specimens 
studied with the Heatley stiam inhibited the giowth of the staphylococcus 
o\ei an aiea fioui 10 to 20 nun in diametei while fiac gi\c nCoatno lesults 
The positue lesults include exinnnations lepeated aftei twentj foiu and 
seienty two houis In thiec instances no inhibition was found at the first ex 
ammation but the same specimens weic positne when examined twenty foui 
and se\entj two houis latei Of the twenty thiee positne specimens fourteen 
yielded similai aieos of inhibition in both plates and nine specimens yielded 
positue lesults in one plate (fom of these specimens weie examined with one 
plate onlj ) Specimen 17 was examined in three pi ites and aiens of inhibition 
16 mm 111 diametei weie ohseiicd in all of them In six instances the semen 
was reexamined following, twenty foui houi*s of stoiage at 8° C Five of 
these specimens weie positue and one was negatue Thiee of the positue 
specimens weie paiticulaily inteiesting because they weie negatue on first 
examination but yielded a distinct area of inhibition twentj foui and seventy 
two houis latei Following two weeks of stoiage at 8° C Specimen 14 yielded 
ail area of inhibition simihi to tint of its fiist examination Specimen 21 
was negatue following one week s stoiage at 8° C 

The inhibitoiy effects of eighteen specimens of human sperm on Staph 
(inreus strain 924 isolated from uiiiie are summaiizcd m Table II 

Fourteen of tlie eighteen specimens weie positue fi\e in two plates and 
nine in one plate Four specimens in this senes were negatue 

Tile inhibition of Staph aureus strain 598 isolated from i fiuuncle, by 
eioht specimens of human speim is summarized in aalile III Of the eight 
examinations fuc weie positue each of them in two plates and (luce were 
negatue when exanmied m one plate onij 
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TABLfc I Inhibition of Gkowtii op Staph aureus, Heatley Strmn, by Human Semei 


/iONF OF inhibition IN MM AFTER 



AOL 01- 

OF SCMFN 

1 SPLKMAIOZOA 

j 4 HP 

24 UR 

1 72 HR 

SI tCniLN 

I ATIh\T 

(cc ) 

( MILLIONS/C C ) 

PL VTB I 


PI VTL I 

PIATLI 

PL.VTE II 

1 

27 

1 

Azoosperniii 
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14 

0 

13 

- 

- 

9 

44 

3 

6 

0 

0 

12 

_ 

- 

10 

47 
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19 
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13 
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38 

2 

85 

11 

0 

15 

- 

- 

28 









(18, on second 
examinition) 

38 

5 

65 

20 

15 

- 

— 



- Not eN-amineil 


0 No Inhlbltiou 



0 No Inhibition 
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Tmjl> III iNinuiTiON OP Guo^^T^ o> Staph auueos, Sti mn 598, by Human Semen 


1 

SlECIMEN 

1 ZONE 01 INJIIUITION IN Mil AFTER 4 HR 

1 PLATE I 1 

! PLATE 11 

14 

12 1 

11 

16 

17 

17 

17 

12 

12 

20 

14 

11 

21 

12 

12 

22 

0 

_ 

23 

0 I 

_ 

28 

0 1 

- 


- Not examined 
0 No inhibition 


COMMENT 

Huiutu semen hns been found capable of inhibiting giowtli of se'seral 
strains of Staph aureus Inhibition was obseived in 80 per cent of the c\ani 
Illations done with tliree stiams of Staph aniens The active principle 
of the semen ivas not associated with the spermatozoa, since only the 
supernatant fluid of the semen was used in the c\peninents This is sup 
ported bj the fact tint foui of the azoospermie specimens shoived inhibitory 
activity At this stage of the investigation, little can be said as to the natuic 
of the actno principle The factoi is stable when stoied foi dajs at 8® C 
Specimen 14 remained actue even aftei fourteen days The active piinciple is 
thermostable Specimen 18 lemamed positive after heating foi half an horn 
at 56° C Specimens 24 and 25 letained their aetuity after CYposuie to 75° C 
for fifteen minutes 

Thiee specimens weie negative in the first e\aniination but found to be 
poMtue 111 e\Tmiuations lepeated aftei twenty foui and seventy two houis 
It may be of interest that these thiee specimens weie not kept at loom tern 
peiatiuc as is usual in these e\pcnments, but weie placed mistakenly in 
the refiigeiTtoi when biought fiom the outpatient clinic It niaj be assumed 
that the houiogenizatioii of these specimens, which takes place at room tern 
perature was mteifered with bj lefiigeiation 

Six specimens of speim which inhibited SiajilL aniens had no eftect on the 
„iowth of Fsch coh 

SUMM 

Tweixty eight speciiueiis of human semen were tested foi then inlubitoii 
effects on the gioAVth of StajiJi aureus Elght^ per cent of the specimens in 
liibited the giowtli of this oiganism Pieliminar^ studies indicate that the 
active principle is associated with the iKiiud pait of the semen Some piop 
erties of the actne pimciplc in the semen aie discussed 
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OBSERVATIONS ON THE USE OF A NEW ANALGESIC, NL 2206 
(3-HYDROXY-N-]\IETHYLMORPIIINAN HYDROBROMJDE) 

L L ZvGER, MD.W W S\\\TELLE, B A, MB , E G Gross, B S, MS, Ml), 
Ph D , S F Nag\i \, B A , M D , axd R T Tidrick, B A , M D 

Iowa Cit\, Iowv 

IMRODUCIIOX 

' I 'HIS IS cl piehmiuaij' lepoit on a thiucal study of the analgesic piopeitiesof 
1 Nu 2206^^ (S-hydiOM -N-nieth> Imoiphinan-hj diobiomide) \\ liicli iiieludes ob 
seivations on a senes ot noimal subjects, on a senes of patients with postopera 
tive pain, and on a senes of patients ivilh intiaetable pain due to cancel In 
instances abstiacted in this lepoit it was possible to obsene the eftect of tins 
diug dunng and attei piolongcd use 

CHEWISIRY 

Nu 2200 (jlijdrow N inethylmorphm ui hydrobromide) Ins the following “^tructunl 
foumila i 


Ncn, 

CH HBr 


i 


/■ 

> 




> 


ir 

Nu 2206 oecuis in the form of colorless crystals melting at 193° to 195° C The substance 
IS lathei soluble in ai iter at 20° C It is easily soluble in water at 100° 0 and in alcoho. 
but it IS insoluble iii ether It has uialgesic pioperties similar to those of morphine an 
some of the other morphine like compounds deiclopied recently n 3 

ADMIMSIK VTION TO IsORM \L SUBJECTS 

The eftect on the pain thieshold in six noinial lolunteei student 
was deteimined by the Haidy-Wolff-Goodell technique Doses used weie 0 o, i > 
2 0, and 3 0 niilligiams Each student leceii^ed two subcutaneous doses o e^i^^ 
ot the torn gi acted doses No subject leceiied moie than two doses eaci 
These doses yveie conipaied ivith doses ot 5 0, 10 0, and 15 0 mg ,ji 

sulfate given in siinilai iiiainiei and inidei similai conditions The lesu 
dicated that Nu-2206 was about foui times as potent as moiphine on a 
giani basis Peak thieshold effects iveie leached at about tlie same ^ 

moiphine but tlieie yvas a someivliat gieatei dination ot eftect The i 
siiie changes weie no gieatei than could be accounted foi by sedation an 
nig of the subject 

1 ,rv and ObActrlci inJ 
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Doses of 0 5 to 1 0 nir, ippaienth piodiiced no svmptoms in am ot the 
\ohintceis othei than a\\ajenes.s of some ^ latiointestnial distiess Slight 

sedation ma^ ha\e occiiiied in some iiistancts Doses of 2 0 ni„ pioduccd some 
nausea (hut no ^omltlna) dizznuss and sedation The subjects weie awaie of 
^ashointcstinal eonti action ind sonic inalnliti to concenti ate DosesofSOnic, 
produced some inusei in practualK ill subjects soinitiiv oceuiicd in tuo dif 
fcient subjects on one occasion each iml dizziness occuiicd m all subjects 
Sedation inability to conccntiatc and auaiciiess of oastiointestinal sjmpfoms 
i\erc cspeiienced bj all subjects In one subject vomitin^ occuricd fi\e to si\ 
hours after the injection No euphoiia was e\peiiencecl b\ anj of the subjects 
In general 3 0 mg of Nu 2206 pioduccd fewei and less scvcic symptoms than 
an equivalent analgesic dose of moipninc A.1I subjects on 3 0 doses stated thej 
citbei went to bed iioht after dmnei (five to si\ liouis aftei injection) or weie 
too sedated to do anv studvin^, diuiiig the coiU'sc of the evening Respiration 
was not studied but In casual olisc nation no significant lespiiatoiv changes 
weie noticeable 

nu 2206 in the thi vtment ot i ostoi hutivf p\in 

Nu 2206 was used subcutaneoush m a tot il of fiftv eight postopeiative 
mological and general surgical patients Tliiitv sin patients (twentv nine uro 
logical and 7 gcneial suigioal) weie given 1 5 nnllip^rams Twelve mological 
patients weie given 4 5 millviams Si\ gcneia) snuical patients weic given 


TVBLE I COMI \UISOS 01 AnAJ^ETK PtrCNClEo Lies SIRCLTVSEOIS INJE(TI0N 


DRUG 

DObI 

1 (WO ) 

M MRLK 

Ok 

IWSLS 

IIEKUTIEVI 1 

% lUSE { 

TIIKESIIOLP 1 
ll±<r 

TIME TO 
RLVCH PL-VK 
M±ff 
(MIN ) 

DUmTlOV TO 
10% OrPEVK 
M±«r* 

Alorphine SO 

10 

( 

21 s>i I 0 

l-i 

24(5 toi. 

Morphine SO 

IJ 

j 

2< 2 i 2 > 

84 0 ± 7 7 

2S0 ±74 

Nu 2200 

1 

11 

10 1 ±ao 

(jo 0 ± ot 

211 ±13 0 

Nu 220G 

o 

0 

l'J2±21 

S2 () + -3 0 

2G7 0 + 214 

Nu 2306 

1 

0 

2-1 S ± 2 P 1 

01 1 +s a 

301 ±27 2 


M ± Is the nieiin eftcct * Us standard deflation 


3 0 Iiiilli^nms rom general siiigKjl patients weie oi'cn 6 millioiams The 
majonte o£ the patients to whom 1 5 m„ weit „i\en liad tiansuretlual resec 
tions These patients nsuilli base \ei-v definite discomfort and m some cases 
smeie pain Oidinaiih these pitieiits aie guen 10 in„ of moiiihme sulfate 
immediateh aftei completion ot the pioccduic as the spinal anesthesn is weai 
m„ off and the same dosa„i is nsiialh icpcatcd in seieial honi-s In those pa 
tients Nu 2206 in a dosage of 1 1 mg was miiformh iiieffcetne In the piliciits 
who had othci imscellancous iiiolo„ic pioeiduics — thiec nciihicctomies two 
suprapuhic cjstotomics and one oichidoiiew — thcic w is also fiiliiic to lelieie 

Pim file one good icsult in mological pilii Ills was III lOicaroldboi who had 

a nephiectomi In the general suit,iciil patients m this dosa„e ran^^e foui 
obtained lelieC and three obtained no lelitf These sciin patients lepicscnted i 
laricti of operations It iinj ho tint these sm„icul piocedures did not lesult 
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111 as much postopei ative pain as the aveiage luologic piocedme It apiieaied 
that 1 5 mg of Nu-2206 was an unsatisfactoi's dose 

In SIX instances Nu-2206 was used in dosage ot 3 0 rag foi tieatment ot 
postopeiative pain in geneial siugical patients It affoided lelief ra thice 
instances and ga\e insufficient lelief in the lemaining thiee One ot the lattei 
patients subseciuently obtained leliet of pain with 6 nnlligiams 

Eleven uiologieal patients who had had tiansuiethial lesectioii neie given 
fifty one 4 5 mg doses Howevei, in this senes, Nii-2206 was not gnen unlcs.s 
the patient had leal pain and leciuested lelief In this dosage laiige, vhicii 
was felt to be loiighlj equivalent to 15 mg of moiphiiie, Nu-2206 was iinifoimli 
efteetive in lelieiing pain Demonstiable effect was noted in most mstaiiei’i 
thiit} minutes aftei administi ation of the diug Analgesic efiect ivas pieseiit 
longei than that obseived uith moiphine and in most instances it was e&ectne 
foi SIX honis 01 moie Theie were no undesnable side eftects 

Six inilligiain dosage was employed in tom geneial siugical patients In 
all of the patients to whom 6 0 mg weie given, excellent lelief iias obtained 
The following detailed ease is piesented as an example of this senes 

Patient W (48-9706), a 25-yeai-old man, was admitted on Aug 8, 19E, 
following multiple lujuries leeeived in an aiito lacing accident Among Ins 
1113111 les weie a peifoiating wound of the abdominal wall, peiitomtis, tiaumatic 
luptuie of the spleen, seveie contusion of the colon, fiactiires of the transverse 
piocesses of the thud and fomth lumbai veitebiae, and fiactuie of left zygoma 
Suigieal pioceduies included a siileneetomv and colostomy 


Tiull II pmENT M W 


DVTE 

TtiCE 

DRUG 

s/31/48 


100 mg Demerol 5 times per dav 

9/ 1/4S 


100 mg Demerol 5 times per daj 

9/ 2/4S 


100 mg Demeiol 5 times per dij 

9/ 3/4S 

0300 

3 mg Xu 2200 


1045 

1 rag Xu 2206 


1030 

3 mg Xu 2200 


2000 

3 mg Xu 2200 

9/ 4/48 

0215 

3 mg Xu 2206 


1700 

3 mg Xu 2206 


2230 

3 mg Xu 2206 

9/ 5/48 

0230 

3 mg Nu 2200 


0800 

3 mg Xu 2206 


1520 

i mg Nu 220(( 


2050 

5 mg Nu 220(. 

9/ ti/4S 

0030 

! mg Xu 2200 


0500 

3 mg Xu 2200 


1545 

7 mg Xu 2200 


2330 

3 mg Xu 2206 

9/ 7/48 

0000 

3 mg Xu 2200 

9/ 8/48 

0345 

3 mg Xu 2206 


1 FM U KS 


[Belief 
Belief 
Belief 
Xo relief 
No relief 

Xo relief , 

iXo relief, emails, exee'^siie p 

spiriMon 

blent for nioie tinn 3 fir 
Belief from pun for ibont 
Good relief 
, Slept for 2V> hr 
Relief i 7 I 

Belief foi 

Slept iiioie thin 2 Hr 
Slept aliont hr 
Relref 



Control of iiain was sought by 30 mg of morphine eveij ^JJ,g^nlstances 
the early stages of hospitalization This dose ivas ledueec as V 

allowed, and on August 30, 100 mg Demeiol weie substitide or^ 
tabulation of the drugs given this patient is piesented in a e 
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NU 2206 IN THE TREATMENT 01 INTRACTABLE P VIN IN CANCER 

Fi\e patients with intiactabk pain due to cancer \ieie obsei\ed foi Aaijing 
peiiods of time up to six months The following case is presented m detail and 
IS illustratne of some of the effects obsei\ed duiing a piolonged coui*se of ad 
ministration 

Patient G AI a 55 Aeai old white woman was admitted to the UuiAeibU> 
Hoa])itals on Oct 28 1947 with a diar^nosis of caicinoma ot the cecum Vt 
opeiation a caicinoma of the aseendin^ colon with legional l>mph node metas 
tasis was found and a light hemicolectom\ was peitoimed She leturned to the 
hospital on Jan 3 1949 wath a large mass in the right uppci quadrant of the 
abdomen which appealed to be li\ei iinoKcd b\ metastatic caicinoma A 
posteio inteiior ladiogram of the chest icsealed clcs ition ind nodular outline 
of the diaphiat,m The patient had been ha\ing ser\ soseie pain toi two weel s 
and hei phjsician had been unable to keep hci fuc of pain b^ inteimittent in 
sections of morphine sulfate and Demerol U the time of hei admission she 
was emaciated and was apjmicnth losnv r.ioand lathei lapidK although slie 
was still able to be out of bed toi shoit periods ot time V iioht splanchnic 
block was done this aftoided tompoiai\ lelief of the pam This was icpeated 


T\BLE III PXTIPNT G M 


DATE I 

TIME 1 

URUC 

RLSl LTS 

1/ 8/49 

1215 

U mg r<u220(, 

Pam rehe\».l m 4> mm 


2015 

0 niff Nu 22m> 

Pam lehcvcl m li/ hr 

1/ 9/49 

1015 

0 mg Nu 22011 

Pam relieved m 4o mm 

VIO/49 

1700 ' 

1 G mg Ku 2-Wb 

,Pam i>4TtmU> Tv.\ieTCd m SO mm tomploK\\ 

1 relieved lU 00 mm 

Before pul e 128 rosp 2S 

After puUe 124 re>>p 24 

i/n/49 

, 1100 

1 ( niL Nu 206 

No rcLord ot ro ult 

Vl^/40 

; 2030 

1 0 mg Nu 2200 

j 

1 Sleeping souodlv in 2V hr 

Before pul e 112 reap 24 

After pulse 90 le^p -0 

, 0055 

0 m>, Nu 2_0o 

Slecpin^ soundlj nt 0730 

1/13/49 

1 1415 

loO mg Demerol 

1 lol5 pam relieved Almost uslctp 

1/10/49 

1 0030 

1 0 mg Dtmerol 

' 1000 sleeping it interv ils 

1/17/40 

1000 

0 mg Nu 2200 

1 

1 

4o mm tated she v\ m not relieved Later 
m da> stated she "spent a comfortn'b'le after 
noon 

Beforo pulse 1 -0 

After pul 1 11~ 

I/-’ 1/49 

loan 

i jUo Nu —01 

2010 1 Kep 

1920 

0 mg Nu 2-00 

**040 no pain 

Bcfoie iml e 1-4 u ji — 

Alter pul e 1-0 re j) J) 


2330 

0 lug Nu -201 

0200 asleep 

1/’ /49 

_000 

0 me Nu 2206 

2100 no pain — 00 asleep 

S/-3/49 

1930 

(> mg Nu 2-06 

2000 drew v -100 asleep 

1/-4/49 

20Q0 

6 mg Nu 2206 

2100 islccp 

1/-1/49 

1930 

( mu Ku 2206 

2000 dozm}. 

1/-3/49 

-000 

6 mg Nu 2206 

2100 a leep 

1/29/49 

19 0 

6 me Nu2206 

2000 a Icep Slept ill nigiit 

l/^0/49 

1930 

6 mg N u -200 

2100 a Kep 

mi/io 

0j4o 

0 mff Nu2-00 

OoOO a loop 


2000 

0 mg Nu 2206 j 

Pulso ImO rei-p 3i 1 ulse tlirenlj 



2200 

6 mg Nu 2206 1 

Asleep Expire 1 2 14 1 014 » 
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once AMthout satisfactou analgesia Coidotomy and pieiiontal lobotouiv weic 
consideied but because ot the patient s pool geneial condition and the shoit life 
e\pectanci, it was deemed achisable to ti\ to obtain lehet tioni pain In nsins; 
analgesic agents lathei than to snb7eet tlie patient to a hazaidons operatne 
pioeediue As mac be seen fiem Table III, she leceived a total of tweiiti tluee 
doses ot 6 mg ot Nu-2206 snhcutaiieoush This was given tiom Januaii 8 
to Jannaiy 31 when she expiied The degiec ot lelief aecomphbhetl In tins 
means was eonsidezable, and paitieulaih giatifymg was the long peiiotl of 
analgesia aftoided It was nsualh possible toi hei to sleep thioughout the 
night vvithont awakening with jjain Tins was in niaiked eontiachstinetion to 
what had been obseived with 10 mg doses ot inoi plane and 100 mg doses ot 
Demeiol In two instances dining the peiiod the patient was m the hospital, 
150 mg of Demeiol weie given and the lesult appealed to be less endnung than 
with Nn 2206 in a dose ot 6 milligiams 

In one uiological patient who had an niopeiabie letiopeiitoneal tumoi with 
continuous seveie pain, NU'2206 in lepeated doses of 4 5 mg twice dail) fora 
total of 113 5 mg in tvvcntv -tliiec doses was given thiougliout Ins stav m the 
hospital He leciuued no otliei analgesic diug 

In another jiatieiit, a TS-vcai old white man (Patient E T) 
seveie pelvic pain tollovving ietniiei.ee and local metastasis of taicnioma o ic 
lectum aftei abdominal peiineal leseetion, Nu-2206 pioved to be ven e eenr 
in piodueing analgesia A total ot 111 doses, totaling 353 mg, was given o\e^ 
a peiiod ot sixteen weeks 7*hice niilligiams pioved sufficieiit when 
bedtime to jiioduee comfoit thionghoiit the night so that the patient 
leciuue othei analgesic agents oi baibituiates foi lest Occasionallv 
dav time he took small doses ot aspuin (0 6 Gm ] and m a few 
mg doses of codeine sulfate Dining the fiist hve weeks on 
ceived onh eight doses of codeine Attei he had leceived the ° 
and one-half weeks, complete vvithdiawal was done toi five dais ^ 
had no sv mptoms attiibutable to vvithdiawal Exawunation five c avs^^ 
diawal showed no signs indicating vvithdiawal eftect Due to sevei^ ^ 
patient was again placed on the cling and the dose vvas and then 

shoitlv before death After fourteen weeks he developed sv mp e^pjied 
signs indicating subtentorial biam metastasis Three wee s a 
No Nu-2206 was given dm mg the Last six dajs of life because o 
A summaiy ot out experience with Nu-220b m the treat 
patients rvith cancel is pieseuted in Table IV a t js also 

Natuially the question of habituation and vvithdiawal e ,,\ithdraW‘i! 

In addition to the instance alieadv cited (Patient B T ) studied”' 

of the Nu-2208 was done after many weeks, ten 

this legaid These all leeerved the drug foi much sroi m 

them demonstiated wuthdiaw'al effects This expeiieiice is 

Y 
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SUiIAL,\R\ 

1 Nil 2206 has dcsuable analgesic piopcitits when aclministeied subcu 
taiieoiish in doses ot 3 0 to 6 0 inilligiams 

2 Foi mos*’ adults 1 5 mg Nu 2206 is an iiieffectue dose 

3 The duiation of analgesia is moie piolonged than with 10 to 15 mg 
inoiphine sulfate 

4 Untoward leaetions to Nu 2206 aie not scveie oi frequent 

5 The prolonged effect of Nu 2206 is beneficial in those patients ^Yho require 
protracted relief and in whom fiequont injections with shortei acting analgesics 
are iindesiiable 

6 No withdiarval sjTnptoms ha\e been observed in this study 
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THE EFFECT OF SPLEEN PKOTEOTION ON MOETALITY 
FOLLOWING X-mRAHIATION 

L 0 jACOBfeOM, MI), E K Mvkks, ^I J Robsov, BS, E G\bT0\, vnd 

R E ZiKKLB, PhD 

Chicvoo, Ili 

L ead piotectiou ot the smgicallv mobilized spleen of CP-1* mice duuug 
j the dehvei^ ot 600 i total body \'iadiation obviates the development of 
anemia and sigmfieanth lessens the scveiitj and diuation ot the leucopema 
and tliiomboej topenia that legulailj follow total body exposuie at this leiel' 
On the basis ot pievions wbik,- a single total body e\posuie to 550 i \iadia 
tion piodnees death ot one halt ot the mice ot this stiani in tweiit) eight clavi 
(LD„o/2S dacs) f Suivival data on gionps of mice exposed to single dosages 
of total body ladiation nith oi without lead piotectioii ot the suigicalh 
mobilized spleen aie piesented in this papei 


JIAIERLVL VXD VIETHODS 


The mice used lu this ‘■tud\ weic ill femilco and were 10 to 12 weeks of age when 
evpeument was initiated The mice were kept in the miniil firm m a const int teniperahitii 
loom (74° F) foi toui to si\ weeks before use and were ni untamed on a diet coa'isfiHo 
ot Deiwoolt iiid water id libitum before and iftei the experiment il procedure', dc'-int 
below 

Doiiimeliy — ihe \ ravs ddmimsteied in tliese experiments were geneitted in i AO 
machine opeiatiug it 15 iiulliampeies V 0 25 mm coppei filter w is used The InlfviW 

From the AiRonnc Isationa.1 Ldboiator> the Department ot Medicine and the InstiW 
of Radiobiolog} and Biopbjslcs of the Unhersitx of Chicago , 

Aided in part b> a grant fioni the Vmerican Cancer Societ> upon rccoinnien a o 
Committee on Crrowtli and from The Vrmour Laboratories 

Receixed foi publication Aug 3 1919 , 

*CP 1 raised b> Cai worth Fauns Homoz>oOUS foi tlie lecessiie genes aa 

tHereatter retcried to as LD”“ r-iound wheat 

tManufactured bx the Derwood XIill Del wood Md Consists of skim mi 
least corn oil salt iron citiate shaik Uxci oil Delsteiol 



DOS VGi, I 

SPLEEN 

GROUP 

tn 1 

SHIELDED 


T vBLb I St rv i\ Vb 01 Jlict. Follow JXG Sisgle 


TOTO 



1949 fixe or more months after t^bese .exposu^es^a^^^^^ normal 
iiipfin flnrine inadintion still suruie and uPP 

153S 


• On Oct 3 19-10 n\e or more monuis r.'nneai 

protection of the spleen during iriadiation stiH surme and uPP 



1 — Pliotograph of mice shoA%lng urcicnlK niobtllzed spleen -nithin paraffin boxes The 
mice w ic irro Ifated In tf Is a rungenient 


^iatios With am» \\ithoit Ll.\d PkotI'CTion oi- Tiit Sileln 
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Kjer in copper of the filtered beam using 240 k\ nas 10 millimeter The exposures Mere 
measured nith a Victoreen condenser meter equipped nitli a 250 r chamber Measurements 
were made in air at the position occupied by the center of the animal ’s body The dose rate 
averaged 58 9 r per minute at 55 centimeters 

Groups of mice ixere exposed to single doses of GOO, 700, 900, 975, 1,050, and 1,200 r 
total bodj X. radiation with or without lead piotection of the surgically mobilized spleens 


A 
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EXPElUMENfU IKOCFDIRE 

\.8 18 mdicatttl in Tabic I foui j,ioup3 of mice \ioie stu hul Miie m Croup I weic 
ontreateil controls Tlie mice in Croups II HI and r\ i\cie one tlictized i^itli 2sembutal 
(0 072 mg per gram mouse in u 1 lu dilution) j,ivou iiiti‘ai)entoueallj tho abdomen was 
shaved, an incision was made in the left u| per quadnnt and the spleen was brought out 
through the incision Tho mam pc help w m left intact but to facilitate mobilization a small 





3 — Photograph of mice showing sur6lcall> mobilized spleens within lead boxes Tlie mice 
were irradiated in this arrangement 


vessel at tho distal end of the spleen was cut but not tied Se\cring this \e& cl regulaih 
produced an infarct m he tip of the spleen Tho mfarct \ cried in size invoicing up to one 
fourth of the distal tip No significant bleeding was encountered During irradiation which 
required from nine to twentv two minutes depending on the lo c giien the spleens of Group 
m mice were placed m paraftin boxes that offered no appicciable shielding (Fi„ 1) tlu 
spleens of Group TV mice were plied m 1 ad boxes with v%alls of one-fourth inch thickness 
(Fig 2 A and B and Fig *1) that afforled cssentialh complete shichling of tlit. sphen from 
hradiatiom The spleens of Group 11 were kept m leal or pcraihn b xcs lunn^ the x irruha 
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lt“ '«"■ 

eonipletion ot these pioeclures, the spleens of il/«r 

LiMty ind tlie incision ii is sutuicd intli silh Comnlef returned to the ibilomiml 

fiom tno to tlnee liouis Tlie mice ivero C,omp ete reco\er> from the mesthetio require! 
recorded in tivent, four hour penods through “/eig!!r da""" 

KhSULTS 

.e,p«,ne!r “» 1>“ 

suzvued the twentv o, i t'T ^ animals m Gioui) III 

apleens peie mobih::! I ‘ ‘‘'’ -''■“““'"'S'l'- M,. foi ammdib itlioai 

piobabi, dose to tl r n"* P'otectetl was somewhat less than 600 i and 

It iotl "•“““■ U>. 

as rrieat oq tl ^ exclusive ot the leacl-pioteetecl spleen is neailj’ twice 

LD^j foi total both x-iuddiation inclnsne ot the spleen 

DISCUSSION 

iiiechaiiism t\heieb> lead piotection ot the spleen so signifieaiilh 
of the snf *11 f lowing iiiddiation is vet to be deteimined The capaciti 
honiitr.^ t lese mice to compensate so qniekly foi the destiuctioii ot 

otlipi tissiue elsenheie lu the body ma> be the significant lactoi, but 

oi indiieet timctions ot the spleen ma> be nnohecl For 
iioni a pieliminaiy expeiiinent^ indicate that labbits lefaiii the 
laci > 0 pioduce antibodies to mtiavenoiisly adnnnisteiecl foieign led tells 
fh ^ + 1 ^ ^ suspension of sheep led cells) in a noimal maiinei if 

ei le spleen or appendix is lead piotected dining the delneiy of SOO i 
X la m 1011 to the balance of the bodj’^, total bodj x-iiiadiation ivith this dosage 
1 ■\\itiout lead piotection ot the spleen oi appendix moie oi less coiiipletch 
111 1 aits t e development of demoustiable antibodies to this antigen The antigen 
aaas ^i\en tc\o days aftei iiiadiation and obseivations on the development ol 
lemo \sm titei followed at inteivals of seven dajs thiongh twenty eight days 


SUaiSI VRY 

Female CP-1 mice of 10 to 12 Aveeks of age neie divided into foui groups 
Gioup I mice Aveie untieated coiitiols Mice in Gioups 11, III, and IF «eie 
anesthetized with Nembutal, an incision was made in the left uppei (pwdian 
of the abdomen, and the spleen was mobilized Mite in subgioups of Gioups 
and IV Aveie given Aaiious single dosages of x-iiiadiation Dining madiation 
the mobilized spleens ot Gioup IV mice iveie piotected fiom ladiation 
shielding, wheieas no shielding w'as pioviclecl foi the spleens of mice m Oio I 
III Gioup II mice seived as 'opeiated” contiols The dosages adniniisteie 
weie 600, 700, 900, 975, 1,050, and 1,250 i Iiiadiation time langed hetwe 
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lime ind hvent'v h\o minutes Aftei iiiaclutioii the spleen was letunied to the 
abdominal caMt> and the inoision was sutuied Ihe siusnal of the mice in 
these ^allous groups -was obseived o\ei a tuent^ eight daj period Without 
lead protection of the spleen the 1 1) « loi iindiated mice in the t^\ent■\ eight 
da\ period of ol)sei\ation uas less tlnn 600 i \\hcieas the LDso foi mice ^\lth 
lead piotection of the spleen appioMinatcd 975 i 

CONCLL SIGNS 

The LD u toi mice ei^posed to totil hod^ \ jadiatioji e\clusi\e of the suigi 
calh mobilized lead piotected spleen is ncaih twice as gieat as the LD ^ for 
mice exposed to total bodj \ radiation mclusuc of the spleen 

REtCRFNClJt 

1 Jacob on L 0 Mark'i E Iv Ga ton E O Robson M and /irKle R B The role of 
the Spleen in B*uliatioQ InJur^ Proc Soc Expcr Biol &. 'Nled 70 740 1049 
Hagen C Simnioins E L ind ZirKle R E Unpubh heil data 
1 Jacobson L V Rob«on M and M irk E Iv Uopublivheil data 



OESEKVATIONS ON MECHANISMS OP EDEJU POBIUTION IN 

THE LUNGS 

Robkri Paine, M d Harvey R Butcher, MD , Frvxk A Hov vrd, AB, and 

John R Smith, MD 
St Louis, Mo 

INTRODUCTION AND REVIEAV OF LITERATLRF 

NOM LEDGE of the pathologic ph3'^sioIogy of pulmonai}' edema has been 
eonsiceied fundamental to the undeistanding and management of ehmcal 
eai ai me, and the condition has ieeei\ed extensive studj’^ Piom a gicat 
^0 3 of expeiiraental and eluucal obseivation, tivo theoietical conceptions of tlie 
oCnesis of pulmonai3" edema fiom heait failme have emeiged^’- Fust, mam 
oiseiAeis have stated that pulmonaiy edema depends on faihiie of the left 
A entile e (the light lemaining essentiall3' competent), leading to congestion ami 
e of the lungs The second concept has held that piilnionari' edema occuis 
Av en the pulmonai3^ Aaseulai bed becomes AA’idel3 dilated fioiii noxious oi abei 
lant leflexes peimitting inmidation of the lung tissue This concept has flutter 
e that pulmonai3' edema is not caused primanh bi failure of the left len 
tiiele The impoitance of the pioblem of pulmonaiy edema has seemed to 
Avaiiant a le-exploiation of the condition fiom the expeiimental standpoint 
In 1878 ^Velch^ stated, iii his iioaa famous papei, that seveie stiam imposed 
upon the left ventiiele b3' giadual occlusion of the aoita lesulted in lung conges 
tion and edema His expeiiments indicated that ligation of the aoita distal to 
the laige vessels aiising fiom the aicli did not lestiict left A'eiitiicnlai output 
suffieientl3'^ to stiain the chamhei HoAievei, if the vessels to the head and upper 
extiemities Aimie tied oft one b3’' one aftei occlusion of the aoita distal to these 
vessels, the A'asculai heel Avas hnall3’’ i educed so as to oveiAvhelni the left ventiiele, 
maiked pulmouai’y congestion and tiansiidation folloAved Subsequently, a num 
bei of German Avoikeis Aveie able to oftei geneial confiiinatioii of Welch sob 
seivations SahlP found that obsti notion of pnlmonai3^ venous drainage b} 
constiiction of the left auiicle was attended by an outpouimg of fluid into the 
lungs Sahli Avas unable to lepioduee Welch's results by ligation ot the aoita, 
but it is not cleai from his paper where aortic constriction Avas applied Other 
observers® ® ai sIioav that experimental maueuveis capable of oier 

loading the pnlmonaii’' A'eiions circuit could precipitate pulmonaiv c ania 
ModiakoAvski® demonstrated that isolated lungs could AA'ithstand high arteria 
perfusion pressures without apparent haim, as long as venous outflow 
impaired On the other hand, Avhen the lobes AACie congested by the pieven w 
of Amnous outfioAv, only a moderate elevation of perfusion pressure Avas necessa 
to piovoke edema 

From the Cardiovasculai Diviblon lOepaitinent of Nretlicine AVashinaton Uni' 
of Medicine and the Oscar Johnson Institute , yunJ 

This "oik was done under a grant from the Life Insurance Atedical Resmr 
Receued for publication Aus 8 1949 
•Rockefeller Fellow m Cardiology 1948-1919 

1544 



MECHANISMS OF EDEMA FORMATION IN LUNGS 


1545 


Similar e\perunents were carried out on deneiwated heart lung prepara 
lions • 1 ° '* The data from these e\perimcnts indicated that as left i entricular 
output was diminished (e g , fiom caidiae damage bj asphj\n ‘ toxic factois,” 
or acute stiaiu), venous engoigoment of the lungs occurred, ultimately causing 
seveie edema The woik of Baii'j* was of paiticulai inteiest He obsened 
in heart lung pieparatioiis that if the viscositj of the blood was decreased by 
the addition of saline edema of the lungs could be induced This effect was 
apparent when the specific gravity of the blood was reduced from 1 053 (nor 
mal) to 1 045 oi 1 050 However Bam also obseived in these preparations 
that evcessiye venous inflow, together with high peiipheial arteiial resistance 
overloaded the left yentiicle so that congestion and alveolar edema ensued 
Barry ’s obsery ations were of significance m then demonstration that the Star 
ling principles” of vascular piessuics and tissue fluid balance may apply to the 
lung as well as to stiuctures supplied by the peiipheral vascular system 

On the basis of such expeiimeiits the concept of pulmonary engoigenient 
and transudation from predominant left vcntiicnlai failnie has been widely ae 
cepted, and much of the rationale of the management of clinical heart failure 
has lested upon this premise 

llany observers, however have accepted the alternative concept that pul 
monary edema may lesult from intense reflex vasodilatation of the vasculai bed 
of the lungs ot fiom increased capillary peimeability They have argued that 
failure of the heart may not be primal ily concerned in initiating pulmonary 
edema Lambert and Giemels” insisted tint the formation of edema in heart 
limg preparations was accompanied by only a slight rise of pulmonai-y venous 
and arterial tensions These pressures became significantly elevated after edema 
was established They thought the capillaiv leal age was caused by the “to\ 
icity ” of the shed blood used in the preparations A iiumbei of others” 
have shared the view that toxic factoi-s occuiring in the blood may mjure the 
pulmonary capillaries and facilitate tiansudatioii 

Catakli““ used a technique siinilai to that of CocUio and Eocheta “ and he 
noted the precipitation of pulmonary edema when poi tions of the right v eiitricle 
"ere destioyed bv solutions of silvei nitrate oi absolute nlcobol introduced mto 
the y entricular wall He contended that failure of the left ventricle was not a 
necessary pieiequisite to the onset of pulmonary edema, foi damage to the 
right ventricle might be equally deleterious to the liuigs 

The contention that pulmoiiai'v vascular reflexes may lead to luug edema 
formation has lested lai^oly on ohseivations entailing marl ed disturbances of 
the svmpathetio nervous system * Luisada” pioduced paioxysms of edema 
m rabbits by the use of adieiialiiie The paroxysms wcic often pieveiited by 
the use of sedatives (le morphine oi the barliituiates), or by transsection of 
the spmal cord at the ceiwical level He attiibuted these effects of adrenahne 
to stimulation of the central nervous svstem including (eiitci-s controlling 
imlnKmarv vasculai leliexes and capillaiv peimeabihtv In contrast eyvdenec 
has been evolved to show that adienaline may seriously affect the heart “ and 
provoke mvooardial failure ' Luisada and SaiiiolF^ declaied tint expeiiiiiental 
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pioceduies pioducmg ceiebial anemia may altei the distiibution of blood within 
the lungs Amsoinotoi mechanisms, so that ahcolai tiaiisiidation ocelli's A 
similai explanation was suggested by Jaiiseh and co ivoikeis^ toi the edema 
lesulting fiom the mtiacisteinal injection of veratiine in labbits Faibei’* 
lepoited that edema ot the lungs fiequently oceuiied in guinea pigs following 
bilateial ceivical vagotomj'- causing the loss ot vasomotoi contiol of the luiiqs 
HoMevei, Sussman and eo-ivoikeis-* could find no such eftect of lagotoim in 
guinea pigs iihen lespiiation ivas optimally maintained 

On the basis of clinical obseivation, a niimbei of woikeis have suggested 
that pulnionai’^ edema may be touched oft by tailuie of autonomic contiol ot 
the pulnionaiv vasculai bed Salmon implicated stimulation of the caiotid 
sinus as a means of iiidiieing tiansiidation Iiitiaciaiiial hemoirhage^* and in 
Junes of the spinal coid^- and of the medulla oblongata^^ have likewnse been 
lepoited to cause intense pulnionai^ edema 

In most of the clinical and expeiimental obseiiations of “neuiogemc 
pulmouaiv edema, ineasuiemeiits of eaidiac peifoimance weie not leported 
If the tunction of the lieait weie seiioush cm tailed thiough abeiiant autonomic 
stimulation fiom \aiious causes, one might expect lung congestion and its con 
secpiences fiom a eiitical deciease ot left ventiiciilai output In fact, Campbell, 
Ifadds , and Visschei'''* have shown lecentl-v that elevation ot intracranial ten 
Sion mai be accompanied by maiked biadicaidn, diminution of caidiac output, 
and elevation of pulmoiiaiv venous and aiteiial piessuies, with the occunenie 
of pulmonaiv edema These lesponses weie modified bv seveiance of the vagus 


1101 ves 

The conflicting Mens of the genesis of piilmonaiT edema, as indicate 
this levuen, have not been leconciled Luisada has stated that the 
unsatisfactoiv basis toi the backwaid failuie theoiv of pulnionaiv 
stionglj tavois its abandonment ’ " On the othei hand, theie is ^ 
evidence to siippoit the “neuiogemc theoiv ” as the sole cause of e enia 
lungs Fmtheimoie, othei evidence has indicated that the lattei 
be viewed with skepticism until leflex efteets upon the heait and i s 


have been investigated moie thoioiighlj 

It seems cleai howevei that any attempt to le exploie 
nionaiv edema leqiiiies an iiiidei standing of the means by v' 
fluid exchange iiiav ocem in the lungs Although the concise 
balance desciibed bv Stailiiig^^ aie widelv accepted as applvmg 
as well as to othei tissues, theie has been little conti oiled test 

Stalling piineiples on the lungs Expeiinients weie theiefoie osmotic 

the effects of incieased capillaiy hjcliostatic piessiiie and of Evpe*'' 

tension (the Starling pimciples) on pulnionaiv ciiculatoiv p,jpgj 

ments dealing with this aspect ot the pioblem will be lepoitec m 


,, The ryhl 

Experiments i\eie perfoimed on dogs under Nenibutnl meathe ^gpioJ [irLimc *' 
duct was isolated, and the rate of Ivnipli flow was measure ^ openeii mil 

desciibed by uses Under positive pressuie respiration, the •o’' 
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pencanlium incised The auinnl wa^ then heparinized lu the usual m inner after careful 
lieuioatasis had been secured tcmic and pulmonar^ arterial piessuies neie recorded 

from cannulnc placed m the left ubdaiian irterj and ii^ht uppci pulmonary lobar artcrj , 
these were connected to simple inercui> manometers V water nnnonieter was attached to a 
cannula tied into the left atrial appendage Ordinal} heart lung preparations were then 
et up 

In order to stud} the effects of docici ed o iiiotic pressure tho protein content of the 
blood was reduced b} partial replacement of tho plasm i with Locke s solution (six experi 
ments) Dilution was accomplished b\ icntiiluging a quuiitit\ of blood approximate!} 
equal to that m tiie cncuit tlie plasma was reinoied to the level of the packed cells b7 
auction, and the original plasm i volume w is then leitorcd b} the ulclition of warmed Locke’s 
mixture i.t am gnea time the normil blood in the leiious re erroir could be dnined aua} 
and replaced b} the red cell u pen ion The rates of l\mph tlow the various pre sures, 
and the appearance of the lungs uert repeafediv observed fiction'* of tlie lungs for his 
tologic examination were taken during nnd at the teiminatiou of the experiment*!. Plasma 
protein levels were determined bv the methods of Campbell and Hanna38 nnd of Howe 3o b 

The effect of increased piessuie in the pulmonnr} capillaries on edema formation was 
studied in six preparations I ulmonar} engorgement was produced bj overloading the 
left ventricle Elev itiou of venou indow ( ind t'leictorc cardiac output) or increase of the 
peripheral resistance ingU or together produced left ventricular dilatation and left 
atnal engorgement Tlic effects of tins treatment on pulmonar} arten il and venous pres 
ures and on blood volume were noted Lvmph flow was frequenth determined and sec 
tions for micro copic stud} of the lungs were tiken 

All specimens of lung tissue were fixe<l m formolsdinc olution (TrowelD so as to 
facilitate preservation of edema fluid and wort ored m bO pci cent alcohol 

RESt LTn 

Effects of Dumnutton of Ptastm Piotcins on the Funnahon of Fulmonary 
Edema — Duiing the eoiitiol peiiods the heait hnio piepaiations functioned 
nndet loads tint appealed to place no stniii ui>oii the imocaidium Usnallj 
the peripheral resistance was adjusted to produit a mean aoitic pressure of 
90 to 110 mm Hf, the caidiaie inflow was about 400 ec per minute Liider 
these conditions mean ]iulmonan aiteiial jiiessuic sailed fiom 10 to 20 mm 

and left intra atrial tension landed from 3 to 6 cm of watei Theieaftei 
the suspension of cells in Loci a s fluid nas placed m the venous lesciioir iftei 
removal of as much of the normal blood fiom the eiiciut as possilile without 
introduction of an into the venous tubing Usualh 200 to 300 cc of tlie cell 
suspension vveie used In most esperimviits it was estimated that appiosimatelv 
one halt of the eiiculatiii„ blood volume was leplaced when these iiuaiitities of 
cell suspension were used 

The effects of the addition of diluted blood weie fiist manifested m the 
flow of Ivmpli fiom the liin„s The flow incieascd notahlv within one to ten 
imimtes and theieaftei was piOoirssivelv acceleiated The level of blood in 
the venous leseivoii decieased iiiditatiiio a loss of eireiilatiii„ blood volume 
Howevei, tlie size of the hoait was not increased and piessnies in tlie pulmonarv 
nieiics and lett atiium were not matciiallv ailcKd In four espeiiments pul 
moiiaia arterial piessnic was not affected at all in one mst nice a decrease of 
•1 nnn tension was noted while in two examplts there vveie tiansient eleva 
tioiis of the pulmonarv blood piissuie ot I mm Hr Pulmonarv venous jiies 
siires vveie unaltcied in two instances and rose fiom to 6 cm of water in four 
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piepaiatioub Tlieiefoie, the continued noimal size ot the lieait ami tlie gen 
eial level of peitoimance indicated that caicliac function uas not impniied (Fc' 
1 and Table I) 

Aftei the cell-saline suspension Avas ciiculating in the piepaiatious, and 
duimg the peiiocl of fluid loss into the lungs, theie iias a giadual letiuii o( 
plasma piotein concentiation to noimal values In some instances the plasma 



At t!i« Cnit 

Pis 1 — The effect of hjpopioteinemia upon fluiil A" li’ln concentration of 

indicated low protein blood uas placed in the heart lung sjMem Pen ^h,ci 

blood IS indicated bj cur\e Columns lepresent Imipn no 

time m minutes 


1 13 


b> cur\ e 
See Table I Experiment 48 


pioteins continued to use to concentiations gieatei than those m 
undiluted blood (See Table I ) HoAvevei, Avith the use ot ot 

centiations to contiol (01 above contiol) values, a coiiespoiuhng cm 
lymph flow and leduction of pulmonaiy edema ivas nof obseice pjj„nia 
nomenon is A\ell illusti'ated in Fig 1 Note that the cuive m but 

piotein concentiation of the cell suspension showed a piogiessne^^ jtcelemh’*^ 
that lymph flow also showed a continuous use The peisistence j.g|, 

hmph flow aftei the letuin of plasma proteins to noinia Ho" 

lesented the diainage of the pieviouslj accumulated fluid tioni 1 
efei, the mechanism which the plasma pioteuis siihseipien 
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Table I Effect ot Diminution op Plasma Pfoteias 


EJikPEI I 

MELNT 

1 ClI VNOE lU 1 

L\MPH FLOW 1 

1 1Lj\SM\ 11 OTEIN j 

PUL 

MONARY 

EDEMA 

PUL 

\I TEl L\L 

PrESSURE 
(MM /UO) 

LEll 

\UmLUL\U 
pREsaunE 
(CM /II 0) 

c ovrroL 
(MQ/ 

MIN ) 

AtTU 

DILUTION 
(MG/ 
AlIX ) 

CONTROL 
(OM %) 

DILUTED 
(OM %) 

F1N\L 
(OM %) 

u 

-f-a 

■ho 

40 

180 


31 

7 0 
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to 
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ibove coiitiol lalues is not clen Possiblj tlie inteistitial Hind produced by 
tlie initial bt popioteiiicmia obstructed acntion of the luug tissue causiUo 
anoiio (lama^e to tlio iiulmoiiaii eapillaiies and abetting tiansudation of pio 
teiupooi fluid iViiothei e\iilaintion imt be that plasma piotem lost into the 
C'stiavasoulai space duuiig initial transudation nici eased tissue fluid osmotic 
tensiou to such a degieo that tiansudation wont on despite tho inciease of blood 
protein leiol, pioduonig gieatoi licmoconeentiation 

Influence of Canliac Insufficiency and Pulinonai y Conyestion on the Forma 
(loii of Edema of the Lungs — These obseiiatious wcie earned out on six heart 
liing pieparations Toi contiol puiposcs the \enous inflow and peripheral 
resistance weie adjusted so as to impose no undue stiain upon the hearts as 
in the preceding experiments In foui experiments the caidiae load was aug 
lucntcd by incieasing the aoitie picssuie fioni 90 to 110 min Hg to 160 to 180 
mm Ug In t^o instances, oieiburdciung of the lieait was accomplished bv 
sharp ele\ aliens of lenous inflow to GOO to 700 cc pei minute (control 200 to 
300 c c per minute) With both means of taxation of the heait left xentiiculai 
dilatation became app irent The pulinonaii xciious and aiteinl piessuies then 
rose and congestion piomptU ensued Congestion of the lungs was manifested 
hj turgeseence, followed quicldj by duskiness of the tissue Sljiiads of fine 
cicpitant lales coidd be discerned bj diicet auscultation The fluid \olume m 
die \enous reseixoii diminished lapidlj, and the passage of Ijmpb from the 
rioht thoracic duet piogiessixely incicased beginning tliiee to twehe minutes 
after the onset of congestion As the piocess continued the pulmoiiaij Ijanpli 
hecaine pinkish in hue and finalh daik red Microscopic examination of the 
fod Ijmphatic fluid showed that it contained up to 600 000 red blood cells 
Per cubic millimeter Sections of the lung tissue taken at the time of accelerated 
*>inph flow exhibited intense congestion and edema In some mstances pul 
monarj tiansudation was so mill ed that foam extended into the mam broueln 
and tiaeliea In all of these expeiiments piilmonaii engorgement and edema 
"as pciniitted to become extienie, no attempt xxas made to reiei-se the pioccss 
h> reducing cardiac load 
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The difCeience in appearance between these lungs and those of the hypo 
piotememie experiments was striking When the hypopioteineniic lungs becamf 
edematous, they were pale and flaccid, tlie acceleration of lymph flow was not 
so lapid, and the general tempo of the reaction was lather giadual In contrast 
the congested lungs became led and tnigid, the acceleration of lymph flow 
lapid, and the lymph became hemorrhagic Edema fluid was fiequentlj profuse 



MinuUs 


f 'li/iuico ^ Wbcfl 

Pigr 2 — The effects of pulmonarj congestion upon excessive 

the heart lung was established In this experiment, peripheral rMlsian arterial pressui' 
pulmonary congestion immediately appeared as mdicatea by venTOs lymph How- 
curves Congestion was further increased at arrows Columns repre 


DISCUSSION 


These expeiimental data suggest that the -well-known The 

of vascular and tissue fluid balance are opeiatiie in the lung ® 
mechanism of pulmonaiy edema mduced by low plasma pw ^le 


mechanism of pulmonaiy edema mduced by low plasma pw ^le 

osmotic tension — is cleai and lequires no paiticulai eommen 
pioduetion of pulmonary edema fiom congestion is moie impoi 


standpoint of eaidiac insufficiency , 

The expeiiments show that m the heait-lung piepaia uicreasuio 

load may be gieatly augmented by elevation of aortic he over 

the stioke and minute output or by both Thus the lett ten i g,^^ceeil the 
loaded so that venous inflow (and right ventnculai on pu ^eiitnek 

greatest possible left ventiieular outpur With iailure o rciioii^ 

to accept aU of the blood flowing to it thiough the lun^s, i 
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outflow IS impaired and blood is impounded m the lungs bj the continuing 
competence of the right ventricle Examination of Pig 2 and Table II shows 
that these eients cause pulmonary venous and aitein.1 iiiessures to rise to high 
leiels Since the normal pulmonary capillarj pressure is estimated at mean 
values of 10 to 15 ram Hg in open chest preparations^* and tlie normal blood 
osmotic pressure at 20 mm Hg (judged by normal plasma protein leiels in 
these and other** eiperiments) it is apparent that capillary pressure may ex 
ceed that of the osmotic tension when the lungs are congested Rapid filtration 
of flmd from the capillaries then occurs 


Table n Effects op Pulmonary Congestion 


EXPERI 
MENT 1 

RISE IN 1 

LYMPH FLOW 

PULMONATY 

EDEMA 

CARDIAC 
OUTPUT 
(C C /MIN ) 

PULMONARY 1 
ARTERIAL 
PRESSURE 1 
(MM /HQ) 

LEFT! 1 

AURICULAE ! 
PPJISSURE 1 

(cm/H,o) I 

COMROL 
(MO /MIN ) 

1 

AFTER 
CONGESTION 
(MO / MlN ) 

35 


59 

b5 

145 
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33 

oG 

57 

6 

63 
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39 

4S 

74 

40 

ISo 
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40 

50 
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41 

34 

50 
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43 

5 

14 
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A contrasting explanation for experimental pulmonai> edema ^vas offered 
by Luisada and Samoff ” They leported espcnnients lu ^Tlllch saline infusions, 
giTen in large quantity, pioduced pulmonary edema Thev noted that when 
the solutions were injected cephalad into the carotid arteiies under high pres 
sure edema of the lungs frequently occuired On the other hand when com 
parable amounts of fluid were injected into the systemic veins under lower pres 
sure, edema was somewhat less frequent They suggested that forcible irnga 
tion of the cerebral circulation by salt solutions resulted in cerebral anemia and 
provoked pulmonary transudation by reflexogenic influences on the ^ascula^ bed 
of the lungs Their results were compatible with sudden and serious cardiac 
overload. They paid scant attention to tlie possibility of altered circulatory 
dynamics, and the influence of massiie saline infusions on the plasma proteins 
was not considered 

Other workers*® have also reported that massive increases m the circulat 
mg fluid volume may introduce a load against which the heart cannot cope, with 
consequent pulmonary congestion and edema This factor was particularly 
stnkuig in the studies of Gibbon and Gibbon ' In cats they removed the right 
middle and both lowei lung lobes so as to laise the pulmonary hydrostatic 
pressure by restriction of the circulatory capacity of the lungs They found 
that intravenous saline infusions were especially likely to provoke pulmonarv 
edema and rapid death in these preparations Although these workers attnb 
uted the edema mainly to increased capillaiy pennenbility rather than to anv 
dvTinmic effects, then results suggest that edema occurred from elevation of the 
pulmonarv hydrostatic piessure and possibly from diraumtion of the phsma 
protems 
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The coil elation of increased lymph flon and the onset and piogiession of 
piiliiionaiy edema was stiikmgly evident in these e\peiiments We noted 
that in eveiy instance wheie a significant elevation of Ijnnph flow occnued, 
gloss 01 micioscopic pulmonaij edema could be found 

SUMMARY 

Expeiiinents are piesented which show that piilmouaiy edema may be in 
diiced in the heait-lung piepaiation by (1) the loweiing of the plasma piotems 
fiom leplacement of blood plasma with Locke’s solution and (2) by elevation of 
pulmonary vasciilai (hj'diostatic pressiiies following imposition of left ven 
tiiculai oveiload It was demonstiated that abnoimal fluid exchange in tlie 
lung tissue may lesiilt fioni distuibanees of hjdiostatic and osmotic piessuie 
lelationships as deseiibed by Stalling^® Although the lesults of these e\pen 
ments, involving the heait-liing piepaiation, do not necessaiily explain the 
cause of acute pulmonai*y edema in intact subjects, they do demonstrate that 
Stalling’s piinciples apply to the piilmonaiy as well as to the sjstenuc ciieula 
tion The Starling pimeiples, theiefoie, must be considered m all future studies 
lelating to the pathogenesis of pulmonary edema 

The onset and progression of pulmonary edema were always attended bj 
an increase in the flow of lymph from the light thoracic duct The measurement 
of an increased pulmonary lymph flow has been found to be a reliable indicator 
of the presence of pulmonary edema 
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POLWINYL ALCOHOL-FIXATIVE AS A PRESERVATIVE AND 
ADHESIVE FOR PROTOZOA IN DYSENTERIC STOOLS AND 
OTHER LIQUID MATERIALS 

M iM Brooice, D Sc , and Morris Goldai vn, M S 
Atlanta, Ga 

With the Technical Assistance of Sadie A Johnson, AB 

' I 'ROPHOZOITES of intestinal amoebae deteiioiate lapidly, and couse 
quently it is fiequently difficult foi a physician to get laboiatoiy cou 
fiimation of suspected cases of amoebic dysentery oi amoebiasis Subnuttuig 
the stool to a distant laboiatoiy foi diagnosis has been unsatisfactory smce the 
etiological agent, eien if oiiginalty present, is usually luuecognizable by the 
time the specimen is examined A negative lepoit undei these ciicumstauees 
IS, of course, meaningless 

In an attempt to solve this pioblem, Goldman^’ ^ devised a technique for 
pieseinng fecal snieais with a film of polyvmyl alcohol (PVA)-fixative 
Smeais so piepaied could be shipped foi long distances oi stoied in a dued 
condition foi months without undergoing any deteiioiation In the laboiatoij, 
the PVA films veie leraoved and the smeais were stained by standaid hema 
toxylin pioceduies 

Duimg 194S, this method ivas used by this laboiatoiy m coopeiatiou with 
local health officials and physicians in Georgia Alabama, JIississippi, Kansas, 
Noith Dakota, Minnesota, and California Out of thiity specimens submitted 
duiuig seveial months, a diagnosis of Enda7noel>a histolytica was made lu 
thiiteen instances The lest showed either no oigaiiisms oi tiophozoites and 
cysts of vaiious othei intestinal pzotozoa {Endamoeha colt, eleven, Endohwct 
nana, fifteen, Dientanioeha fiagihs, one, and G^aidia laniblia, one) 

The purpose of the present papei is to lepoit simplified and impioud 
methods foi piepaimg specimens and foi handling them in the laboiatoii, an 
to point out possible applications of the technique to the study of oigamsnb 
othei than intestinal protozoa 

aiATEKLlLS AND aiEmODS 

Polyvinyl Alcohol — Polyvinyl alcohol is a synthetic nater soluble polymer 
hoi that IS available in the form of a nlnte, odorless ponder or granular material ts j 
solutions are stable over long periods of time Viscosity of the solutions can be re^ 

From the Lahoratorj Division Comniuiiit iblc Disease Center Public He ilt 
hedeial Securltj Agency 
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by concentration of PVA and by the degree of polymerization of the alcohol * Ihlms formed 
by drying aqueous solutions are tough thin and transparent They generally adhere firmly 
to clean glass surfaces and are ro'^istant to alcohol, ether acetone xylol, oils, and even 
short exposures to •uater 

PVA has been used as an Liubedding medium for tissues 3 as a mounting medium for 
insects and fungi ■* and as a means of reducing motility of paramecia and other small 
organisms ^ 

PVA Fxxatne — The fmitiie was prepared as described by Goldnuu 2 Five grams of 
powdered PVA were added to a mixture at room temperature containing 1 5 ml of gljcerol, 
5 ml of glacial acetic acid and 93 5 ml of Sebaudmn's solution (2 parts of saturated aqueous 
mercuric chloride to 1 part of Do per cent ethyl alcohol) H^'iling to approximately 75 C 
while stirring facilitated the preparation of a water clear uonlumpy solution Tlus was used 
as soon as it had cooled to about oO C or less and it remained satisfactory for several 
months 


Pre^erioitoji of Specimens ITif/t PVA Firattte — 

A On 2£ioroscope Slides With the aid of an applicator stick, a drop of specimen was 
mixed on a microscope slide with 3 drops of fixative and smeared over approximately one 
third of the glass surface To insure thorough drying smears were usually placed in. an 
incubator at 37 C overnight 

B In Vials A quantity of specimen was thoroughly mixed in a vial containing three 
or more parts of fixative Smears for staining were prepared immediately or raontlis later 
by spreading a drop or two of tUo mixture on a microscope slide and allowing it to dry tbor 
oughly Care was taken not to have the smears too thick 


Stamng of Organisms in PVA Films — In the original PVA fixative technique, fecal 
smears were covered but not mixed with fixative In the laboratory the films were removed 
before staining the smears The present methods of preservation were made practical by 
the observation that PVA films aro permeable to all commonly employed staining reagents. 
This makes it possible to stain dried PVA smears m the same manner as smears fixed by 
conventional methods with Schaudmu s fixative 

Inasmuch as critically stained organisms were desired, the long Ucidcnhain iron hema 
toxylin procedure u-ually was employed Diagnostically satisfactory preparations were ob 
tamed by more rapid staining procedures such as the ones proposed by Tompkins and iliUerS 
and Goldman 0 Delafield a hematoxylm was u ed in some instances as in staining Parameaum 
In all of the staining procedures dried films were first placed m 70 per cent alcohol containmg 
lodmo for ten minutes or longer m order to remove mercuric chloride crystals 

Ordinarily if the PVA film on a slide is thoroughly dried before being stained it 
adheres perfectly In rare instances, for reasons not entirely understood, films may wrinkle 
around the edge or m the middle and show a tendency to slip off the slide during prolonged 
exposure to aqueous solutions This tendency may be mininiizcil by preparing relatively 
thin, rectangular smears To prevent the loss of a wnnkhng film the sbde may be placed 
in the incubator m a horizontal position and allowed to drv before continuation of the 
staining process 

In order to test the effect of drying organisms in P\ V film'*, such films were thoroughly 
dried (over tliree hours at 37 C ) after each of the different steps in the iron hematoxylin 
procedure After each interruption the slides were placed in the next solution and the 
staining was completed in the usual manner Only those slides wero unsatisfactory which 
were dried after removal from the graded alcohols during dehydration Therefore, contrary 
to the usual direction never to allow fecal mcara to dry durmg the staining procedure, m the 
PV V fixative technique no particular harm is done at most of the steps 


Poll-vlnvl alcohol Is marketed under the trade name of El\anol tn various cradcs renre 
dcffrcca of polj meriiatton and h>drolysls The product used In this stud> was EKanol 
obtained from E I du Pont do >.emours and Co Eleclrochcmlcals Department VVilminir 
ton 08 Del This does not represent an endorsement of the product b> the Ihiblic Health 
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OBSERVAirONS VKP DISCUSSION 

No difteiences have been obseivecl between oiganisms stained aftei pieseiva 
tibu Mith PVA-fixative and those stamed aitei usual methods ot Schaudiim 
fixation Nucleai details and c 3 doi)lasmie inclusions aie cleailj' defined Rapid 
and comiilete fixation appaiently occms, since nianj tiophozoites exhibit pio 
tiudmg pseudopods 

One distinct advantage o± PVA-fixative is that it makes possible successful 
staining of oiganisms in lic|uid specimens Aiijone who has e\ei attempted to 
piepaie peiraanent stained mounts of protozoa m eultuies, water j" stools, oi 
pond watei has expeiieneed the difficulty of letanimg oiganisms on the slide 
duiing staining pioeediiies When PVA-fixative is used, it selves to adhere 
as well as to pieseiie the oiganisms and pi events then loss diiiiug stammg 
Stamed slides containing many oiganisms have been made fiom the followmg 
liciuid speeimcns diaiiheic stools and licpud oveilay of cultiues containmg 
trophozoites of E Imtohjtica (Pigs 1 and 2) , loose stools contauiiiig tiopho 
zoites of E coh (Fig 3), lodamocba huetsMa (Fig 4), E liana (Fig 5), 
D fragihs (Pig 6), and G lamhha (Pig 7), eultmes and pond watei contain 
ing Paiainecium (Pig S) and otliei piotozoa, and tap wmtei eontamnig hatched 
miiaeidia of Schistosoma maiisoiu (Fig 9) The only othei uay known to the 
authois to stain consistently laige numbeis of oiganisms in such specimens is 
the bulk eentiifuge metliod employing test tubes Howevex, the PVA-fixatnc 
teclmiciue is eousideiablv simplei, paiticulaily wlien only a few slides are to 
be prepared 

The teehmciue is also useful foi pieseivnig luteiestmg specimens oi teach 
mg mateiials foi subsecpient staining A vanety of oiganisms have been pie^ 
served in licixiid fixatne and nr dried films for about a jeai without showmn 
any changes when stained Of particular interest is a specimen of 
material from an amoebic lung abscess pie&eived nr a rnal wuth PVA 'a ne 
(Pig 10) 

At piesent PVA-fixative cannot be recommended nnieseivedlj’' 
ing specimens containing cjsts Laigei cjmts are iiecjueuti> distoite 
enth duimg drying of the PVA film Howevei, m specimens 
crsts, enough of them with distinct chaiactezistics are usuallj piesent 
correct identification Occasionallv, exccptionallj good g.gjs 

tamed even of P coh (Pig 11) and / buetschhi (Fig 12) cjsts 
such as G Imihlia (Pig 13) and E naiia (Pig 14) are iisuallj no ^ 
afteeted As w ould be expected, staining PVA-fixative films is not an 
technique for diagnosing helminth eggs cammed 

111 general, stool specimens containing cjsts and eggs are ^on- 

m wet mounts piepaied either directly from the specimens oi to ow 
eentiation procedure In such mounts the refractive appeaiauee^^o^ objective 
cjsts and eggs malces them relatively easy to detect wuth a mounts 

Helmmth eggs and some cjsts usuallj can be diagnosed m j],e or 

ot PVA-fixed specimens, but the fixative destiojs the lefiac lyen 
ganisms and lendera them more difficult to find and identi j 
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Fis 1 - — L histoIyNcrt Irophozoltp from dKrrheic stooL Note protriullnB pscudopoJla 
tie — histolyttca trophozoite from liqull o\erIaj of t culture. 

FIs 3 — E coll tjophozolte from loo e tool 
Fiff 4 — I buetschhl tiopbozoJte from loose stool 
FIe 6 — B imnn trophozoite from loose stool 
FIe 6 — D /rapin« tfoPhozoUc from loose stool 
FIb 7 — O Intiiblia trophozoite from loose stool 

(Ml photognpiis arc of organisms stained In PV V fixative films Except as Indicated 
hinia were atainod b> the Ions Heldenhaln iron hcmatox>Iin procedure md were photocraphed 
at a magpincatlon of 1 1 5 diameter > 
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-S inaiisoHi uilracuUum from tap ^\ate^ 


^ 10 — F 
Fis 11 — F 
Fis 12 — I 
Fis 13— C 


histolytica trophozoite from lun? abscess , 

coa c>sts from stool WeiEerts copper cliroine procetiure 
hnetsrhh 


buGtschlii c>st from stool 
lamblia cjst from stool 


-r-« T7 Aiuin SI. 

FIS’ !•* -Z- liana c>st from stool . judicaltJ 

(All photograplis are of organisms stained in P\ A-n\aii\ e ftlr.i= Except ^„rapbi.il 

Aims were stained by the long Heldenhuin lron-heniato\ylin procedure and ncrc. v 
at a magnfflcation of 1 125 diameters ) 
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Although, the PVA fixative technique might be appbed to the study of 
many different types of oiganisras, it has been developed primarily to assist 
the pubbc health laboratory in securing diairheic, djsenteric, purged, and 
proctoscopic specimens in a satisfactory condition foi diagnosis of amoebiasis 
The methods described m this lepoit can be adapted easily to this need For 
submitting stool specimens small vials (15 ml capacity), two thirds full of 
PVA fixative, can be distiibutcd to physicians in the same maimer that vials 
coiitamnig othei pieservativcs are supplied Smee the PVA fixative technique 
IS not a good method foi diagnosmg ejsts and eggs, the phjsician should also 
be suppbed with a vial containing no pieservative Ho should bo instructed 
to place approximatelj 4 ml portions of ftesh liquid oi formed stool ui each 
vial and to mix the specimen tlioroughly in the vial containing fixative 

"With the two vial method of submitting specimens, a vaiiety of paia 
sitological teclmiques can be peiformed and demonstiatioiis of protozoa and 
helminths tan be made regardless of their stage of development Foi example, 
the vial containing P^ A fixative will furnish mateiial for many smears which 
can be stauied and examined for trophozoites and cysts of amoebae and other 
intestinal protozoa The vial containmg no pieservative will fuimsh material 
for such gross examinations as consistency of stool, blood, mueus, portions of 
adult vvoims, ete for micioseopic examination of tempoiury mounts (sabne 
and loduie) for protozoan cjsts and helminth eggs and laiwae and for con 
centration procedures for evsts and eggs 

The expense involved in picparmg PVA fixative is nominal One pound 
of PVA costs less than a dollai and is sufficient to make enough fixative to fill 
a thousand 15 ml vials approxnnately two thirds full Other ingredients of the 
fixative— meioui 10 chloiide ethyl alcohol acetic acid and glycerine- — are stand 
ard laboratory reagents 

&UAI5IABY 

1 Methods are described for the use of polyvinyl alcohol (PVA) fixative 
as a preservative for intestinal protozoa and other parasitic and fiee living 
organisms 

2 Organisms so preseived will lemam suitable foi staining for several 
mouths Best results aie obtained with amoebic tiophozoites which are other 
wise difficult to preserve 

3 In addition to its piesenative action, PVA fixative acts as an adhesive 
to pi event loss of organisms from smears duiiiig staining procedures 

4 The technique has been developed primal ily to aid in the diagnosis of 
amoebiasis and is readily adapted to this need A two vial method foi shipping 
stool specimens is suggested which would enible the laboratoiy to recover all 
diagnostic stages of the mtestinal parasites 
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DESIGN or V PUMP SUITABLE FOR BLOOD 

Abhahvm SiLTZsu'J MD andStiphivS Rose\ak MD 
New York N Y 

T here has been a need m expeiiniental medicine and theiapeuties for a 
pump that could coii\ev blood undei stciile conditions uithout hemolysis, 
acceleration ot the clotting pioeess oi introduction of pjiogens Oui special 
interest Ins been in a pump uliich mil bring the blood of a human subject 
flora a vein to a dialjsis appaiatus for the removal of pioducts of uiemia at 
vaiiable and appiopiiate lates Recently, a number of tjpes of extracoiporeal 
blood dialyzeis have been made some of iibicli utilize pumps of laiious designs 
Howcvei none of these completely satisfies all of the nbo\e mentioned require 
ments The \arious dialjzmg pioeedurcs foi the tieatment of uremia in 
lelatiou to dietai-j and otliei lueasuies hate been the subject of a coinprehen 
sue review by Snappot “■ De Eeeuw and Blaustem“ and Vanatta Muirhead, 
and GiolIinan“ Inie noted that the Beck pump Minch forms an integral part 
of the oiiginal Kolft ‘ aitificial kidney ’ and selves to letuin blood fiom the 
dialjzei to the lein of the patient itself pioduces hemoljsis of the blood 
eireulating tluougli it Vanatta and cowoikeis ha\e eliminated, therefore, 
the use of the pump foi this puiposc and ueie able to substitute gravity for 
the return of the blood 

In the folloMing lopoit a simple pump Mill be described that meets oui 
stringent requiioments lathei Mell In this appaiatus there are no valves, 
close fitting or metal paits m contact Mitli the blood Dead spaces Mheie the 
curient moves slowlj aie eliminated and air bubbles aie not introduced A 
self icgulatuig piessure piinciplo piovides safeU foi the cellophane tubmg in 
the dial} SIS apparatus propei and stcnlit} is accomplished by autoclaving 
In piineiple the pump consists of a Tjgon tube of suitable wall thickness 
and dnmctei Mhich is compiessed in a Mavelike motion by a series of tuehe 
keys that push the column of fluid ahead Behind the eiest of the waie the 
plastic tubing evpands b} its oMii resibeiic} to fill up again The baffle plate 
against Mhich the tubin„ is compressed is adjusted so that the compression of 
the tubing is incomplete Pumping Mill then cease at a piedeteimined pressuie 
if mcieased lesistance in the outci eiicuit causes that piessure to be attained 
Purtheimorc the coiiipiession of the tubing is largelj peifoimed bj one 
eleiated edge of the 1 cj lathei than bj a flat suiface, icducing tlieiebj the 
area in which racchaiiical tiauma may occur 

In the appaiatus (Pig 1) a constant speed electric motor Mith a oCar 
deuce dines a sciom shaped senes of tMche niioS on an a\le The rings eleiate 
a series of tMcho kejs to oieate pressure on the tubmg The rings are e\enl} 
spaced at iiiteiials to form one complete sme Mare The amplitude of the 
wa\c can be limited bj lestiietiiig the extent of motion of the keys The 

From the Urological Service Qf Dr G D OppQnhclmcr and the LaboratorIc« of the ilount 
Sinui ILoapiUii 
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tubing bes between the keys and the adjustable plastic baffle In usage, the 
tubing IS autoclaved and placed on the keys and the baffle is fastened on top 
The baffle can be set foi complete compression of the tubmg, with the attain 
ment ot piessuies well o\er 300 mm Hg By loosening the set sciews, the 
baffle can be adjusted to allow leakage at any intennediate piessure 



■BAFflE 

-TUeiHG 

-KEYS 

-RINGS 

-AXLE 


FiS 1 — Cross-section diagram of pump Compression incomplete at height of nave 



In Pig 2 the imeise lelationship between output and jiate 

system is shown m an expeiinient m w’hieh the baffle was legu a 
pumping stop at about 200 mm Hg The increase m pressuie w ^ 
output or arterial side of the system is attamed by increased perip 
ance Increased resistance on the suction or -venous side of e 
have the same effect of lower mg the output of the pump 7 guarded 

maximal pressure, the cellophane tubmg used m dialysis can sa 
against undue stress which can result m breakage 
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Outputs of from 1 to 18 liteis pei hour were obtained by varying the 
stroke volume and the diameter of the tubing used in the model at hand The 
output remamed constant as long as tlie peripheral resistance was unchanged 
The pump in the Kolft "artificial kidney” has rollers that create shearing 
stresses in the tubing and provide a large area for mechanical trauma In the 
apparatus described in this report no shearing motion is possible smce the keys 
can move only in the vertical plane The rate of hemolysis of the blood re 
ciiculated through a closed circle of tubing of 20 ml ’ volume at 37° C was 
determined with the pump herein described Since hemolysis was not observed 
with normal blood, freshlj drawn hcpaimized blood from a patient in uremia 
(urea N 148 mg per cent) was taken foi testing The rate of blood flow was 
125 ml per minute and the ma\irauni pressure attainable was set at 220 mm 
Hg Absolutely no hemolysis was discernible after 12 minutes (72 circuits of 
the blood) In 18 minutes of recirculation of the blood (108 circuits) a very 
faint trace and m 24 minutes (144 circuits) a faint trace of hemolysis ap 
peared Smce about 50 circuits of the blood \olunie through oui pump and 
dialyzer is the maximum recirculation to be expected tlie mechanical trauma 
to the blood by the pmiip is negligible 

In summary, a pump is described that coinejs blood under sterile precau 
tions ivithout hemolysis for 72 circuits of the blood volume It is without 
valves, contains no dead space and piovides safety when coupled to a cello 
phane tube dialyzer by ceasing to pump at predetermined pressures 

The cooperation of Mr G J Prank, Jr and Mr J C Marsh of the Marsh 
Laboratory, Pittsburgh, Pa., la gratefully acknowledged 
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AN ELECmOMETElC METHOD FOR THE DETERMINATION OP KER 
BLOOD CELL AND PLASMA CHOLLNESTERA&E ACTIWTY 

H U?RY 0 SIlCHEL, Ph D 
Army Gheaiigal Center, Md 

T he method foi the deteiminatioii of eholinesteiase activity desciibed in thiss 
papci was developed to piovide a moie eoiivemeiit pioeediiie than those aicd 
pieviously, and one ivhieh would requiie only appaiatiis geneially available 
in the aieiage laboiatoiy lathei than the specialized appaiatiis lieretofoie 
necessary 

The piineiple of the method is fiuidamentallj’' the same as that used in all 
of the chemical methods that have been desciibed and depends upon ineasme- 
ment of the aeid pioduced bj' the action of eholinesteiase on acetylcholine The 
acid piodnetion is measiiied in teims of the change in pH pioduced by enzjonatic 
activity in a staiidaid buffei solution ovei a definite peiiod of time The pH is 
measnied with the glass electiode 

The late of pH change will be a satisfaetoiv measiiie of enzyme actnity 
if an appiovimately lineai lelationship between these two quantities can be 
established It is well laiown that eholinesteiase activity decieases luaikcdh 
with deeiease m pH oiei the lauge fiom pH S to pll 6, winch is appioMinate i 
the lange coveiecl in this method A biiffei has been eliosen theiefoie iihoio 
deeiease in buftei capacity ovei this lange closely appioxnnatcs the decvcasi 
m enzymatic activity A fiuthei consideiation is the possible effect of the a e 
enzyme souiee {plasma oi led cells) on the total buffei capacity of the system 
This has been minimized by sufficient dilution of the plasma oi led cells so t w 
any buffei mg effect is low compaiecl with the total buffei pieseiit 

The data on winch the method is based have been obtauied usmg uniiai 
blood, but the method is applicable m piincipIe to the blood of othei species, in 
to othei tissues, piovided tliat piopei allowance is made foi the buffei capaci 
of the mateiial being used 

EXPEKIVIENTAL 

Heagents ’Required — _ IvIH’Oi 

1 Buffer 1 (foi Red Cells) 0 02M sodnini barbital dm), 0 0 1^ 

(0 5446 Gm), 0 6QM KCl (44 730 Gia ) For 1 liter of buffer the ,„t,oii,anI 

in 900 ml of distilled water, 28 0 ml of 0 IN HCl are iddcd while sha mf, ^ 
the \ olume is then m ide to tlie mark The pH of buffer I should bt 8 "i “ ?0i 

ys Buffer II (for Plasma) 0 OOOJI sodium barbital (1 2371 ^ ahont 

(0 1361 Gm ) , 0 30il NaCl (17 535 Gm ) For 1 liter of buffer dissolve the „ ^ 

900 ml of distiUed water and add 11 6 ml of 0 IN HCl before ddutiHo 
of buffer II should be 8 00 at 25" C , , ,j„ (oqOO Cm 

S Acetylchohnc Substrate foi Red Cells 0 llH acetylcholine c i 

100 ml of distilled water) 

From the Biochemistry Section Meuical Division Armv s'lol^eal Clan'isn <i‘ 

A preliminary report was given before the American See e > 
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Acetylcholine Substrate foi P\asma 0 16oM ncetylchohne chloride (3 000 Qiu in 100 
ml of distilled ivater) 

V fe\i drops of toluene are added to all the foregoing solutions as a preservative and 
the solutions are kept in a refrigerator when not m use 

5 0 01 per cent saponin 

6 0 90 per cent NaCl 

These tuo solutions are made fresh as needed 


Method for lied Cells — \pproximatelv 5 lul of freshlj drawn blood, containing sufficient 
heparin to present clotting are centrifuged at 2,000 rpm for fifteen minutes in a graduated 
centrifuge tube and the pla^^ma is separated The cells are mixed with 2 to 3 vol of 0 9 per 
cent NaCl and agam centrifuged at 2 000 rpm for fifteen minutes \.ftcr discarding the 
supernatant fluid the operation is repeated, centrifuging this lime for twenty minutes The 
\olume of the cells is noted and then the saline supernatant is removed to the point where 
the remaming \olumo of cells and saline is twice tlie \olumc of cells alone The cells are then 
mixed thoroughl} with the remaining saline Vfter mixing 0 4 ml of cell suspension s 
henioljzed in 9 6 ml of 0 01 per cent saponin solution One milliliter of hcmoljzed red cell 
solution, representing 0 02 ml of cells is added to 1 m! of buffer solution I and placed in a 
water bath at 2o C Vfter allowing ten minutes for cquibbration, the initial pH (pH,) is 
determined with a pll meter reading to the nearest 0 01 pH unit Then 0 2 ml of 0 IIM 
acctjlcholine solution is added with rapid mixing and the timo is recorded The enzymatic 
reaction is allowed to proceed for one to one and one half hours and then the flnal pH of the 
solution (pH ) 13 determined It is neoc’^sarj to shako the beaker containing the reaction 
muturo a few seconds after the electrodes haie been immersed to establish rapid equilibrium 
The tune at which the pH was measured is recorded, and the cholinesterase activity in units of 
Apir/liour IS calculated b^ use of tlio foUowing formula 


. rr,. /pH - pK - h\ / 
ii pH/hour — j 

>iliere pll, s= initial pH 
pHj = final pH 

ti =r timo of mixing with acetjicholinc 
tj = time of lealmg pH 

b = nonenziinatic liydrolj^i‘5 correction corresponding to pH 
/ = correction for vaiiations m ApII/hour with pH corresponding to pH 
The b and / corrections are given in Tabic I ^ 


(Equation 1) 


Tvdle I CornccTiov Fvctors tw Use in Equation 1 


pn 

RED CELL ClIOLINEbTEIUVSE 
CORRrCTlONS 

rL\SirX CaoUNESTERASE 
CORPI-CTIONS 

i 

f 


/ 

79 

0 OJ 

0 94 

0 09 

0 98 

78 

0 02 

0 9o 

0 07 

1 00 

77 

0 01 

0 90 

0 06 

101 

70 

0 00 

0 97 

OOj 

1 02 

7o 

0 00 

0 93 

0 04 

1 02 

74 

0 00 

0 99 

0 03 

1 01 

73 

0 00 

1 00 

0 02 

101 

72 

0 00 

1 00 

0 0- 

1 00 

71 

0 00 

1 00 

0 02 

1 00 

70 

0 00 

1 00 

0 01 

1 00 

08 

0 00 

0 99 

0 01 

1 00 

0 6 

0 00 

0 97 

0 01 

1 01 

04 

0 00 

0 9i 

0 01 

1 0- 

62 

0 00 

0 97 

0 01 

104 

00 

0 00 

0 99 

0 01 

1 09 


. This \olumc Is dependent In part upon the centrifuffal force and the lime during which 
la applied The average centrifugal force used in this work was approximately SVO times 
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To express results in teims of per cent activity relative to some normal value, multiplj 
the A pHAour value found for tlie sample by 100 and divide by the A pHAour value con 
sidered to be (or found to be) normal For example, the average A pHAour value for red cell 
cholinesterase activity in twelve normal human subjects has been found to ho 0 753 
If an unknown sample gave a value of say 0 550, then the per cent activity would he 
0 550 

Q ygg ■ X 100 = 73 per cent 

The red cell buffer (buffer I) is made to give a pH of 8 00 after mixing witl! 
diluted red cells Sodium barbital has its maximum buffer capacity in the region of 
pH 8 01 and this is also the regpon of optimal cholinesterase activity * With the ratio of 
buffer to red cells used, the decrease in buffer capacity parallels the decrease m enzjme 
activity with decreasing pH to give an almost constant value for the enzyme actuiti 
in A pHAour This is shown by the relatively small deviations from unity of the f factor^ 
given in Table I Potassium dihydrogen phosphate is added maintain the nearly con 
stant relationship down to pH 6 00 The buffer capacity contributed by the added red 
cells averages 12 per cent of the total buffer capacity, determined bj titration between 
pH S 00 and pH 7 00 

The activating effect of potassium chloride on red cell cholinesterase has been described 
by Mendel and Eudnejs and Augustinsson 2 This salt was used in preference to the mag 
nesium or calcium salts customarily employed as activators to avoid precipitation of phos 
phate The concentration employed was found to be m the optimum range for activation 
Hemolysis by saponm prevents the precipitation of the red cell stroma by the potassium 
chloride m the buffei 

Although the substrate concentration is greater than the optimum reported for 
mammalian red cell cholinesterase by Augustnisson,2 it was necessary to use a final eoncentra 
tion of 0 OIM acetylcholme m order to maintain the nearly constant rate of pH change over 
the selected pH range 

\yMethod for Flasma — The plasma is diluted with water so that each milbliteT 
contains 0 02 ml plasma One millibter of diluted plasma is mixed vnth 1 ml 0 
solution II The solution is allowed to equilibrate in a water bath at 25' C for tea ’ 
and then 0 2 ml of 0 1G5M acetylcholine is added with mixing The subsequent de 
is carried out, and the activity calculated, in the same manner as described or re 1 
using the correction v alues for plasma given in Table I / , 0,22 

Human plasma contains less cliolinesterace activity and has less buffer capaci 
the equivalent volume of red cells Therefore, a more dilute buffer is used ,a 

considerations apply to the decrease in enzyme activity with decreasing pH, as 
the precedmg section The buffer capacity of the plasma aveiages 7 per ceu 0 
Salts have a relatively small effect on the activity of human plasma cholines eras^, 
pH of the dilute buffer used can be affected by changes m salt concen ra 
chloride is added to the buffer to reduce possible variations m total salt concen r 

Both buffers I and II slowly decrease m pH and buffer capacity after swer^ ^ 

should be checked w ith a pH meter at tlie time they are used If the p 1 pje- 

termination is more than 0 03 pH units below 8 00, a fresh buffer so u lon 
pared 


j "5 nit 

Pure acetylcholine salts will produce a pH change of less than 0 01 p 


nlien 


to buffers I or II in the concentrations specified m the Methods sections^ '\fcthod 

Companson of the Electi omehtc Method With the Manometii 
Cholmesteiase was deteiimned on thnty-one independent Juuiiah 

and twenty-seven independent samples of led cells fiom 
subjects, using botb the electiometiie method desciihed heie an jjjg pe- 

of the manometnc method of Ammon ® In the manoiuetiic 3 0 

action miAture for plasma cholmesteiase contained OOo m ^ cliohncstera^'^ 
ml of 0 02511 sodium bicaibonate Poi deteimniation 0 le 


•See reference 2 for blbliogiapli> 
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each Warburg nianoinetiic vessel contamed 0 02 ml of cells and 3 0 ml of 
0 02531 sodium bicarbonate containing 0 034231 magnesium cliloridc In each 
instance the substiate was icerjstallized acetj Icholinc bromide in a final con 
eentration of 0 01531 The enzyme uas tipped from the side arm after ten 
nunutes of equilibiation Mith 5 pci cent eaibon dioxide in nitrogen 3Ianometric 
leadmgs were taken over a foitvnuimtc peiiod, the temperatuie bemg main 
tamed at 38° C The eleetrometiie procedure was earned out as described heie, 
the temperatuie of the reaction being 25° C 

The mean value of the cholinesteiasc activity bj the eleetiometrio method 
lias 0 703 A pH per houi foi plasma and 0 753 A pH pel lioui for red cells The 
corresponding values by the manometric method were 226 0 mieroliters per houi 
for plasma and 253 0 mieioliters per houi for led cells Eelative activities were 
calculated for both methods by dividing individual letivities by the appiopiiate 
mean values The differences between the relative activities detcimined bj the 
eleetrometiie method and the eorrcspondmg iclative activities bj the nianometiie 
method were calculated The standard deviation of the differences was 5 49 
per cent foi plasma cholinesteiase and 5 50 per cent foi red cell cholinesteiase 

Nonemymahe Uydtolysis Collection — The noiienzj-matio hydrolysis correc 
tion, b, was determined by measurmg the pH change with time m solutions con 
taming buffer acetylcholine and inhibited cholmesterase Diisopropjl lluoro 
phosphite (DPP) (10 ^g pei niilhlitci of diluted cells oi plasma) was used to 
inhibit the cholinesterase The pll was dctcimnied at nitcrvals of several haul's 
and b was then calculated by subtrictmg the obseiwd pH from 8 00 and divid 
mg bj the time in hours 

A slow lovveiuig of pH occurs m the solution of the buffer and enzyme in 
the absence of substrate and is nicludcd in the 6 collection 

Collection Factoi f — The values foi the collection f, given m Table I, aie 
based on samples taken from ten subjects To deteianme the values, activity 
measuienients were made as desciibed in the 3Icthods section but pH readings 
were taken successivelj on each sample at appioxiinatclj ten nunute intcivals 
over the pH range fiom 8 00 to 6 00 The value of f at pH 7 00 was arbitrarily 
set equal to 100 Usmg Equation 1, the values of f were calculated for the 
selected pH range 

DISCUSSION 

The advantages of the olcetrometnc pH method aie simplicity, a lequire 
ment foi a nunimuin of equipment and the possibility of doing a laige number 
of determinations ill a relatively shoit time The pll readmgs may be made 
easily in a tmie of one minute for each sample It is thcrcfoie possible to do a 
large scries of detei'minations in a few hours by adding the substiate to the 
samples at one mmute intervals 

After this method had been developed, a similai procedure by Cioxatto and 
associates' w as found in vv hich rate of pH change is used as a measure of serum 
chohnestcnse activity, the pU benio raeasuied colonmctrically in a Pulfrich 
photometer This method is applicable only to iclatively uncolorcd solutions 
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SLMM VR\ 

1 -till clectiometiic method loi plasma and led cell eliolmesteiase actnitj 
IS piesented in which tlie en/jmatie lelease of acetic acid fiom acetylchohue n 
raeasuied in units of pll change pci lioiii, m a solution of standaid bufter 
capacity 

2 The method has been compaicd with the standaid nianometiic piocedure 
The standaid deviation of the diftcicnccs bctueen the methods was 5 49 per cent 
foi plasma eliolmesteiase and 5 50 pei cent foi led blood cell chohnesteiase 

TLlio luthor ^\lshcs to thanK Mi P Ziirblis mil Mis P D McNamara for tlieir as 
sistiuce 111 this work 
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STl^/RIIiIZ.VTION OP DLrijNCTlONALIZED LOOP5> OP COLON IN 
PREPARATION FOR ANASTOMOSIS WITH OTHER VISCERA 

A JXfthod of Stud\ \1vd Api roi ri \te Srij’c tiov ot 
A^TIBACTE^Iai Agents 

Chester W Howe MD 
Boston "Mvss 

I N ADMINISTERING intestinaJ antiseptics for suiprei^ of the large bouel 
a redtietioii of the bnetcnal count of the feces timed to be at a maNimum 
oil the day of opeiation ls desuable Two patients weie iecentlj tieated with 
a combination of antibiotic and chemotlienpeutie agents to prepaie the colon 
for anastomosis with othei \iseeia At opeiation full thicloiess segments of 
colon appioNimately 10 cm squaic weie eveised iiom the operatne site foi 
aerobic and anaeiobic bacteiiologie cultmes In the fiist case the cultiues 
repealed no giowth Poiti. eight houi ciiltincs fioni the second case were 
sterile, but at the end of seienlj two hours laie colonics of Momha nZbicaiii 
and diphtheioid bacilli weic ucoieud All oiganisms in the pietreatment 
eiiltuies of colomc contents which showed the usual piofusc mixed intestinal 
floia wcie absent (Table I) 

Tho first patient (R I 1 was a Oi \carol<l rum with recurrent obstructing carcinoma of 
the esophagus following a previous transthoracic rcsertion at uluch tune an extremely «hort 
jejunal mesentery was noted After preliminary ga'Jtrostomy for the obstruction, a rigat 
transver^se colostomj was done to facibtatc the preparation of his bowel On ipriJ 13 1949, 
Dr li H Smithwick did a transthoracic resection of the recurrent carcinoma and because 
tho short jejunal mesentery precluded an csopha{.ojojuno«tomy the transverse colon was used 
for an csophagocolostomj At a woud stage the continuity of the gastrointestmal tract 
was Te-establi'»hed, leaving a tronsplanted segment of colon uithm the thoracic cavity 

Tho second patient (W O ) was a 64 year old man with carcinoma of the anterior wall 
of the rectum During a prelunmarj cystoscopy the instrument was inadvertently passed 
throujjh tho posterior urethra into the rectum through tho carcinoniatoua mass Because of 
this a transverse colostomy was done the same day and it later proved useful in preparing 
tho bowel for surgerj On May 20 194*> a resection of tho rectum, bladder, prostate, seminal 
vesicles, and posterior uretlira with uretero mte tinal anastomosis was done 

Both of these ca^cs will bo reported fuHj at a later date but the unexpected bac 
tcriologic findings have prompted this prcliminarj report on the method used for study and 
preparation of the bowel 

PE.1N OF STUDl VXD VXTZD ICTERUL TRE.tTMENT 

Therapy was planned to secure i eduction m the floia of tive colon, timed 
to be maximal on the day of opei’iUon The choice of antibiotic agents ivas 
guided by the seiibitnity of the intestinal floia in each instance Cultures 
taken just before opeiatiou weie used to work out the sensitivities to various 
antibiotics of the organisms remaining in the colon as changed by the mtes 

From the Surgical Ser\lce and the Smltliwick Foundallon ■Ma'aaeliupctts Slcmorlal 
liospitals and the Department of Surgerj Boston UnUcrsItj School oC Medicine 

Supported by grants from tho Trustees under tho wills of Charles A- KJne and Marjorie 
the Robert Dawson Evans Memorial Hospital an! tin. Pro I lent s fellowship ot Broivn 
Unlverali> 
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TVl)Lt I pREOPf rt VTIVL AND POSTOPEKVllVE CULTUPl'S, InTFSjTINAT i LORA, \\D COLIFORU 

C OUNTS 
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1 OKGVMSMS 
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CULTURE 

PREOPER.\TlVL | 
CULTUPE 1 

FINAL CULTURE 
(EXCISED COLON 
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tmal antiseptic theiap} Aimed with this iiifoimatioii in advance, i 
be possible to give systemic oi topical tieatment with j„j 

specificity foi an infection which miglit develop tiom the colon a ° 
tion Because of the lapid development of lesistance of ceitam org 
to stieptomycin, it Avas decided to icfiain fiom using it as an in es ni 
septic but to leseive it foi latei use in case intection developed ^ 

Cultures of colon contents ucre obt imcd through the distil hml) of pipette 

stenlo rubber tube uas inserted ns fir into the bouol as possible in if j.°s°iere planto^ oq 
passed through this tube vas used to ispintc colonic juice All cu enriched with 

blood agar plates and inoculated into 0 0 c c of beef heart infusion ^r inoculation 
sheeps’ blood and fortified uitli 5 0 mg per cent of pira aminobtnzoio media 

consisting of a 2 mm platinum avirc loopful of the juice Tubes o lor 

fortified with infusion broth and sealed with petroleum jellj an streak method de- 

anaerobic cultures Coliforiu counts were done bj a modification o 
Scribed by Poth r anti are shown m 

Cultures of feces were taken on the day the colostomies^were magnesimn sulfal® 

Table I Colostomy and rectal enemas and instillations of -5 psn ^ di 


a low residue 


diet and 


^^hn:h T 


served to clean out the isolated loops of colon Patients were given 
vitamin K parenterally , flora upon ' 

In order to get a rough idea of the sensitivity of t le m g^jjafos of the 
base antibiotic therapy, blood agar plates were uioculited witi aad chloromjcetm 

tested by a filter papei disk contact method for sensitivity to aur 

•A discussion o£ this method will be the subject of a separ 
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Tncnty four hour broth cultures diluted 10 o were also tested by a serial dilution technique 
against these same tivo antibiotics with the idea of using the most appropriate one as la 
dicated by these sensitivities The 0110*^11 antibiotic, was given together wntb Sulfathaludme as 
an iptestmal antiseptic It was hoped that this combination would be effective against both 
gram negative and gram positive orgai»‘'ins The results of these and the subsequent sensi 
tmty testa are indicated in Table II In the presence of an enterostomy or diarrhea or when 
enemas or purgatives are to be used Sidfathaladmc la preferable to Sulfasuicidme because 
of its greater bacteriostatic actmtji and therefore it was chosen m these cases For the 
first patient (El) Chloromycetin was selected rather tJian aureom^cin because, although 
the flora was vnthm range of sensitivity to both antibiotics aurcomjcin would have been 
more likely to cause nausea and the patient wn^ m precarious fluid and electrolyte balance 
Inasmuch as chloromycctm was also within the effective range of sensitivity it was selected 
to be given with the Sulfathaladine In the second patient {^^ O ) the flora was within 
tho range of sensitivity to both antibiotics so aureomjcia was selected because it was more 
readily available Administration of the chosen agents was then started via all available 
routes Large doses were given as colostomy and rectal irrigations and also because of the 
possibility of spill over contamination from the proximal colostomy loop theso drugs 
wero given through the gastrostomy and bj mouth as well Table III indicates tho dosage 
and routes of administration of the various agent** 

On tho third day before operation cultures from the colonic juice were obtained to work 
out tho sensitmtics of each remamuig organism as changed by a period of therapy in order 
to better cope with mfection should it occur (Table II) 

On tho second or first preoperativo da> it was desired to administer prophylactic peni 
ciUm and since Poth and co workers have showu a defioito peniciUm Sulfathaladine an 
tagoaisza aflecting certain gram negative organisms tho Sulfathaladine was discontinued and 
Sulfasuxidine was substituted This allowed the unimpeded action of penicilhs for the last 
one or two dajs before operation after having taken advantage of tho superior action of 
Sulfathaladine during tho major part of the preparitiou Intramuscular pemciUm was then 
started, and to the first patient (K I ) pcnicilhn aerosol and lozenges also were given m. an 
attempt to cut down the gram positive flora m the nasopharjm throat and esophagus 

Tho dailj doso of Sulfathaladine and SulfasuMdine was crushed and suspended in 
aaline m which the antibiotic had been dissolved This was then mstiUed into the colos 
tonnes gastrostomy ond rectum in equally divided do«;e8 at 6 and 10 a ii and 2 G and 10 
FM, the volume of each instillation being about 100 to 200 cubic centimeters The last day s 
dose was dispensed in a very small volume (10 cc for each instillation) so that the bowel 
would be iir> at operation Oral medications were given m equally divided doses on tho 
same schedule. 

The following i& a !>ummat> o£ the pluii ot btudj and tieatment m outline 
form 

1 Resei\e streptomj cm foi later Ube if infoctiou should detelop 

2 After the colostomy is open culture the tiausveise colon Test the 
airxed cultures for sensitiMt} agirrnst ariilable airtiiuotrcs surtabie for oral 
admirustcatiou 

3 Give eolostoniy and rectal enemas and magnesium sulfate mstiliatious 
until the bowel is clean then use appropriate antibiotic agent along ivith 
Sulfathaladine foi instillations into the boi\ ej 

4 Three days before operation culture the and colon and uoik out 
sensitivities of the constituents of the flora as noM alteiul by therapy to 
1 arious antibiotics 

5 Too days before opention omit biitfathaladme and substitute Sulfa 
'.uxidme Start intramteseulai penicillin penicillin aerosol and pemeillm 
lozenges 
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A TECHNIQUE FOR THE COLLECTION OF LYJIPH PROM 
THE EIGHT THORACIC DUCT IN DOGS 

RoBrnr Pmnf, MD,^ HAKvr;\ R Butcher, MD, Fr\nk A Howvhd, AB, 

AND John R Sahth, MD 
St Louis AIo 

S tudies ot cviienmental i)Hlmon«u\ edema have been ficquentlj liaiuli 
caiipod hv the laek of a method ioi the detection of edema in intact and 
fuuetionmo: lunets, paitieiilailv when the ti ansiidation wms occult oi of lo« 
intensiti In then studies of pnlmonaij hmpli, Diiiikei and associates* 
noted that the How of Bmph fiom the lungs was incieased when congestion 
was induced AVe have lecently imestigated the outflow of Ivniph horn the 
lungs 111 1 elation to congestion and edcnia of tlie puhiionaiy tissue fioni ex 
peiimental heait failmc ** These obscixations ha\e indicated that the pio 
duetion of lung hnipli is alwajs incieased wuth pulmonaiy engoigemeiit and 
eduna, and that tlie quantiti of How is gieatei with nioie intense giades of 
tiausudation 

It has been sliowm* that the pulnioiuu and caidiac Ivinpli passes tluough 
lynipli nodes hing along the supeiioi lona cava The Huid then couises from 
these nodes to the light subclaMan \cin tluough one oi nioie Ijunphatics coni 
prising the iip/if thoiacic duct In some animals, the pulnioiiaiv lympiohcs 
pass to the left, anastomosing with the thoiacic duct oi entering duect5’’iiio 
the left subclaMan seiii Dunkei and co woikeis* have collected the puhnonni'^ 
lymph Ip caiinulatioii ot the light thoiacic duct Howeiei, the pioce w 
w'as so difficult as to bo ‘ accomplished satisfactoiilv m about one out o 
animals ” In oui e\pciienco, the cannulation teclimcpie has ha 
diawbacks In mam animals, the Ivmpliatics wcie ioimd to be 
caimulate In otheis, cannulation was successtul but the l3'iuph iai e 
because of inechanical obstiuction by the cannula 

We haie employed a simple method foi the collection and 
ot light thoiacic duct hm[)h wlncli aioids the pitfalls ot minute Vi 
and possible aitihcial obstiuction of the les^cls hi tlie niainpn a loi 


AIEIHOD 

The procedure is carried out ou dogs under Nembutal **'* 

identification of the l>iupliatic, 10 c o of 1 per cent solution of introdutol 

into the lower part of the trachea through a glass tube This dlowed for 

through a tracheotomy or through the glottis A period of ten ,5 juiile -ilooS 

absorption of the d^ e into tlie pulmonary Ij niphatms A longitudim me => 

Prom the Cal cliovascular DUmion Dtp iitnn-nt of lleamine W asliii = 
of Medicine and the Oscar Johnson Institute . , nescucl> Fun ' 

This woilc was done undei a giant Iiom the Life In_uraiice * •- 
Received for publication Aug S 1019 
♦Rockefeller Fellow in CauUologc 1948-1319 
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TECHNIQUE FOB COLLECTION OF LYMPH FROM RIGHT THORACIC DUCT IN DOGS 1577 


tbe right external jugular vein extending to the pectoral muscles and the first nb The 
loiter end of the jugular \ein is then dw ected free and followed to its confluence with the 
axillary vein and the right subclaiian vem* (see Fig 1) Tlie subclavian vein, in its inid 
portion 13 m close apposition to the subclaMau artery which arches up from beneath 
Uthough there is considerable lanation in the right lymphatic lesscls, one or more 
IjTnphatics liave been found in this area constanth, lying either across the \entral surface 
of tlic subclavian vein or between the arten *014 vein archiog upward from the deeper 
tissue If dissection is first earned out in this field location of the Ijmphatics requires a 
verj short tune a tedious dis ection is uauillv not noce ary 




Collection of the lung Uraph is aceomphshed bi inciaing the icssel with fine scissors 
permitting the fluid to issue freelj The field is carefully wiped drj and the IjTuph la 
then caught on 'small pledgets of absorbent cotton (10 to 20 nig m weight) placed over the 
incised vessel for a measured tiiiit In tin. properlj executed dissection, where all bleeding 
has been controlled the lymph la the unh fluid absorbed bj the cotton Furtlitrmoro tho 
identitj of tlio Ijmph is assured b\ tho bluish stain from tho d>e ‘VTo cniploj a Holler 
Smith precision balance to facilitate rapid and accurate WLighiug of tho pledgets 

In normal ancsthotircd dogs our mctliod shows tint the quantity of Ijmph from a 
right thoracic Ijmphatic vt^ncl i irie< from 4 to oO mg a minute Drinker and co workers,* ® 
by cannulation of the Ijauphati hnd tin. flow to range from 7 to 50 4 mg a minute 
Wulo cannulation la txtrenitlj dilhvult lam,^ unaucvcssful in four out of five iminnD, the 
pledget technique m all but rare mat incts is easily acromplishcd 
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P.VINE, BUTCHER, HOWARD, AND SMITH 


SUMlIiVKy 

Anatomic landmaiks ivhicli facilitate the location of the light thoracic 
duct are desenbed By incision of the tymphatic \essel, the fluid is collected 
on weighed cotton pledgets foi conti oiled peiiods The method has proved 
to be accuiate and simple to cany out 
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ABSTRACTS 


1 THE D\ NAJIICS OP COAGULATION 

J Garrott Allen JID Peter V Moulder MD (B^ Invitation) 
DvnielM Enekson, MD (B\ Invitation) and 
Donald Olotzer BS (B\ Intitition) 

Ciiicwo III 

Spontaneous (?) bleeding la the picsence of hemophiba protlnombin de 
flciencj and over hepannization is not explained by current knowledge or 
theories of coagulation Presumably blood could be extrnvasated under these 
conditions because (1) blood is less viscous and its surface tension alteied 
or (2) the continuity of the walls of the small vessels depends upon some 
continuing contribution fiom blood which is destroyed when the clotting 
process is delayed or inhibited 

Measuiements of suiface tension and nscositj have shoivn no sigmfieant 
changes in hemophilia piothrombin deficiency oi excessive hepannization 
Transfusion of normal dogs until hematociit readings of 65 to 70 per cent 
were obtained resulted in a consideiable iiiciease in viscosity and a deciease 
in surface tension but these animals bled just as icadily from prothrombin 
deficiency or ovei hepannization as did iiiiti ansfused controls The iriadiated 
dog (450 r ) given sufficient blood daily to maintain a hematocrit reading of 
70 per cent had similar changes in \ iscosity and siii face tension and dev eloped 
increased clotting time thrombocytopenia and henioriliage Anemia and 
hypoprotemeaua pioduced by the daily withdrawal of blood in noiiiial dogs 
reduced viscosity and inci eased surface tension but did not cause these animals 
to bleed or make them unduly susceptible to liemoiihage fiom Dieumarol oi 
heparin 

Data are presented vvlucli suggest that eoagiilation is a dynamic and 
protective piocess The activity of piothrombin rapidly falls and may dis 
appear entirely fouitecu to tweaty hoars aftev hvpatectomj ribnnogen 
conceutiations decUiie m a siniilai maiinei though less lapidly That the 
removal of the liver is not ncccssaiy foi the rapid decline of piothiombin 
IS indicated by the rapid disappearance of transfused protlnombin in whole 
blood or fresh plasma Appaventh the turnover of prothronibm is lapid and 
nearly complete in twenty foni houis and that of fibrinogen is only slightly 
longer (two to thiee days) The fate of these protcnis is not known It is 
possible that fibiin is constantly foinied and is eonccincd with the mainteiiaiice 
of the integrity of the vasculai wall and that its formation consumes pro 
thrombin 


J57D 
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2 ^‘^l^^^ULTANEOUS CESAliEAN SECTION ANE SPLENECTOllY TV 
IDIOPATHIC TIIEO]\IBOCYTOPENIC PUPPURA 

W R Curtis Tyro.vl,MD (Bylm-iTmoY) 

and Champ Lions, M D (By Invit itioxX) ‘ ’ 

Nrw Orleans, Lv 

wo Ale unable to'^fimrany ^leeoul^oV^ piegnant patient., 

section ,u the ....mason, out „f a con.pf.olS ““"gnanm 

..bo. lions ^ 

of piupuia She had i lomr ,ncf i.V f month ot piegnaiiey, because 

cause had been found" histojy oi abnoimal bleeding foi which no 

ovei the len-s scitteierT nm ^ , ‘ 1 eNaiiiination shoued innuiiieiable petechiae 
compatible Vith* a &e\ en-nimuV^ lesions of the lest ot the body, and findings 
infinitely pi oloimed blePfTi II ^ Picgnanej' Labor atoiy studies showed an 
and inci eased m'egakaiyLides^m’Om^ miUinietei, 

a mild eephalopelvic dispi opoTtwn ^ Roeiitgeiiogiam showed 

in the thiul fetal moitahtj lepoited following splenectoniv 

deci kd la he relatively miiioi bleed iig, it was 

delmi spon^ would be to allow hei to tiy to 

uecessaiv oi iatei ^ peifoiiii a splenectomy’- post paitum, eaily d 

at teim pien^ le I';*’'’ sA horns in labo. 

low-flap cesaienii ^ cesaiean section ivould be necessan A 

When the patienf- ^olloived immediately by splenectomy 

one mmuteV while opeiatiiig loom the bleeding time was twenty 

tliiitv seennd’s ‘'^^^'^^orneii was being closed it was tivo minutes and 

had no ahnnimoi i i P°®^®P°rative coiiise was nneienttul and the patient has 
tL 0 A ? ' toi the ensuing thii teen months 

millimetei wi^i l^ratelet coiint at dehveiy was about 100,000 pei cubic 
ao-e of 11 niniiH bleeding and clotting times She is healthy at the 

ihagie phenomena ^ noimal blood count, and has nevei had any hemoi 

Dill n^i^n presented as stnndaid ti eatment for 

effpctivAiiot. V pregnancy Rathei, it is a hitheito umepoited example of the 
with thirx. 1 ®P^®riectoniy in pi eventing mnjoi hemoiihage lu a patient 
w-ic non ^ oeytopemc pmpuia in whom anothei majoi suigieal pioceduie 

was necessaiy as an emeigeney 


3 THE DETECTION OF INTREVCRiVNLVL TUJIORS BY THE USE 
OF DI-IODO'^^-FLUORESCEIN 

AfosEs Ashivenazy, AI D (By Iniutation), George Y LeRo\, AI D , 
Theodore Fields, B S (By Invitvtion), and Lo\ il D v^^s, AI D 
(By Invitvtion), Chicvgo, III 

tissues have the ability to combine with fluoieseem dye 
combination is tempoiaiy, lasting foz a peiiod of two to foui houis aftci 
mtiavenous injection of the dye AVhen di-iodo“’-fluoie&cem (lacliofluoiesceni) 
11 amounts of 0 7 to 1 0 me is used, the gieatei ladioactivity of the tumoi tisne 
detect Its location by the use of suitably aiianged Geigei ADn 
This technique has been applied to the diagnostic study of pafien 


counteis 
with space-filling 


intiacianial lesions AVhen the lesion is a neoplasm. 
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concentration of tlie radiotJnoicseeui occnrs, and the location of the tumor can 
be established AYhen the lesion is a nonncoplastic ojst, or hematoma, there is 
no sigiiifioant local accumulation of the ladioactiie material A deseiiption is 
given of the dilfercntial couiitei method and of the apparatus developed in the 
Eadioisotope Unit, Hines Hospital The results of the examination of sixty 
patients with this tecliiiiquc ate discussed In everj instance but one, to date, 
the diagnosis based on the isotope studies has been verified at operation 


4 THE INHIBITION BY NORM \L SYMPATHETIC 1 ASOCONSTBIGTOR 
TONE OP THE SPONTiVNEOUS DEVELOPMENT OP A COLLATERAL 
CIRCULATION IN C HRONIC OBLITERATING ARTERIAL 
DISEASE OP THE LEG 

L in HENCE N Atlis, M D , Cleveland, Ohio 

In 1937 obsei vatioiis nere made nbich suggested that a collateral circula 
tioii would spontaneously develop as a noimal physiologic response to chrome 
ischemia of tlie leg and foot w ere it not for the fact that the flow of sympathetic 
vasocoiistijctor neivous impulses to the aitcrics of the leg and foot acted as an 
mhibitnig influence To test the validity of this premise i sciies of cases of 
ohronio thromboangiitis obliteians and arteiiosclerosis obliteiaus of the lowei 
extremities were subjected to lumbar sv mpatlietie ganglioneetomv During the 
past eleven years a total of 128 operations has been peiformed on 112 in 
dmduals On the basis of histoiv, age and physical findings, 32 probably had 
thromboaiigutis obliteians and 80 ai tcriosclerosis obliterans The latter group 
included 20 diabetic subjects 

The oiigmal thesis pioved to be valid A gradually progressive, measurable 
increase in the magnitude of aiteiial pulsation in the deneivated leg has been 
a constant postopoiative finding The ma-Minum postoperative increase in 
pulsation frequently was not attained until a veai had elapsed and has been 
maintained in some uistances, foi as long as ten v eaiN 

This presentation includes a brief discussion of tlie physiologv of collateral 
cnculatory development in the presence of chronic ischemia, the olmieal observa 
tions giving use to the oiigiiial piemisc, the clinical selection of cases, and the 
piesentation and interpietatioii of iccorded oscillometric evadenee of the spon 
taneous development and pi oloiigcd maintenance of an effective collateral circu 
lation m eases of chixmic obliterating aitciial disease of sy mpathectomized legs 

5 OCCURRENCE 01 ANTIHEM VGGLLTININS AGAINST NEWCASTLE 
VIRUS IN HUMAN RESPIRATORY INFECTIONS AVITH A POSSIBLE 
INSTANCE or VIRUS ISOLATION 

JliLcoLM B Bivvell MD (Bx iNviTvnoN), Mabovkei LeGiek, MS (By 
Iniutatiov), Fklnces, Mukrsx BS (Bi Ivitt mov), AVjlltui Schofield, 
DVAI (By Invutition) vndG 0 Broun, MD, St Louis, AIo 

Newcastle disease, a piiciuiioenccphaUtis of fowl causes biiiiiau con 
Jimctmtis, and seiologic evidence suggests it may cause infections iesemblui„ 
poliomyelitis oi influenza The causative vnus agglutinates clueken cells and 
antihemaggliitmins occur in sera of moculatcd or infected fowl 

Having isolated this virus fiom infected chickens we sought evadence of 
human infection by seiologie studies of patients siiffeimg fioni influenza 
or virus pneumonia Sera of thiity six such patients collected in the autumn 
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There weie no maiked changes in blood piessure i espouse noted in any of 
the patients studied 

This and othei pieliuunaiy data indicate that a cold stimulus, paiticulaily 
folloiYing a meal, niateiially inei eases the positive tests foi so called “ischemia 
of heait muscle ” This may be of clinical value in detectmg coronaiy insuf 
ficiency 

It would appeal that the cold stimulation of the external skm of the face, 
especially about the nose, is one of the factois which may contiibute toward 
initiating attacks of angina in patients walking against a cold wmd 


8 EViiLUATION OP THE ZINC SULFATE TURBIDITY AND TOTAL 
LIPID DETEEhHNATIONS IN LI\rER DISEASE 

Jerome R Berman, MD (By Inwtation), and Leon Schiff, MD, 

Cincinnati, Ohio 

(With the Technic vl iYssiSTANCL oi Lila Dohm, BS, ^vnd 
Eliz vnrTH Robinson, B S ) 

In 01 del to assess the clinical value of the zinc sulfate turbiditj 
lipid deteiminations as deseiibed by Kunkel, a senes of 871 
piofiles” weie studied These new tiiibidity tests weie 
loutine h\ei “function” tests simultaneously peifoimed The 871 . , 

tions weie made in appioximately 400 patients, moie than half of 
clinical evidence suggestive of livei disease Needle biopsy ot 
peifoimed in many Histanees , i 

The zinc sulfate tuibiditj test was contiasted vitli the sulfate 

test 12 0 units -was chosen as the uppei binit of noimal for t j ip,] ,,1 

tuibidity, and 5 0 units foi the thymol tuibidity The cases we coital), 
to the following groups ciiihosis (nutiitional, postnecio i , 
hepatitis (mfectious and homologous seium), o^^tiuctive jaun , 

(piimaiy and secondary), and miscellaneous The ^ „lanuloma of 

eluded patients with nonhepatic disease as well as a lev > o 
the livei and fatty infiltiation of the livei i +niluditv was 

The zinc sulfate tuibidity was elevated tniludity was 

normal in 19 4 per cent of the deteiminations The ^ p ^.vp jgteimma 
elevated and the zinc sulfate tuibidity noimal in 5 6 per cen 

When the deteiminations iveie divided according to diagnosis, t 
mg significant data appealed , thymol 

(a) In cnihosis the zinc sulfate tuibidity was eleva sulfate 

tuibidity was normal in 16 8 per cent of the tests, n ^ uei cent (h) 

turbidity was normal and the thymol tuibidity elevatea tuibidity was 

In hepatitis the zinc sulfate was elevated and the t y tuibidity was 
noimal in 8 5 per cent of the tests, whereas the zinc si /gi ju obstiuc 
normal and the thymol tuibidity elevated in only 0 7 Pei *l,.,Ujtiitv and thymol 
tive jaundice and caicinoma of the livei the zim m ciiihosis and 

tuibidity tests did not show the significant diffeieiiees 

hepatitis ^ „ -.^oitipulaily ^ 

It was felt that the zinc sulfate tuibidity test wa 1 * 

cases of ciiihosis of the livei , n f Kunkel weie con 

The values obtained for total lipids using the metli of Blooi 

tiasted -with the values obtained foi cholesterol using ^.l^g ygiues o 

total of 167 determinations weie so compaied It was 
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the total lipid and eholesteiol roughly paralleled one another The ratio of 
total hpid to eholesteiol was detei mined and it was found to be 3 76 ± 0 7 In 
17 9 per cent of the determinations this ratio was exceeded Host of these were 
mstanees of hepatitis and/or eirihosis The significance of these ratios is to 
be discussed 

It was felt that these new turbidity tests piovide useful infoimation and 
deserve ineliisioii lu routine liver function studies 


9 AN ANTIDI0EETIC SUBSTANCE IN THE URINE OP PATIENTS 
AVITH CABDIAC FAILURE 

BeknirdA Beecu, JID {By Invitation) Stanley N Roiciw, IID 
(By Invitoton), and Edw abd Massie, MD , St Louis, Mo 

Recently, much doubt has been east upon the conventional e\planation3 of 
the tnechamsnis involved during caidiac decompensation Because of the eon 
troiersial state of this subject at present, it was felt that examination of other 
factors involved in watei balance would be wortli while Therefore patients 
with congestive heait failuie woie studied foi the piesenee of met eased amounts 
of antidiuretio material ewieted m the uime 

Patients with definite heait failure weie selected for studj None with 
associated kidney disease oi einhosis weic used Urines fwm normal subjects 
and patients with mental diseases weie used as controls Urines were acidified 
to a pH of 5 5 to 6 5 with 3 pei cent acetie acid evaporated at room tempeia 
tuie beneath a fan, and then dialvzed m a cellophane sac for six to twentj four 
hours Unties were ooiiceiitiated so that a fifteen minute output sample would 
eijual 2 to 4 oc nid this amount was used as the test dose Assaj was per 
formed on trained normal female dogs in which water diuwsis had been pro 
duced bj giving 35 ce pei kilogiam body weight b> stomach tube Unne 
samples were collected tluoiigh an indwelling catheter A decicase m urine out 
put following intiaveiious injection of the test mateiial was used as a measure 
of antidiuietic actmtj and this was compared with the change in uime output 
foUovnng the injection of knovni amounts of Piticssin 

Ten patients were studied Of these, tliice had hypertensive cardiovascular 
disease, thiee had aitenoscleiotic heait disease thiee had rheumatic heart 
disease, and two had eoi pulmonale Nine of these weie found to have amounts 
of antidiuretic substance equivalent to 0 5 to 10 nm of Pitressui lu a fifteen 
minute mine sample None of the control!, sliowed anj antidiuretic activity 
m their unne samples Investigations now in progress indicate that this anti 
diiuetic matenal is not the same as commercially prepared Pitressm 


10 VICARIOUS LXCBLTION B\ MEANS OP PERGASTRIC 
INTESTINAL PERFUSION 

Lionu, Bebnstlin, M D fBv lNMTVTioN),PinupB O’Neill, MD (B\ 
Invitvtion), Arthub Bebxsieiv, MD (Ev Invitation), vnd 
AVilllvii S Hoffman, M D , Chic too. III 

Pergastne intestinal perfusion was earned out in mne pretennmal uremie 
patients as a means of vicarious excretion The subjects weie pHced on a Brad 
ford flame with held end elevated The perfusing fluid vns introduced mto 
the stomach and collected fioin a rectal tube aftei transit thiougli the entire 
mtestino To prevent overdistention of the stomach and vomiting suction was 
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applied at the caidia thiough a second lumen of the gastric tube Such a 
seheme avoided many of the disad\ antages of otliei aitificial means of vicarious 
lutiogenoiis excietion It leqiiiied no elaboiate equipment, no surgical proce 
duie, no piepaiation of steiile solutions, and avoided the danger of tluombosis 
01 peiitonitis It could be instituted with a iiimnniini of delay 

A significant fall in the seiiim nonpiotein nitiogen eoncentiationwasiecog 
nizable after si\ to eight houis of peifusion The noiipiotem nitrogen level 
of the intestinal perfusate was diiectly piopoitioiial to the serum nonpiotein 
nitrogen level and invcisely to the rate of flow The mean intestinal nitro 
genous exeietion was equivalent to a uiea cleaiaiice of 13 6 ec pei minute 
(lange, 6 9 to 21 0 c c ) At the optimal late of flow of 2 litei’S pei hour, the 
cleaiance was of the oidei of 21 0 e c pei minute In contrast, gastiic peifusion 
alone w as onlj aliout one sixth as eftcctive 

Blood levels of eieatiniiie, phosphate, and phenols weie not appieciably 
loweied Alteration of seiuin sodium, chloiide, and bicaibonate levels generally 
was toward noimal 

Scrum potassium levels dropped consul ei ably in all instances, though les 
so when the potassium eoncentiation of the perfusate was made 40 mg per Iw 
cubic ccntimeteis In prolonged pci fusions, the seium potassium might fall 
to the dangeioush low level of 12 mg per 100 cubic centimeters The high 
eoncentiation of ]iotassium in the intestinal peifusate implied the iionosraotic 
secretion of potassium in the intestinal juice The total negative balance or 
potassuiin was as much as five times as gicat as the total extiaeellulai content ot 
potassium The lost potassiunr was theicfoie largely nrtiacelliilai This maae 
the extent of tlie fall in seium potassiunr eoncentiation unpredictable In per- 
fusions of more than six to eight hours, the potassiunr loss might be dangerous 
This IS the limiting factor in the use of this method, w'luch otherwise appeare 
to be of distinct potential value iii prolonging life 


11 EXPERIENCE ^YIT1I nEPARIN-PROTAhllNE TITRATION 

"Willi AVI R Best, M D (By Invutation), and Louis R Limabzi, if D , 

Chicvgo, III 

Allen and co-vvoikeis fiist noted that in ceitaiir hemoiihagic 
hepaiiiieinia-like condition exists which will respond to the paien 
tiation of protamine oi toluidiire blue They devised a suit 

tioir tecluiique to detect this state Using a simplification ot this i ‘ 
able for clinical laboratory analysis, nnrctv'-one tests weie peitoime 
eight patients wuth vaiious hematologic diseases and 90 gamma 

jects One cubic centimetei lots of blood rendered iircoagulahie pio 

of heparin are titrated agarnst selected 0 02 c c inciemeirts or ^ jjj one 

tamrne solution until an end point ot coagulation at room temp solution, 
hour IS achieved Normal end points range from 012 to 01 c^ ^ ^ 4,+, 01 
depending on potency of successive batches Tests were read as ’ ^ pie 
+ + + according to the relationship in 0 02 cc nrcieineiits ot le P ^ ^^g^o - 
control value Of twenty-three tests run on iioimal „ ,meauee Slx 

eleven were 0, and nine were ± Thus a ± value is of no ^^itk 

patients wnth thiombocydopenie purpura, four with acute ‘gjigniia, 

chronic lericemia, two with aplastic anemia, nine with ,jji piolonged 

with polycythemia, three with iniseellaireous anemias, nve ^yjpi 

roentgen therapy, six with obscure bleeding problems, 4 ^i-g spleen were 
multiple myeloma, Hodgkin’s disease, and myeloid metaplasia gg^eii 

tested Of these, only three of the four acute leucemias an 
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chiouie leuceniias showed a si„nif!caut mciease luteiestiuglj , three of the 
si\ obscure bleeding problems showed a - reaction possibh indicating a com 
pensatorj incieased tolenncc for hepami 


12 DISTRIBUTION 01 BI OOD TIPES IN THE LEUCEMI'VS 

'WiLLLvM R Best JID (B\ Invitvtion) Loms R Li-mirzi, MD, 
iND Henri G Poncheb, M D Chic igo, III 

Of die hundicd tliiiti two patients with leueemia studied most of whom 
have been obseiied ovei tlie past twelve veal's Landstcmer blood gioups weie 
recoidcd in one Inindied tliiitv seven and Rh tvpes in tliiitv Four of those 
iwth known Laiidsteinei types were Negio all the otheis weie wlute Of those 
tjped, 12 per cent sufteied fiom acute leuccniia 45 per cent from chionic 5 
per cent from monocytic and 7 pei cent from other tvTies of leuccniia Tlie 
larger group studied consisted of 31 per cent acute 52 pet cent chronic, 6 per 
cent monoejtie and 11 pci cent miseellancous vaiicties Thus blood groups 
weie iccorded in a significantlv gieatei percentage of acute conditions than 
chronic The distiibutioii of blood tvpes among the one liimdied thiitj seven 
patients was 0 39 per cent V 41 pci cent B 13 per cent aiidAB 7 pei cent 
The distribution of blood tvpes as iccoided m over four thousand five hiuidred 
recent routine blood bank tests is 0 44 1 per cent A 38 6 per cent B 13 2 
pel cent and ,AB 4 2 per cent If tlie figiues from the cases of leueemia aio 
compared by ehi square witii those of the laigcr hospital gioup the probabihty 
of diffeiences being due solelv to random selection is 0 55 Thus there is no 
significant diffoionee of distribution between the t'svo groups Sinularlj tbeie is 
no significant variabiUtv of blood tv pc distnbution in the smaller gioups of 
chionic mj elogonous leueemia ehionic lymphatic leueemia, and the pooled eases 
of acute leueemia 

Of the tlurtv patients Eh tvped 77 pei cent weie positive, 23 per cent 
negative Comparison bj chi square with the published figmes of 85 per cent 
positive and 15 pei cent negative gives a piobahihty of 0 20 levcaling no 
significant diflieience between the lencenuc and the general groups 


13 OCCURRENCE OF HEMOPHILIA IN PEJLILES 

Kenneth M Brinkiious MD and John B Grvhaji MD (Bv Invitation), 
CiivpEL Hill N C 

Heiuopluha is eonsideied oidiiiarilj as t disease of the male scn only in 
herited as a sev linked lecessive ehniactciistic tluough the n chiomosome Of 
the possible types of crosses in linimn hemophilia onlj two, conduetoi female 
X normal male (Hh x HY) and noimal female x hemophilic male (HH x hY), 
are well established Raie iiiataiices aie repoited of matings between conduetoi 
females and hemophilic nnles In this cioss Hli x hY half of the female off 
spring should he of the genotype hh and would he evpccted to he hleedei's 
Hovvevei autlientie eases of female hemophilia have not been desciihed As a 
result it has been postulated that the genic combination hh is lethal, or that 
the bleeding tendency does not become manifest m females 

Recently a stiaiii of dogs with an inlieiited bleeding disease was dis 
covered On the basis of the Hh x HY cioss a sev linked tvpe of iiihentance 
was demonstrated The clotting defect appears to he identical to that in 
human hemophilia As a lesult of a bleeding piogiam canied on m our 
laboratoij bleedei males have been icaied to matmitj This leport deals 
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With the mating of bleedei males with condiietoi females Six htteis fioui 
such matings have been studied Neaily half o± the males weie hemophiliac, 
•rtlule the lemaindei M^eie noimal Appi oximately half of the females weie 
hemophiliac, while the lest showed no evidence of the disease The distiibu 
tion into bleedeis and nonblecdeis in these htteis was close to the expected 
1 atio of 1 1 f 01 the ci oss, Hh x hY 

The clotting defect in the aftccted animals was the same, legaidless of 
sex All showed consistently piolonged clotting times, noinial bleeding times, 
noimal piothiombin values, and a slow disappeaiance of piothiombm fiom 
clotting blood in spite of noimal platelet values The clotting defect was 
collected in vitio by noimal plasma oi small amounts of tin omboplastni 
Fuithei studies indicated that the bleedei females, just like the bleedei males, 
lack a plasma factoi lequiied foi platelet utilization 

No sex dilfeience in the bleeding tendency was obseived Hemaithioses 
and subcutaneous hematomas have oceuiied fiequently Some animals have 
had evidence of inteinal bleeding Ilemoiihagic episodes have been conti oiled 
by plasma tiansfusioiis 

The oecuiience of hemophilia in female dogs suggests that the geiuc com 
binatioii hh iii human beings is not lethal Absence of human cases may be 
due to lack of oppoitunity foi then oecuiience, oi to inadequate investigation 
of possible eases 


14 OBSERVATIONS ON TIIE EPIDEMIOLOGY OP INFECTIOUS 

HEPATITIS 

JohnW Brown, MD, and EdnvM Cree, MPh (By Invitation), 

]\Lvdison, Wis 

The oecuiience of infectious hepatitis was studied m two widely sepaiatecl 
areas in 'Wisconsin One legion, iii the noith-cential section, consists 
city of 10,000 inhabitants and suiiouiiding iiiial commuiuties The ot - 
miles away in the southwestein section, is a piospeious faimiiig legion 
geology of the aicas is difteient The chief method of study 
intei views with each individual who had had the disease and witi j. 
pieious contacts Most ot the cases iveie discoveied in this way ^ \ 
was made to aseeitain peitineiit facts conceimng the development 
case and to document the individual and enviionmental factois 
views weie obtained with 60 families in which hepatitis had no , g 
Sanitaiy suiveys weie made by the State Boaid of Health, and otnei < 
obtained lelative to teiiain, climatic vaiiations, and disease n 
puipose of this study, jaundice was made a mandatoiy ciiteiioii loi ^ 

In the 1101 them aiea, 168 cases of infectious hepatitis occinie , egu^o 
in Januaiy, 1947 In the south, 31 cases had appealed, the hist . ,jtly 
1945 The disease appealed in all months ot the yeai, with a o 
gieatei niimbei in wintei The gieatest nimibei of cases ],Qn] chil- 

between the ages of 10 and 30, the disease laiely appealing by 

dien 01 peisons ovei 50 Theie was a cleai tendency g.gojjs per 

families In the 115 families conceined, theie weie 199 cases ( , ,g^ the 

family) Of the 579 peisons 111 these families, 34 neie not 

lecogmzable syndiome Membeis of othei families 111 the pjjgtei mined 
involved, even though all activities weie shaied, so fai as couia jji the 

The occuirence of the disease seemed to piesent a pattern by g ^ miles 

southern legioii it was confined to an aiea of appioximately tom 1 
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Various en-iiionmeiital fartois weie studied The dunking water from 
wells was found to be contniiiiiiated in 30 pei cent of homes where cases oe 
ciirred and ra only 5 pei cent of homes which had been free of the disease 
Othei eonsidei ations tend to minimize the impoitance of this is the source 
for tiansmission The oecuirence of the disease in localized aieas by groups 
seemed to be the most impoitant aspect of these obsen ations 

15 RATES OP TURNOVER AND DIOLOGIC DECAY OF CHLORIDE AND 
CHLORIDE SPACE IN DOGS DETERMINED WITH THE 
LONG LIFE ISOTOPE CP“ 

G B Burch MD S A Threefoot SID {B\ IimixTiON), aj.d 
C Thorpe Bu SID (Bi Intitatio'i) Nei\ Obleaks, L t 

The longhfe ladiocMoride CP“ (Tij 2 x 10“ jeirs) made possible the 
studj of the eailj cmiecntiation time eamse in the blood serum, biologic decay 
lates and rates of tumoAci of chionde m si\ noimal dogs observed contiuuouslj 
for eighteen to thirtj one davs uiidei contioUcd nietaboho conditions These 
evpenments yielded the follovnng infouaation 

(1) The moan coneontiation time coiiise of CI’“ m the seiimi for the fiis-t 
sixtj minutes after lutravcnous admuustiatioii can be expressed b> the 
multiple exponential eijuation 

CNt = 1250e “ + 680e “ + Idle “ + 67de ' ‘ 

where 

CNt = concentration iii the serum at anj time t 
e = natural log 

(2) All the seial ehloridc leaves the seium each minute and about one thud 
of the nonseral chloride letuuis to the scnim each minute Thus in a dog 
weighuig 4 54 kilogiams (10 pounds) with a chionde mass of 5 5 Gm about 
2 75 Gm of chionde pass into and out of the seiiim each minute 

(3) The mean Cjj value foi the serum was 2 51 dajs (range 2 16 to 3 00) 
the mean Uu 3 50 days (range 2 75 to 4 00) and the mean Bi, 3 40 days (range 
2 75 to 3 80) 

(4) The mean leooveij was 91 per cent of that injected (range 83 to 
97) — 88 per cent (range, 81 to 90) in the mine and 2 6 per cent (range 0 6 
to 5 9) HI the feces 

(5) The mean cWoiide space in ‘sciaun equivalents” was 35 per cent of 
body weight (range 32 to 38) and the mean total body chloride 6 84 Gm for a 
(log weighing 4 54 kilograms 

(0) These and othei data to be piescnted indicate that (a) The chionde 
vpace IS large! than previously lepoitcd (b) Chloride cannot be employed as 
i measure of e\ti acellular fluid space (c) Chloride is present in considerable 
quantities outside the esti acellular fluids, (d) Man would require a daily 
intake of 43 Gm NaCl or 15 to 22 lb of food to hav e a diet comparable to that 
of a dog weighing 4 54 kilogiams (e) A diet of 200 mg sodium for a man 
weighing 70 kilograms is equivalent to a diet of 13 mg for a dog weighing 
4.54 kilograms Thus the usual studies of low sodium metabolism in small 
animals w ith hypei tension ’ ’ must he evaluated cautiously 

The importance of these studies in plannmg tracer expeuments with 
chionde and biomide and in iinderstamliiig the metabolism and excretion of 
ohloiide and biomide edematous states, intoxication due to i adiochloiide and 
ndiohiomide in atomic waifarc and othei physiologic pioc(j>ses is evident 
from the data 
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16 OEAL ADMINISTRATION OF VITAMIN B,, IN PERNICIOUS ANEMIA 

II SrUDILS ON THE NaIURE AND SoURCE 01 In'IRINSIC P VCTOR 

Don.ild C Campbell, j\I D (By Invit vtion) , Byron E avLL, M D , and 
Edwvrd II Morg vn, M D (By Iniht vtion), Rochester, Minn 

oi, adinimsteied paieiiteiallj to patients having peinicious 
anemia in i elapse, behaves in the same mannei as does the active pmciple m 
\ 1 ^}' vitamin B,o is adimnisteied oiallv it acts as does extrinsic 

tactoi, as Beik and eo-ivoikeis. Hall and associates, and otheis have shown 
Mice patients with peinicious anemia lack mtnnsic factor, oially admmisteied 
' ramin ±Si 2 is not utilu'cd, in most eases at least, unless the mtiiiisie factoi 
is given also, eithei simultaneously oi within a peiiod of six houis (Castle and 
associates) It the quantity of vitamin Bj, is kept constant, vaiions unknowns 
can be tested toi the piesencc oi absence of intiinsie faetoi ^Ye have utilized 
iis pi^eduie with seventeen patients liavuig peinicious anemia in seveie le 
lapse llie tollowing data have been gatheied fiom these studies 

(1) Inti nisie faetoi is piesent in fiesh, Beikefeld-filteied, pooled human 
gastiic juice (2) It is also piesent in extiaets ot hog stomach and diiodeiimn 
(o) It IS clestioj’^cd bj heating to a tempeiatuie of 63° C foi thnty minutes 
w destioyed iii human gastiie juice when the lattei is stoied at a 

pH of 17 at a tempeiatuie of 5° C loi thiee months (5) Tuchloi acetic acid 
and cold alcohol (95 pei cent) pieeipitates fiom human gastiic juice (pre 
paied foi us bv Di J L Bollman) did not contain the nitinisie factoi (6) 
In vitio mixtuies ot pooled human gastiic juice and vitamin Bi;, aftei stand 
ing at loom tempeiatuies foi twenty-foui houis, vveie heated to 70° 0 foi 
sixty minutes When these weie adimnisteied oially to a patient with pei 
mcious anemia iii i elapse, no hematopoietic i espouse was elicited (7) The 
minimal amount of human gastiic juice lequiied to pioduce optimal hemato 
poietie responses when admmisteied daily bv mouth ivuth 5 oi 10 /ig of vitamin 

has not been accurately detei mined, but in oui expeiience the dailv 
Mmmisti ation of 75 ce, plus xutamm B 12 , has given optimal results (8) 

\ aiiation in the lesponse to large quantities of vitamin Bis administered alone 
by mouth has been noted One patient failed to show a hematopoietic 1 espouse 
to a single 01 al dose of 1,000 yg of vitamin Bjj eoncentiate A second patient 
exhibited a suboptimal 1 espouse to a single dose of 75 yg of ciystaUuie 
mateiial From this, and similai obseivatious bj otheis, it is possible to 
theorize that lack of intiinsic factoi in patients rnth peinicious anemia is not 
absolute 


17 CONGESTIVE HEART FAILURE AND HYPONATREMA UNTO 
WARD EFFECTS OF MERCURIAL DIURESIS 

David Citron, MD (By Invitation), Bernvrd Bercu, MD (By Invitation), 
Rich vrd Lemsier, SI D (By Invutation) , and Edward kl vssie, M B > 

St Louis, jMo 

Recent liteiatuie conceining the treatment of congestive heart faihue has 
emphasized the value of dietary salt lestiiction and the frequent use 0 
cuiial diuretics One of the complications incident to the rapid 
duced by this type of tlieiapj'' is the piofound change in the electioivte a 
Such an instance was encountered m the case of a 50-yeai old moH 
became ciitically ill and comatose as the result of treatment of Ins seve 
gestive failuie with low salt diet and meieuiial diuietics It was notuii 
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(lajs subsequent to tlie appeaiance of coma, when ttie plasma ehloiide conceii 
tration w as found to be low that the tiuo pathogenesis of lus, condition w as sus 
pected and treatment wutli sodium ehlonde solution seemed justified The 
patient improied clmicallj and this impioiement paralleled the restoiatiou of 
eleetiolj te balance Since this initial c\peiieuce eleteii other patients present 
mg a similar tlioiapcutic pioblem haie been ticated 

In patients with w ell established congestue failuic with edema the es-tra 
cellular fluid compaitmcnt is espanded The lemotal of the esccss flmd m the 
extracellular space may be accomplished bj a combination of low salt intake and 
niercuiial diuretics Dming the excretion of this fluid liowevei sodium and 
chloride are removed at a relatuelj faster rate than water Consequently the 
sodium ehloiide values fall and the fluid becomes Iij-potonic In the presence 
of subuomial plasma sodium and chloiide concentration the diuictio response 
to organic iiiateiials is inhibited Cliiucally the situation which at this point 
presents itself is one of a patient with chrome cardiac failure who in spite of 
vigoioiis treatment is getting woise lather than liettcr and does not respond to 
meicniial dimetics Dizziness diowsmcss muscular pains and apathy appear 
and if coirection with adequate amounts of sodium chloride is not made in time 
confusion, eonxulsions and death max lesult 

18 hlETABODIC CHANGES INDUCED Bl SUBTOTAL ADEENADEC 
TOW RESULTING IN CURE OP CUSHING S SYNDROME EFFECTS 
OP LATER ADMINISTRATION OE ACTH 

J W Conn MD L H Louis ScD (BYlsmxTioN) b Fwxns MD 
(By Inviixtion) andBfttx J Johnson, BS (By Iniitition) 

Ann Ardor Mich 

A metabolic studx was earned out upon a 22 year old woman with typical 
Cushing’s syndrome pioved to he due to bilatcial adienocortical hyperplasia 
It affords compaiative data in the same person uiidci three separate conditions 
(1) before subtotal adieiialcctom> (2) after metaholio and physical nonnaloj 
had been established by lenioxal of more thru 90 poi cent of adienal tissue and 
(3) durmg stimulation of the adienoeortical remnant with laige amounts of 
ACTH (100 mg pei day Armoui Staiidaid) The data mclude obserxations 
upon the metabolism of nitrogen caibohydrate mic acid glutathione eholo 
sterol and electrolytes as well as daiK exciotions of 17 kctosteroids and of 
11 oxy steroids ’ 

To bo emphasized aie the following results and conclusions 

(1) Before operation fastiug blood glutathione axeiaged 26 mg per cent 
(highest value 28 rag pel cent) and eatbohydiate toleiance was gicatly im 
paired Iiitrax eiious leduecd glutathione (GSH) abruptly eonxerted the 
diabetic tolerance to normal but it quid ly lexcited to the diabetic typo Pom 
montlis aftei operation fasting blood glutathione averaged 43 rag pei cent 
(lowest value 39 mg pei cent) Caibohydrate tolerance was then normal and 
has icraauied so 

These observations aie in accoid with our prevaous repoits upon the lole 
of GSH in AOTII induced diabetes m noimal human beings A dtfieieney of 
flee sulfliydryl (-SH) gioups appears to be importantly mvolxed ui the patho- 
genesis of the diabetes obseixed m Cushing s synidiome 

(2) Excrctrou of 17 KS and of 11 OS (both elevated threefold preopeia 
lively) heeame pcisisteiitly noimal after adrcnalectoniy ACTH acting upon 
the adrenal remnant retui ned these v alues to then prcoperativ c lev els I They 
became noimal again upon cessation of ACTH. 
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Upon sufficient stimulation and for, at least, a shoit peiiocl of time, a 
small lemnant of adienal coitex ean give use to the same quantity of steioidal 
end pioducts as had been pioduced by two hypeiplastic glands duimg the 
active stage of Cushing’s syndzome Conveisely, the hypeiplastic achenals 
of active Cushing’s syndiome aie not leeemng maximal functional stimula 
tion fiom endogenous ACTH 

(3) Despite an ACTII-indueed letuin of excietoiy coiticosteioids to pie 
opeiative levels, some of the picopeiative metabolic abeiiations failed to le 
appeal This was true also of the picopeiative vasculai hypei tension 

It is likely that some of the clinical and metabolic mamfestations of in 
ei eased coitical activity aie a function of time as well as of intensity, that 
mildly inei eased coitical activity of sufficient diiiation eventually will iiiaiii 
fest itself This may be impoitant with lespect to theiapeiitic uses of ACTH 


19 A CLINICAL-PATIIOLOCIC^iL SURVEY OP 108 TUBERCULOUS 

PATIENTS 

Thomas H D vnosoN, M D (By Invitation), Joseph M Lubitz, MD 
(By Inittation), and JLvurice Hvrdgro\te, jMD , 
SIlLWAUKEE, ^YIS 


Autopsies weie peifoimed on 108 patients who had active tubeiciilosis Th® 
diagnosis of tubeieulosis was established by clinical means m 95 (Gioup A), 
but the disease was not leeognized befoie death in the othei 13 patients (Group 
B) 

Giouj) A — Tubeieulosis was the pnmaiy cause of death in 73 of the eases 
m wluch It was diagnosed befoie death, but m 18 patients othei diseases than 
tubeieulosis weie the cause of death In 13 of these IS the nontubeiculoi 
disease eausmg death was lecognized clinically, in the otliei 5 it was , 
pected Theie were foui othei patients in this gioup in whom it appealed tha 
the tubeiculous piocess and aiiothei disease weie of equal unpoitaiiee m ' 
patient’s demise Adequate attempts weie made in the treatment of j 

non tuberculous diseases in tius group, but in those five patients who 
clinically uncoveied diseases caily tieatment might have helped Theie v ^ 
the followmg conditions imiecognized befoie death in the five patients ni wi ^ 
the clinical diagnosis of active tubeieulosis was made eaicinoma^ o 
pancreas, heart failure due to aiteiioscleiotic heart disease, pulmonary m 
tion, and two eases of pulmonaiy atelectasis , 

Giouji B — Analysis of the 13 patients who had active 
eoveied only at the time of the postmoitem showed that two 1“ Pidosis 
of the tubeiculous piocess, one from acutely disseminated niiliaiv tii | jjy 
and one from tubeiculous peiitonitis The other eleven patients gg£^llv 
recognizable nontubeieuloiis diseases and were piopeily a«^ 

treated The clinically uiiiecogmzed tubeieulosis involved the pf 

lespiiatoiy passages in all but one patient in whom piiniaiy Hihei 
the kidney was found at autopsy The other of the 

this group were generally so acute, severe, or advanced that tiea 
tuberculous lesion would have been of little avail , 

Accuracy of clinical diagnosis involving both m 141 

associated diseases in the group of 108 patients was .gut) of the 

instances Active tubeieulosis was missed clinically in i<5 pe uioiteffl 
total group studied Nontubeiculous diseases went undiagnos p 
in 6 5 per cent (T) 
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TubeicuSosis sen ices need to seek consultation from other branches of 
medicine and surgerj as inueh as do medical and suigical services need the 
help of pulmonary disease students This need should encourage hospitals to 
provide frequent cross consultations Close proNimity of tuberculous hospi 
tal and sanitorium units to other medical and surgical units will aid in this 
endcator Tiieiapeutic advances not only m tuberculosis but m other diseases 
as well will then be leidilj available to the patients 


20 POLYtd THEJILI \ERA mTB HEPATIC VEIN THROJIBOSIS 
CASE REPORT AVITH SERIAL LPVEB BIOPSIES AND 
iVPPAREAT RECOVERY 

AY D B vTis, Jr II D , AViLmu B Arrowsmmh, 31 D , v>ro 
A A Cure III, 31 D (BrlwiTmoN} New Orleans, Lv 

A ease is presented of a patient who apparently recovered from spon 
taiieous thrombosis of the hepatic vein (Chian’s syndrome) It is heheved to 
be the fiist case to be repotted in which the patient recovered 

Case Report ~A 39 year old shipyard machinist came to the Ochsner 
Clime on Aug 30, 1948 because of weakness failure to gain weight, and a 
feeling of fullness in the abdomen of ten months’ duration Thiee weeks be 
fore admission edema of the legs and ankles and slowly progressive enlarge 
ment of the abdomen were noted 

Phjsieal eNamination and laboratoiy studies revealed the oonibmed 
features of polyoythemia vera and severe hepatic disease The patient had 
a florid cotnploNion with dilatation of superficial vessels and engorgement of 
the retinal veins Spider angiomas were noted over the shonldirs and ehest 
The abdomen was filled with fluid The edge of the liver could be felt about 
10 cm below the right costal margin and theie was considerable enlargement 
of the left lobe The spleen was ballotable 6 cm below the left costal margin 
Pitting edema was apparent in both ankles and pretibial areas 

There was pronounced elevation of the red blood eel] count hemoglobin, 
hematocrit, white blood cell count and platelets The serum bilirubm value 
was elevated to a total of 3 mg per cent bromsulfalein test showed 46 per 
cent retention in forty five minutes urine ui obilinogen cNcretiou was in 
creased and prothrombin time was 27 8 per cent of normal 

The patient was hospitalized on September 6 for paracentesis and repeat 
phlebotomies, and 7 me of ladioactive phosphorus were given intravenously 
Initial liver biopsy revealed considerable engorgement of the sinusoids m the 
central area of the liver with pressure atrophy and beginning fibrous replace 
nicnt A small branch of the hepatic vein w as seen m one section ivith a re 
eanahzmg thrombus occupying the greater part of its Itunen Despite re 
peated low prothromhm times Dieumarol therapy was instituted Because 
of recurient ascites and hemoirhage with paracentesis a peritoneal button 
was inserted on October 23 AVith institution of a low sodium diet and re 
peated admmistiafion of mercurial diuictics the patient unproved steadily 
The liver and spleen showed piogiessive decrease in size and on discharge, 
Deo 2, 1948, the patient was free of edema and bromsulfalein retention was 
reduced to 13 per cent in forty five minutes and total serum bilirubm to 1 16 
nig per cent 

During the ncNt few months the patient required hospitalization once for 
ahght bleedmg due to Dicvmiaiol poisomng and once for an mtercurrent acute 
infection fcinee that time he has continued to impiovc, has gained weight, 
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and IS now woiking full time without difficulty Two subsequent livei biopsies 
have shown piogiessive impiovement has been given once since dis 

charge 

The only usual sign of hepatic vein thiombosis which this patient did not 
exhibit was the piesenee of pain in the light iippei abdominal quadrant His 
leeovery is believed to be i elated to the establishment of unequivocal diag- 
nosis by means of livei biopsy and piompt institution of theiapy foi the poly 
eythemia, with additional contiol of the ascites and clotting tendencies of the 
blood diiiing the peiiod of leadjustment 


21 RENIN SENSITIVITY AND IIYPERTENSINOGEN LEVELS IN 
ADRENALECTOMIZED DOGS 

W D Davis, Jr , hi D , A Segaloff, M D , AVilliam Jacobs, M D 
(By Invitation), .vnd J B C.vllahan, M D (By Invitation) 

New Orleans, La 

Studies luidei taken in an attempt to elaiify the lelationslnp of the adienal 
gland to lenin sensitivity and hypei tensinogen levels levealed a defimte vas 
cular lesponsiveness to lenin and the piesenee of hypei tensinogen in a<hena 
lectomized dogs in both the immediate postopeiative peiiod and after frank 
adrenal insufficiency had developed 

In foiii animals, aftei detei mination of blood piessiue i espouses to luai 
of aiigiotomn and 1 mg of lenin, bdateial adienalectomy was done in two 
stages Pour days following the second stage, ivhen definite hypotension an 
pionounced inciease in the blood uiea nitiogen indicated fiank adienal n 
sufficiency, the renin and angiotonm lesponses weie deteimined again in t 
anesthetized animals Hyiiei tensinogen assays weie made on contiol an 
expel imental animals in these instances In three of the dogs the intiaveno 
injection of 1 mg pioduced essentially the same use after as befoie adieua e 
tomy, wheieas in one dog the response was somewhat less but was 
tionately as gieat when calculated as a peicentage of the basal blood 
In the hyiiei tensmogen assays the amount of this substance was normal in 
_ and questionably 1 educed in a thud i „ 

In foui othei dogs anesthetized with pentobaibital sodium 
foUowmg the second stage of adienalectomy, when advanced aclie 
sufficiency had developed, injection of 1 mg of lenin pioduced a use 
piessuie in three instances equal to that pioduced by 1 to 2 iimts of ^ 

and in the fourth a smaller use In one of these animals 50 mg o 
corticosterone glncoside did not inciease the vascular response to 
renin In two dogs in which the second stage adienalectomy was 
mediately prior to assay there was no essential change in the i to 

befoie 01 after second stage adienalectomy In these dogs taenyp ) 
lenin was as difficult to produce aftei adienalectomy as it was before _ j 
In one dog studied immediately after bilateral ^ espouse 

pressure subsequently dropped to 10 mm of mercury and gj though 

could be elicited ivheieas the angiotonm response was somewhat to 

still considerably reduced In one normal dog, rendered gjid not 

rerun by repeated injections, 50 mg of desoxycoiticosteione glue 
materially hasten recovery 
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DD rURTirCR STUDIES ON BFrECT OF DESOXYCORTICOSTERONE 

State IN experimental hypertension 

W D D OTS, Jr , M D Ilbebt Seg \loff 31 D AYieli i ji J vcobs 31 D 
(B\ Invitvtion; isdJ B Cvleahan MD (Ba Ivvitition) 

Nfw Orleans La 

Studies of the hiood piessu.e > 

rcAealed (1) a usual but not , „i /oi „o fiirther etfeet from the 

venous injection of 2 c c of material, (3) abohtion of this 

addition of 5 mg of . a ( 4, ft om continuous siibeu 

response by a local or genera! o, etate m sesame oil, a sus 

taiicous administi ation of if could be iLbshed by elimination of 

“'■"rr/s.rr.sr.-i ^rri is 

puncture and the use oi a “,\®„app,„g^I'bv application of Gold 

^iandaidiaation of 

0.1 me 

unanesthetized do^, no gjjfoj nith 5 mg of desoNj 

propylene glycol alone ““d 2 cc of P W ^ tiansieiit 30 nun rise 

“r": waf iy the imectio^of Po‘!^^>™oi ticosteim and 

sesame oil ui ^oses of 0 15 to 1 A» mg 1 j blood pressuie rises 

of ten CNpenmental peroids of 0^ Thefc iverc sustained at first but 

of 25 to 50 mm of mercurj ’’O™ "o j^peated periods in the same 

gradually tended to retuin le”s magnitude ^lu such instances 

dog tended to be of J ^ dcso\yeoiticosterone could again augment 
hoAvever, uicreasing the ^off f pj„ch 11 ere of similar magiutude 

blood pressure ‘■o"P“P®® nere preventable by the use of low 

f.aSl=Ul.SSa 

CliSrrS Sil “H/if ■•a™- l'"'* p»a"«a • 

simjlar rise m arterial pressure 
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23 AN EFFECTIVE METHOD FOR THE PREVENTION OP 
RHEUMATIC FEVER AFTER THE DEVELOPMENT 
OF A STREPTOCOCCAL INFECTION 

Capt^un Floyd W Denny (By Invitation), Captain Lewis ^Y Wannayaker 
(By Inmtation), and Capt^un William R Brink (By Invitation), Medical 

Corps, Araiy of the United States, Fort Francis E Warren, Wyo , 

AND Charles H Raaiaielkaaip, M D , and Edward A Custer, M D 
(By Invitation), Cleveland, Ohio 

Fiom Januaiy thioiigF June, 1949, at Foit Fiaucis E Waiien, ovei 1,650 
consecutive cases of exudative pliaiyngitis and tonsillitis weie obseivecl 
These cases weie divided into contiol and tieated gioups of appioximately the 
same size aceoidmg to iVii Foice seiial nunibei Tieatment consisted of the 
parenteial admmisti ation of eiystallme piocame penieiUin G (suspended m 
peanut oil containing 2 pei cent aluminum monosteaiate) in doses of 300,000 
units on admission and again in seventy-two houis Latei ui the study the 
dosage schedule was changed to 300,000 units on admission, 300,000 units at 
foity-eight hours, and 600,000 units at niiiety-six houis Studies foi the de 
teetion of iheumatie fevei weie peifoimed between the thud and fouith week 
following the initial infection Thioat cultuies and blood specimens weie 
obtained fi om all patients on admission and at the time of re evamination 

That these uifections weie almost exclusively sti eptococcal in oiigm was 
established by the pieseiice of gioup A stieptococci in appi oximately 80 per 
cent of all the oiigmal thioat cultuies and a diagnostic inciease of the aMi 
stieptolysin “0” titei in the convalescent blood of about 80 per cent ot tii 
contiol gioup 

In the entile gioup, twenty-seven patients developed symptoms sugpstwe 
of acute iheumatic fever duiing a peiiod of flora ten to thiity-five days folio 
mg the initial sti eptococcal infection Of these, a definite diagnosis of aeu 
iheumatic fever was made in nineteen patients, seventeen of whom weie m 
contiol gioup and two in the tieated gioup A diagnosis of possible ac 
iheumatic fevei ivas made in eight patients, six of whom weie in the con 
gioup and two in the tieated gioup 

It IS concluded that the adequate eaily tieatment with penicillin of stiep 
tococeal infections 'will pieimnt iheumatic fevei in the majoiity of cases 


24 A COMPARISON OP TUBERCULIN AND ARTHUS TYPES 0 
HYPERSENSITIVITY, IN VIVO OBSERVATION IN 
THE RiVBBIT EAR CHAhIBEB 

Robert H Ebert, M D , W R B argl,vy, JM D , and J J Ahern, M E > 

Chicago, III 

(Introduced by Robert G Bloch, M D ) 

Usmg the rabbit eai chamber technique it has been P°®®i'^J^gj, 3 enshivity 
VIVO the diffeience between tiibeiciilin and Aithus types of ^ed tissue 
The labbit eai chamber piovides a thin laj'^ei of living vase wj^ations 
40 to 50 fjL thick which can be inoculated diieetly aud the 

can be made at fiequent inteivals undei the highest magni jj;(,(iachioiue 
dynamics of tissue change can be watched and lecoided wi 
motion pictures 
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The tuberculin reaction was studied lu fi\e chambei-s inoculated diicotlj 
ivitb old tubeieulin One animal ms sensitized with borine tuleiele bacilli, 
strain Raveiiel RV, and the othere with BCG Dilatation of blood vessels 
occurred duiing the first thiity minutes aftei inoculation and persisted foi at 
least seventy two houis Generalized sticking of leucocytes to vascular endo 
thelium developed duiing the first thiift minutes pei-sisted for forty eight 
to seientj two houis, but decreased in extent aftei thntysLx hours Di 
apedesis of uhite blood cells lesulted in the iccnmulation of consideiable gen 
erahzed exudate within two to fixe houis aftei inoculation The exudate in 
creased in density dming the first thirty six houi-s In thiee expeinnents lo 
calized liemoconoentration due to seepage of phsuii thiough damaged endo 
thelium was followed 1 y stasis and complete thi ombosis of small venules This 
ocemred in the regions of densest exudate twenty two to thiity six houiN 
after inoculation 

The Aithus reaction was studied in six chambers using both loiine albu 
mill fiaetion V and horse seitim ss antigens Immediately following diiect 
mocuhtion of antigen uito the ehambei in the sensitized animal platelet 
thrombi foimed ni xennles and washed amv m the general circulation With 
in fifteen to thirty inimitcs there was considerable admixture of white blood 
cells with platelets ui the thrombi which contiiuud to foim Twenty to sixty 
iiuuutes aftei mocuhtion sticking of hrge chimps of white blood cells and 
platelets to vasculai enclotheliiim was obsened in many \essels Siuiul 
taneously othei xessels thioiubosed complefeh and plugs of platelets and 
white blood cells could be seen sipaiating aieas of densely packed red blood 
cells Dense exudate dei eloped in the regions wheie sticking was marked, but 
little 01 no exudate accumulated around lessels which thioniLosed eaily The 
peak of the reaction oecuried aftei eight to ten horn’s although sticking of 
white blood cells vasculai dilatation and iiifi eijuent foiuiation of new phto 
let thrombi could be observed after twenty foui hours 

Endothelial damage charaetei ized both ty^pes of hy perseusttn ity In 
the tubertulin type damage was either piimaiv oi initiated by local tissue 
damage In the Aithus type it seemed to be initiated by an inti avascular le 
action 


25 EIiECTKOCABDIOGBAPHIO I'ATTBRNb IN PERSONS OVER 80 

E Feudjian, MD (By Invita-hon), E J Chesrow MD (By Inxutitiox), 
AND P H WosiKA, 11 D , Chicago, Iu- 

Unipolar multiple chest and limb lead electrocardiograms, in addition to 
the standard leads were obtained upon one hundred patients oxer 80 years 
of ago at the Oak Forest Infirmaiy and the llhnois llasomo Hospital The 
abnormalities aie tabulated the largest groups being first degice heait 
block twenty mile eases left ventricular hyiierti opliy, twenty nine cases 
bundle branch block thirteen cases, myoeaidial infarction eleven oases The 
establishment of the cardiae position using the unipolar leads explained the 
axis deviation found in the standard leads in fifty three cases of left axis 
dcxuatioa the heart w as in the hoi izontal or senuhonzontal position 

Twenty one elect! ocardiogi ams xvcie considered normal using the ciiteria 
established by Myers and associates Of these only fifteen were noimal to 
careful physical examination Of forty fixe patients coiisideied iioimal to 
physical examination, thirty cases showed abnormal electrocaidiograms Ar 
tenosclerosis and vai-ying degrees of heait failuie aceoiuitcd in the mayoiity 
for the physical abnormalities encountered 
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Our patients being olclei than the patients of most othei published seiies, 
togethei noth the use of multiple chest leads (V^R, V3R, Vi-s), as well as the 
unipolai limb leads, makes comparison mth eailiei senes difficult The ad 
vantages of the additional leads to electiocaidiogiaphie inteipretation again 
become appaient 


26 CAEDIODYNAMIC AND RENAL STUDIES IN CHRONIC 
PERICARDITIS IVITH EFFUSION, WITH PARTICULAR 
REFERENCE TO THE MECHANISMS OF FLUID 
ACCUMULATION 


A P Fishuan, MD (By Invitvtion), J Stamler, MD (By Invitation), 
L N Katz, MD,L Rubenstein, M D (By In\utation), A J Miller, MD 
(By Iniutation), and E N Silber, MD (By Invitation), Chicago, III 


The eaidiodynamie and lenal changes in chionic peiicaiditis ivith ef 
fusion weie investigated 111 the dog with paiticulai lefeience to mechamsms of 
fluid letention in 1 elation to congestive heait failiue 

Peiicaiditis was induced with nntative cellophane Post-mortem mor 
phologic studies levealed ehionic nonbacteiial peiicaiditis with effusion, 
passive hypeiemia of the livei, kidneys, and lungs, and anasaica 

The following deteiminations weie done seiially on unanesthetized do^ 
( 1 ) caidiae output (CO), ( 2 ) lenal plasma flow (RPF), ( 3 ) glomenila 
filtration late (GFR), ( 4 ) Na cleaiance, ( 5 ) plasma volume, 
space, ( 7 ) hematociit, ( 8 ) plasma pi oteins, ( 9 ) cential and peiipheial ven 
piessure (VP), ( 10 ) aiteiial blood piessuie, ( 11 ) heait late, ( 12 ) R 
peiicaidial piessuie, ^ 3 ) weight 

As peiieardial ettusion developed, peiipheial and cential venous press 
lose This was the initial change lecoided No dog had an incieasecl p 
volume at this time In some animals thiocyanate space was noimal, m ^ , 

it was model ately inci eased Restmg C O , R P F , and GFR weie all no 
at this time Na clearances suggested slightly deci eased Na evcietoiy ra 

With piogiession of tamponade, VP lose fuithei ]vas 

iiici eased in some animals, at contiol level in otheis Thio^anate sp , 
elevated In this late phase, lesting CO, GFR, and RPF weie a 
levels Aiteiiovenous O2 diffeience was inci eased Abibty Biessure 

m 1 espouse to excitement and exeition was seveiely limited Lmo P 


and pulse pi essui e wei e model ately depi essed , gj[y 

Pi 101 to exitus cnculatoiy collapse oecuiied, with ^Upotension, mai 
elevated VP and mtiapeiicardial piessuie, decieased light ati ^ ^ jggj, 
filling piessuie Resting CO, RPF, and GFR weie j 

ance was sevei ely impaii ed, wath pi olonged 1 etention of infusecl sa ^ 

It IS concluded fiom this study that 111 peiicaiditis with right 

Venous piessuie uses as increased intiapeiicaidial piessuie jig a 

atiial effective filling pressure Incieased venomotoi tone app 


key f actoi in the V P use , fpins oc 

(2 ) Elevated hydiostatic pressuie leads to edema foima 10 
euis despite noimal lesting CO, GFR, RPF, and plasma voi jncreased 
(3 ) It IS suggested that with elevated renal venous P^ volume 
tubulai Na reabsoiption bungs about Na and H3O 1 etention develops 

IS theieby mamtauied despite incieased hydiostatic piessuie, goii 

without hemoeoneentiation Inadequate CO 
tribute to Na 1 etention due to an 11101 dinate fall in R P F ana 
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(4) Preteinunallj , a ciitieal le\el o£ mtiapencardial piessuie is leached 
(10 to 15 cm of H 0) hejond winch VP cannot iise to maintain light atinl 
effective filling piessure and CO Cireulatoiy collapse ensues All nieeh 
anisms f oi Na and H 0 i etention ai e aggravated Exitiis soon supervenes 

27 CLINICAL AND EPIDEMIOLOGIC STUDIES OF MIBIPS 
EMPLOYING THE COMPLEMENT FIXATION TEST 

A E Feeler MD George P Bidger, MD (B\ Invitihon), 

John H Dingle MD EiOHinoG Hodges, MD (By Invitwion), 
"WiLUAJi S Jordvn Jr MD (By Invitation), and 
Charles H R mimelkaaip Jr M D Cleveland Ohio 

The complement fivation test has been employed for a ehnical and epi 
demiologic study of mumps Data have been obtained eonceriiing the per 
sisteiiee of antibodies following nifeetion the oceuiience of unrecogmzed 
mfections, the diagnosis of suspected cases of mumps and of “aseptic memn 
gitis ” and a compaiison of the S” oi soluble antigen and the “V’ or 
Mills antigen The results confirm and extend data presented previously from 
other laboratoiies 

Tests on one bundled fifteen single sera employing infected allantoic 
fluid (“V" antigen) detected antibody in the seia of fifty of fiftj one mdi 
viduals who gave a deflmte past histoij of mumps This positit o correlation 
IS notable because the majoiity of these persons had had mumps ten to thirtj 
years previously There avere seventeen individuals whose seia contained no 
detectable antibody and it seems highly significant that fourteen of them had 
no histoiy of mumps two had an equivocal history and only one had had 
mumps Sera from thirty two or 70 per cent of foity sl\ individuals with a 
negative past histoiy of mumps contained antibody, indicating that map 
parent or mild infections ai e frequent 

Diagnostic tests were made with acute phase and convalescent phase seia 
from thiity foul patients with definitive results Twelve sets of sera showed 
large iiioi eases m titei eleven of these were fiom cases of mumps many with 
compbcatious, and the twelfth was from a patient in whom mumps was 
strongly suspected Twenty two sets showed no significant change in titei , 
all were from patients in whom mumps was considered in the diffeieiitial di 
agnosis and thiiteen weie flora patients with ' aseptic meningitis " 

Tests employing “S” antigen indicated as Henle has lepoited, that anti 
body to this antigen usually does not peisist as long as antibody to the “V” 
antigen ‘ S” antigen afforded no decided advantage over “V” antigen for 
the detection of mumps with paired acute and convalescent phase seia 

It IS concluded that the complement fixation test is a valuable tool for elm 
leal and epidemiologic studies of mumps In addition, the test has been of 
practical clinical importance in ceitaiu instances, such as in patients exposed 
during early piegnaney and in piofessional personnel 

28 DETERinNATION OF TOTAL BODY SODIUM IN MAN WITH 
RADIOSODIUM« 

Gilbert B Forbes, M D , and Anne M Perley, M A (By Invit vtion) 

St Louis, Mo 

Previous methods for determining the sodium content of the human body 
have been based for the most pait, on calculations from chemical analjses of 
various organs and an assumed latio of these organs to the total mass of the 
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body Caicass analysis is obviously moie aeemate, yet lepoits of such an 
alyses aie available only foi the fetus and newborn Since knowledge of the 
sodium content of the body should be useful in estimating parenteial fluid re 
qunements, an attempt was made to deteimine it by the isotope dilution 
piinciple 

Inti avenously administeied ladiosodiiim quickly mixes with intravascu 
lai sodium and ivithm two to thiee hours is ui equilibrium (except for ceiebro 
spmal fluid) with exti avaseulai sodium Eqiiilibi ation with the sodium of 
biaiii and bone takes place moie slowly but is beheved to be complete in about 
eighteen houis When equilibiium is complete, seiiim specific activity should 
equal total body specific activity, and from Imowledge of the fomei, total bodv 
sodium can be calculated as follows 


Na-^ injected - Na-^ excieted 
Seium Na-y^eium Na*® 


Total body Na"^ 


Thiity deteiminations on twenty-seven healthy young men mdicate that 
total body sodium has an aveiage value of 41 meq pei kilogiam In a senes 
of seventeen childien the aveiage values aie 43 meq pei lulogiam foi the 
oldei ehildieii, 49 meq pei kilogiam foi laige uifants, and 82 meq pei kflo 
giam foi small infants Compaiison of these lesiilts ivith those of actual 
chemical analyses fiom the liteiatuie will be made 


29 COMPAEISON OP THE ELECTEOPHOEETIC PATTERN OP SERUM 
AND PLASMA IN LIVEE DISEASES WITH SPECIAL REFERENCE 
TO THE GAAINIA GLOBULIN FRACTIONS 


M Frvnkun, M D (By Invitation), H Popper, MD , J de la IIuerga, H 
(By Inittation), W B Bevn, MD,P Steigmann, M D , 

J I Routh, Ph D (By Inautation), and J Budde, M S 
(By Invitation), Iowa City, Iowa 


Electi oplioi etic studies on patients with chrome hvei i- of 

marked elevations of the fibiinogen peak and loivei than expectea e 
gamma globulin To study this phenomenon, we made a jjs 

of sixty-five pans of plasma and seium fiom persons having pjjoretic 

eases, a miscellaneous disease group and a normal group 
studies Aveie supplemented by chemical protein paitition ( " ° i]„„eoiis 
Colin), flocculation, and other hepatic tests in all except a few 


cases 


Chemical analysis did not agree ivith the marked Looted upon 

tioiis in fibiinogen, nor iveie fibrinogen pealts completely omi 
electrophoretic analysis of the seium Total seium gamma ^ gamnio 
than the apparent plasma electi ophoi etic gamma globulin . jjjobilitios, 

globulin appeared electi ophoi etieally as tivo poitions of ,j,^ed fo* 

one migiatmg in the fibiinogen range This latter having n 

difference between the seium and plasma gamma globulin ’^gj-gmiina 
similai mobility to fibimogen, was buried in that peak ^ „ave values 

tions This gammai fi action added to the plasma gamma j It also 

similar to those of seium and chemically determined gamma g and 

accounted for most of the abnormal electrophoretic values uere 

when subti acted from the apparent fibiinogen, chemical ,? gamnia free 
approached Tins gamma fraction is apparently identical to it formed 
tion found by Deiitch in normal individuals In our noima g 
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approMinately 2 4 per cent of total serum piotem and 16 1 per cent of total 
gamma globulin In acute hepatitis it was soinenhat highei than noimal, 
aieragmg 3 9 per cent of total seium pioteiii and 16 7 per cent of total gamma 
globulin In obstiuetive jaundice it ivis 41 pei cent and 24 0 pei cent, re 
apeotnelv In cirihosis this gamma globulin fnetioii aieraged 7 0 per cent 
of total serum piotein and 22 7 pei cent of total gamma globulin Thus in 
ehionie livei disease in addition to a total gamma gloLiilin ineiease theio is a 
disproportionate luciease in the gamma, fi action Tifteen cases of rheumatoid 
ami one multiple myeloma shoued capccted total gamma globulin inei eases 
but little change in the gamma, fi action The seium and plasma coneentra 
tioiis of albumin, alpha and beta globulins iv ere essentially similar Although 
plasma electi ophoretic tracings appear to be moie eharaoteristic for chiome 
hi er disease than do those of sei urn, their use in protein pai tition of liver dis 
ease is hmited because their mabilitj to sepaiate components of the elevated 
ftbriiiogen peak gii es false impi essions of elci ated fibrinogen values and lower 
than evpeoted globulin values 


30 INTRA AORTIC BLOOD PRESSURE DURING SURGICAL 
RESECTION WD REPAIR OP COARCTATION 
OP THE AORTA 

JosuH Puller, M D , Bow en E Tavlor M D , 0 Theron CmioETT JI D , 
AND E iRL H Wood, II D Rochester JIinn 

(Introduced bt Howvrd B Burchell MD ) 

A mobile oscillographic camera was used during nine opciations foi coaiota 
tion of the aorta to reeoid eoiitmuous!> the electrocaidiogram heart late respi 
ration, and direct blood pressuio in the right radial aitery The pressure in the 
aorta above and below the strietuie was recorded by direct puiictuie simultaiie 
ouslj with these othei vaiiables befoie and after repair of the coarctation 

Compression of the area of the stiictiue produced no signieant change in 
the piessure in tlie radial artei-> oi m the aoita wheicos compression of the left 
subdaiian artcij in foui patients pioduced an nveiage increase of 18 mm Hg 
m the systolie and pulse piessuies in the ladiai arton and an increase of 17 
am Hg sj-stolic, and 15 mm Hg m pulse picssuie in the aorta above the stiic 
ture In spite of an incieasod pressnic above the strietuie this inaneuvei in the 
three cases studied pioduced an aveiagc dceiease in the pressure in the aoita 
below the strietuie of 7 mm Hg sjstolic and 5 mm Hg, mean 

In eight patients the average time spent openmg the anastomosis was 31 
seconds, and duiiiig tins time the mean pressuie in tlie ladial artery deoieased 
ail average of 11 mra Hg 

Rcpaii of the coarctation in six patients vvas associated with an increase of 
34 mm Hg, sjstohe, and 22 nun Hg pulse piessure, m intia aortic piessuio 
below the stricture 

In seven patients the onset ot the pulse wave in the aorta distal to the stne 
ture before repair was an aveiage of 002 second latei than in the light ladial 
arterj at the wrist, whereas after icscction the onset of the pulse distal to the 
site of stricture preceded that of the vviist by an average of 0 05 second Tins 
was not signieantlj diffeient fiom the value obtained from the aorta above tlie 
site of stiictuie 

Correlation between (1) the piessuies at opeiatiou and (2) picoperative 
and postoperative diieot obseivations of ladnl and femoial aitenal pressuies 
Was not sufficiently close to be evident m this study 
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The dynamic lesponses of the stiam gage manometei systems used weie 
studied by measuiement of then response to squaie wave and vaiiable fiequency 
sine wave piessiiie vaiiations The lesponse to ecpial amplitude piessuie vana 
tions was withui ±8 pei cent of the tiue piessuie change up to 30 cps Highei 
trequencies were leeoided with diminished sensitivity The deflection time was 
0 02 second and the damping coefficient was 0 62 These dynamic characteristics 
aie supeiioi to those of undamped manometeis with lesonant fiequeneies oi 
150 cps 


31 THE EFFECT OF CHOLESTEEOL-FEEE DIET ON SERUM 
CHOLESTEROL OF NOEJdAL AND THIOUEACIL-TEEATED DOGS 

EdwvrdD FutchIII, MD (By Invitation), Shih Yuan Tsai, MD (By 
Invitation), and Raymond Gregory, MD , Galveston, Teaas 

Expel imental studies in dogs mdicate that alteied thyroid function is 
necessaiy foi the pioduetion of atheioscleiosis by cholesteiol feeding In older 
to elucidate the impoitance of dietaiy cholesteiol, the following expeiunent was 
devised 

■Weeldy weight and seium cholesteiol deteiminations weie made on two 
groups of four dogs each Aftei a control peiiod of ten weeks on a commercial 
dog food, both gioups were placed on a diet composed entnely of vegetable 
pioducts Aftei a second control period of eight weelis, blood samples were 
diaivn fiom the hepatic vein and right auricle by means of the catheter teen 
nique Animals in group 2 were then given 1 0 Gm thiouiacil daily The dose 
was increased to 1 5 mg at twenty-five weeks , 

In two dogs of gioup 2, after seium cholesterol had increased to 
highest control value, hepatic vem and light auiiculai blood was analyzed to 
cholesterol , 

In group 1, average serum cholesterol was 210 mg per cent foi one dog an 
130 mg per cent for the lemaming thiee animals This fell to , 

176 mg per cent for Dog 1 and 100 mg per cent for the others The tail 
steady and progressive, lowest levels occurring toward the end of the 

Group 2 showed striking increase in seirmr cholesterol after being gi 
thiouiaeil for ten days The serum cholesterol reached an a\ei age level or - 
mg per cent over a period of eleven weeks This approximately doubled av s 
control values t leiu 

Comparison of mixed venous blood from the right ^ 1 ^®?himiracil 

showed no significant diffeience in cholesterol content before and alter tn 
f C0{iin®* 

It is concluded that (1) the dog can be maintained m good 
cholesterol-free diet, (2) all dogs niarntamed on such a diet bj 

nution of seram cholesterol, (3) elevation of serum cholesterol i^g(,on 

thiouiacd is not dependent on exogenous cholesterol, (I) animals, 

of cholesterol by the liver was not demonstrated in a limited num ei 
(5) the possibility that shift of cholesterol from Amnous organs to 
serum oceuis is being further investigated 
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32 THE RENAL CAPACITY OF NORMAL HYPERTENSIVE AND 
CiVRDIAO FAILURE P VTIPNTS TO EXCRETE SODIUM 

Rumond Qreoort, MD II vrby Lemne M D (B\ Invitition) Doris 
Deppenbrocii, Ad IMS MD (Bi Iniitition) and Vebmie 
Stcmbhidge MD (B\ Imitition) Guiestov Tevis 

Ttie capacity to excrete nn intiaieiioiis dose of 20 Qm of sodium chloride 
per 70 Lilogiams of weight was studied m iioiniil hypeitensue, and cardiac 
failuie patients A salt fice diet and distilled water were given one day before 
Hid for the two days of the expeinnent The sodium content of two horn miue 
spoeimons was detemimed for the Hist twelve houis and foi three additional 
twelve hour peiiods foi \ total of foitv eight honis following the injection of 
sodium chloiido These studies wcic done on eight normal nine hypertensive 
ind eight heait fnilme patients The hjpcitcnsivc patients were studied only 
if venous prcssuio Kidnev conemtiation tests PSP tests and blood non 
protein nitiogon showed no ev idcnee ot leiial failuie 

Maikod iiiipaiiment of the abilitj of the kidnev of cneh patient with cardiac 
failure and sliglitlj less impaiiiiicnt of the kidney of each patient with hypei 
tension to exeroto sodium was observed in even one of tiie penods studied 


33 PRrLIMINAR\ REPORT OF EXPPRIENCBS WITH Rh H VPTEN 

TinoR J GhrEMw vlt M D Milw vukh Wis 

(Introduced b\ Mvurice IIvrdgrove MD ) 

Hapten is the term introduced by Landsteiner to designate that poition of 
the antigen complex which dotcimincs its specific reactivity Sepaiated from 
the protein poition of the antigenic substance the haptcnic fiaetion is incapable 
of calling forth an antibody response when injected into an animal but retains 
its abilitj to loaet with and bind its specific antibody in vitio Wo have at 
tempted to extract the liapteme poition of tlic Rh agglutinogen fioin Rh positive 
red blood colls wath alcohol and cthei using a modification of the procedmes 
described bj Caitor and Piiee This mateinl was assajed m vitro by comple 
mciit fixation, vising the metliod dcsciibcd by Kolinei foi the serodiagnosis of 
syphilis Tlio hapten material obtained was injected into patients with demon 
strablo anti Rh antibodies during pregiinncv 100 to 200 mg of the crude mate 
rial was mjected intiaimiscularly at weel ly inteiwals 

Sixteen of ovu patients have terminated then pic„nancies Five received 
eight or moie injections and eleven less than eight injections Of tho Sre re 
coivmg “adequate ’ thciapj two dclivcied ili negative babies two had maeer 
Med stillborn fetuses at timfj two to tliiitvfour weel^s and one dehveied an 
Rb positivi, infant with demonstiablc antibodies coating its red cells but no clmi 
eal evidences of eijtlnoblastosis fetalis Eleven patients wcie seen too late and 
received onlj 2 to 6 injections of hnptcii Two of these delivered macciated 
stillborn fetuses, one ahoitcd at eleven weeks one infant was ih negative, two 
survived after multiple tiaiisfnsions, two smvived after replacement trans 
fusions and thico showed no clinical oi licmatoiogie involvement although they 
were Rh positive and had positive Coomb’s tests 

Definite conclnsions cannot be diawn from this material The anti Rh 
titers of our patients receiving hapten have tended to remain low In spite of 
this, oiu results have been discouiaging Foi example, one patient delivered a 
macerated fetus durmg the tlmtj fomth week of pregnancy after receiving 
sov enteen injections of hnpteii Her titer had never risen abov e 8 m albumin 
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and was only 2 thiee days befoie deliveiy Anothei patient who had only 
foui hapten injections deliveied a noimal Rli-positive infant even though anti 
bodies could be denionstiated coating its led cells One must almost conclude 
that the hapten theiapy was not the detei mining factoi 

34 CARDIOVASCULAR LESIONS IN RATS SUBJECTED TO GROUP A 
BETA HEAIOLYTIC STREPTOCOCCAL PULMONARY INFECTIONS 

Robert J Glaser, MD (By Invitation), Gustavl J Dawmin, MD , ind 
W B.irri AVood, Jb , M D , St Louis, AIo 

The effect of lepeated pulmonaiy stieptococcal infections in the lat was 
investigated in an attempt to elucidate the natuie of the lelationslup of gioup i 
beta lieniolytie stieptococcal mfeetioiis to iheumatic fevei 

Pueumoiiia was induced in albino lats by mtiabionchial inoculation of 
gioup A beta hemohtic stieptoeoeci employing techniques previously descubea 
Animals neie subjected to fioni one to seven iiifeetions, tivo stiains ot stiepto^ 
COCCI weie used alternately in the animals infected lepeatedlv Begmuiti? 
eighteen horns aftei inoculation, animals weie tieated mth penicillin in aniouii b 
pieiionsly deteimiiied to be adcciiiate toi suceessiul contiol of the infection ^ 
Infections neie pioduced usually at two-week inteivais, animals were sacri 
ticed at the end of given peiiods ioi study The heaits iveie fixed in Aeaxer 
foinialiii, and micioseopic sections weie stained wnth hematoxylin eosm 

Slight to modeiate aiteiitis and peiiaiteiitis of the coioiiaiy and/or in 
caidial arteiies oecuiied in 30 pei cent of the expeiimental animals, iviiei < 
pel cent of the noimal contiols exhibited this change The lesions ohsen 
the expeiimental gioup w'eie moie intense than those in the contiol gioup 
Myocaidial lesions, consisting chiefly of pleomoiphic cellulai 
noted in 52 pei cent of the animals lepeatedly infected , 38 pei cent oi 
tiols had smiilai but less intense lesions , ,, ci,„iaK 

The incidence of endocaidial infiltiatiou by inononucleai cells wa 
mole fiecpient and moie intense in the expeiimental animals than u . 
tiols Cellulai infiltiatiou within the valve substance itself, ''' „(.a did 

with gieater fieciuency in the contiol animals The caidiac lesions o , jjj 
not lesemhle those of iheiiinatie fevei and none of the animals develop , 

Results of this study ha\e demonstiated a significantly mtli 

caidiae aitezial lesions in lats subjected to lepeated pulmonaiw m 
gioup A beta hemolytic stieptococci than in noimal contiol 
stieptococcal infections weie not identified with a highei meiaeii 
vaseiilai changes than weie found in noimal Subjects ,„n,nfestatiou5 

The failuie of the lat to develop more stiiking moiphologie , 
of hj peisensitmty is in keeping w'ltli pievioiis obseivation It ^ to'otlw!’ 
evei, that the expeiimental appioach used in this investigation, ''Tf of the 
animal species, may piove a valuable means of studying the p 
1 elation of stieptococcal infection to iheumatic fevei 

35 OBSERVATIONS OP THE CHARACTER OP PLATELETS STUDI 
WITH A NEAV PHOTOGRAPHIC TECHNIQUE 
P R Hall, M D (By Invitvtion), and Stuyvesint ButbeBj 

Chicago, III ^ 

In pievious lepoits of Butlei, Thomas, and Sanfoid it numte' oi 

patients leceiviug intiavenous histamine theie was no decieas 
platelets, but theie did oceui a slight but definite deciease 
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oJ platelet free plasma, the higher the histamine conceiiti ation the greater the 
decrease It nas also observed In Sanford Butler and Kennedy that the elot 
tmg time of childicn with lietiiopbilia could be greatlj reduced by intravenous 
histamine 

In order to eon elate these obsenations with the disappearance of platelets 
and increased coagulation in shoik we auinuscd that there must be a siniul 
taneous increased prodiietioii and destruction of platelets at these clinical levels 
To studj this theoij vve have given intravenous liistaminc to patients using 
techniques dcseiibed foi coagulation studies but for absolute accuracj, eon 
vemence, and a pcimanent indisputable lecoid we have made serial piiotographs 
every three iniiuites of platelets in solution toi many houis 

Platelets evamined in this mannei can he studied morphologicallj with 
great accuracy and appeal to lemain constant m miniber for a long time and 
after a period of settling aie found to be of a unifoim size and chaiaeteristie 
spindle shape 

Conclusions— (1) Platelets aio a foimed element of the blood (2) Plate 
lets m solution foi many houis in contact with glass do not change their char 
aetei (3) A photogiaphie technique foi the accwiate study of platelets is 
described 


36 THL DIFFERENT! VL DIAGNOSIS OF inTERGEYCEAIIC 
ST VTFS B1 LABOR VTORY JIETHODS 

G Huiwi,jMD (Bt Invutction) i\n L vonIIum 3ID Coluiibus Ohio 

The hvpeiglyeemio state lepresents a symptom and not a disease and can bo 
produced by vaiious etiological factors In twenty tluee patients in whom a dis 
turbaneo of carbohydrate metabolism was suspected the glucose toloianco and the 
msulm glucose toleianco weie studied in conjunction with othei supplementary 
laboratory testa The oitcnal venous diffeience in tlie glucose toleianee test was 
taken as evidence of peiiphciai glucose utilization Since this utilization is 
influenced by insulin a noimal aiteiial venous diffeienee would imply noimal 
insulin effect JDecicased insulin sensitivity was lecognized in the insulin glu 
COSO toleianee test It was taken ss evidence of the presence of extiapancreatio 
factors luflueneiiig the cai bohy di ite metabolism Using these criteria sev en of 
the twenty thieo cases weie iccognized ns having a noimal caibohjdrate metabo 
lism The sisteen patients suffering definitely fioni hypeiglycemia could be 
divided into the following gioups 4 cases of tiue panel oatie deficiency hyper 
glyceniia 3 cases of hy perglv ecniia showing pancicatic defioioney and estrapan 
ereatio factors 4 eases of estrapaiicieatic hy pcigiy cenna and 5 oases of hjper 
gljeemia with insulin and insulin sensitivity The lattei gioup may include the 
nutritional hepatogenous and mild functional hy perglj cemias 

The hypothesis is picscntcd that patients suifeiing from caibohjdrate me 
tabohsiu disturbance may cliange fiom one type to anothei theieby either 
aggravating oi irapiovin„ the hv perglv cemic state Some eonfirniation of the 
foregoing classification was found in the supplemental j laboiatoiy ovidenee and 
the clinical data available Patients iii whom c-stnpancieatio influences weie 
postulated as a faetoi in the hypeiglycemia suffered eithei fiom obesity or from 
otliei demonstiable funetional disoidcis The possibihtv that nonglucose leduc 
mg substances may interfeie with a coneet nilcrpretation of the aiterial venous 
diffeionces is discussed snd ilhistiated with i peitincnt case 
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37 THE EFFECT OF 4-AMINO-PTEEOYLGLUTAlVIIC ACID ON 
THE UEINAEY EXCEETION OF 17-KETOSTEEOIDS AND 
COETICOSTEEOIDS IN ACUTE LEUCEmA 

David G Hanlon, M D (By In\ht4tion), Harold L Mason, Ph D , and 
J M Stickney, MD (By Invitation), Eochester, Minn 

Doiigheity and Higgins, woilang independently, obseived atiophy of the 
thynins, spleen, and lymphoid tissues and h 5 rperplasia of the adienal cortet 
aftei administiation of toxie doses of 4-ammo-pteioylglutaraic acid (Ammo 
pteiin) to lats Adi enaleetomy laigely pi evented the involution of lymphoid 
stinctuies These findings suggested that Anunopteiin exeits its effect, m part 
at least, thioiigh the medium of the adienal coitex and led us to study ad 
lenal function by means of deteiminations of the iiiinaiy exeietion of eoiticos 
teioids and 17-ketosteioids of patients with acute leiieemia who were being 
treated with Aminopteiin 

In a contiol senes of eighteen patients who had imtieated acute leucemia, 
the values foi iiiinaiy excietion of eoitieosteioids weie usually within noinial 
limits foi adults (0 3 to 1 0 mg m twenty-foni houis) , ni one patient the value 
was less than noimal and in tliiee patients slightly inoie than iioimal Low er 
low noimal lalues (0 8 to 5 5 mg in twenty-foui horn's) weie found foi L 
ketosteioids 

Six patients having acute leucemia were treated with 0 5 to 1 0 mg o 
Aminopteim daily, theie vas no evidence of incieased uiinaiy excietion ot 
eoitieosteioids oi 17-ketosteioids In foiii of the si\ patients the output o 
eoitieosteioids in in me was depiessed significantly, and m two of these wui J 
piactieally disappeaied In the lemainmg two of the six patients theie was 
appreciable change fiom the oiiguial values, despite the administiation oi 
total of 23 and 9 mg , lespectively, of Aminopteim , 

Depiession of the uiinaiy excietion of coiticosteroids aftei 
of Ammoptenn may lesult fiom one oi more of tluee possible causes Hi w 
toxic effect of Aminopteim on the adienal coitex mth leduced activity ol 
gland, (2) a toxic effect on the pituitaiy with failuie of its adienocoitico P 
function, and (3) alteied metabolism of coitical hoiniones 

Administration of 25 mg of pituitary adienocoiticotiopic homone 
patient who ivas exeieting subnoimal amounts of eoitieosteioids was to 
no change m the numbei of cii dilating eosinophils and only a 3 per 
111 the latio of iiiic acid to cieatmme, ivhich, accoiding re 

Thorn, would indicate impaiied adienocoitical function tig’ output 

spouse to the adienocoiticotiopic hoimone theie was a marked of 

of eoitieosteioids which showed that the adienal coitex ivas ^uuo 

lespondmg to pitiutaiy adienocoiticotiopic hoimone and tmii of the 

pteim may efoct a depiession of the adienocorticotiopic tun 
pituitaiy 

38 HEMOEEHAGIO DIATHESIS ASSOCIATED WITH 

PLASTIC ACTIVITY AND A CIECULATING ANTICOALUL 

Tin mv INVIT'-TIOS). 

Egbert W Heinle, M D , Austin S Weisberger, uI ^ ^ v 31 1^ 
Paul J Vignos, AI D (By Invitation), and Williaji B Holder , 

(By Invitition), Cleveland, Ohio ^ 

An acquired hemoiihagic disease occniimg m a the pr^ 

normal pregnancy and characterized by a prolonged coaguia ^ 
ence of a circulating anticoagulant, and an apparent deficiency 
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has been studied over a peiiod of sj\ lears The hemogram platelet eomit 
bleeding time clot retraction tourniquet test prothrombin level plasma fibnno 
gen, serum calciiwn plasma vitamin C and plasma pioteins have all been nithin 
normal limits on repeated detcmnnations The administiation of large amounts 
of both fresh whole blood and plasma has not had an\ effect on the piolongcd 
coagulation tune Precipitms against plasma fiactions I and III have not been 
demonstiablc There vtas no change in the dotting time of leealeified plasma 
follovnng centrifugation at high and Ion speeds Titration with piotamuiL 
sulfate revealed no mciease in liepaiin The presence of a circulating anti 
coagulant was demonstrated bv the piolongation of the clotting time of normal 
bloods nheu seiial amounts of the patient s blood neie added The antieoagii 
hnt effect nas also demonstiable in the plasm i Heating at 60° C tor ten min 
utes inactivated the anticoagulant iffcct of the plasma Standing at loom tem 
perature or 4° C for foitv eight hoias had little oi no effect on the anticoagu 
lant Thromboplastin assav of the patient s plasma compaied with normal 
plasma and a standaid preparation of Jlaltme thromboplastin levcaled low levels 
of available thromboplastin Plasma staphvlococcns coagulase activator was 
normal On two oocasions eleetroplioiotie studies levealed the presence of an 
abnonnal fast component of the albumin fraction of the serum -iVdministration 
of a coui’se of nitiogeii niustaid to tbc patient did not alter the cluneal or labora 
tory findings 

The defeet in coagulation in tins patient is the icsult of the piescuce of an 
abnormal oiroulatnig anticoagulant The findings do not differentiate whether 
the mechanism involves (1) antagonism of thiomboplastin (2) antagonism of a 
precuisor of thromboplastin oi (3) an anticiizynie antagonistic to a platelet 
enzyme neeessaiy foi tlio coiiveistoii of thiomboplastin precnrsoi to thrombo 
plastm The end result howevci is a dcficieiicv of tliromboplastio activity in 
the blood which produces hemophilic tvTJc of bleeding in the patient 


39 CONTROL OF IIFART R VTE WITH AN INTRACARDIAO 
TIICRJIODE 

HebvunK Hellekstein MD and Ikmng M Lifdow JID CurvELAND Ohio 
{Introduced dv H vkold Pen, M D ) 

Classical expennients of AlcWilliam Flack and otheis have shown that the 
rhythmieitj of the S A node can he altered bv thcnnal changes m eveiscd and 
perfused hearts and in the exposed hcait We have devised a special theiniode 
which can bo placed in the region of the S V node bv venous (jugulai brachial) 
catheteiizatioii of the intact experimental animal 

The thermodo consists essentialh of a 4 x 30 mm coppei U tube attached to 
the cardiac end of a double lumen catheter The thermodo temperature is legu 
lated bj perfusing watei of various tempeiaturcs (4 to 60° C ) through tins 
closed system In five Nenibntalized intact dogs changes m lioait late and in 
the form of the electiocaidiogi am weie dctciimncd in continuous tracings 
recoided before dmnit, and after theimal changes In over 100 experiments 
it was possible to vary the late it will siniilai to experiments on exposed hearts 
The most pionouiiecd effects oecnircd when the themiode was located at 
the junction of the SVC and light atrium in the icgioii of the S A node There 
■"as a latent peiiod of two to twenty five seconds Changes in rate weic con 
^(lered to be due to alteiation of the tcmperatuic of the legion of the S A node 
Cold poifusioti caused the sums late to deeieasc fiom the control level of 120 to 
140 to 90 to SO pel minute When the S A node region was cooled excessively, 
the pacemaker shifted to the AV node, with a rate varying from 57 to 86 per 
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minute Hot peifusion mci eased the sinus late to a maximum of 200 to 232 per 
minute at 45 to 55° 0 The aeceleiation pioduced by heating was relativelj 
gieatei and persisted longei than the slowing pioduced by cooling 

Marked changes in rate occurred wuthout T-wave alteration However, m 
some expeimients, wdien perfusion was rapid there were T-wave changes which 
indicated that there had been sufficient temper atuie change of the blood passing 
the theimode to alter the rate of lepolai matron of the subendocardial lamina 
Thus, in accordance with our previous observations, cold peifusion pioduced 
large negative T waves in cantaiy leads and tall positive T waves in extra 
cavitary leads, heatmg pioduced opposite changes 

The intiacaidiac theimode may prove valuable expeiimentallv and tliera 
peutically 


40 THE EFFECT OF EUTIN ON THE HEMOKRHAGIC PHENOMENf 
OF EXPERIMENTAL MALIGNANT HYPERTENSION IN THE DOG 

H K Hellerstein, MD (By Invitation), .vnd J L Orbison, MD (Bi 
Invitation), Cleveland, Ohio, and S Rodbard, MD (By Invitation), 

M WiLBURNE, MD (By Inahtation), AND L N Katz, MD, 

Chicago, III 

A striking feature of the malignant phase of experimental Goklblatt hvpei 
tension is the occurrence of diftuse hemorrhages The cause of these lieinoriliaD 
is unloiowm, usually being attributed to degeneration and necrosis of aiteii a 
and capillaries 

In view of the contradictory reports concerning the effects of rutin in 
dueiiig capillary fragility and henioiihage in the malignant phase ot .r 
Sion in mau, the foillowniig study was undertaken Acute Bypei tension ^ 
uremia was pioduced by complete bilateral ligation of the ® 

sixteen dogs Rutin was administered subcutaneously, 200 mg per ouv, ‘ 
cated in Table I 


Table I 






NUMBEP OF 

RUTIX 

— . y 

RECEIVED _ 

1 IIEMORKIUGIO 

I lesions , 

5 

0 

0 

Severe 

Severe 

2 

0 

Daily 

Severe 

4 

5 

3 days 

10 days 

Daily 

Daily 

None 


iT. in 

All the animals developed clinical uremia and hypertension, w 

three to six days The tissues were studied as unknoivns cieas uruiary 

Severe hemorrhages in the gastiointestmal tract, heart, ^“Vj^amniation 
bladder, diaphragm, spleen, and adrenals, together with animals pra 

and necrosis, were seen in the first three groups By ‘^°^^’'^®%,„nivopath 3 " and 
treated wrth rutur for ten dajs showed complete absence of ^ qI themaw 

of the hemorrhagic changes As a result of the complete obstiu an 

renal arteries, coagulation necrosis of the renal cortex ^^^t "i 
unexpected sparing of the coiticomedullaiy junction, ivas noted 

These expeimrents demonstrate that the hemorihages ^^gatment ivitn 
experimental malignant hypertension xveie prevented by P ug due to a 
rutin for ten daj'S prior to operation This and of 

stabilizmg effect of rutin on the ground substance of the talent did not 

pericapillaiy sheath The fact that a shorter period mtm deficien 

provide protection suggests that aU our animals were lela y 
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and that saturation required moie than thice dats of pietreatmeiit The con 
tradictorj repot ts on the eifett of luUn in malignant livpeiten.sion in man may 
also depend upon the leiativi, lutm deficiencies m the patients studied These 
expermients call attention to the possibibtj that the several dietary legimens 
now bemg used m the treatment of ht pet tension may be defleient m rutin and 
possibly other metabolites 


41 A CLINIC VL Et. ALUATION OP THE BLOOD 
"SLUDGE PHENOMENON 

Johns Hirschdoeck MD \nd M tto Woo AID (By iNvirtTioN) 
Milwvukee Wts 

The bulbar conjunctival capillaries of a variety of medical patients uero 
obsened viith the capillaiv microscope Erjthrocjte sedimentation rates 
erythrocjto counts, and serum protein dcfctminitions wcie made withm a few 
days before or aftei the obsertafton of the eiieulation in the eapillaiics Jlore 
than 1,200 obsei cations were made 

In general, the degiee of sludging was diicetlj pioportiona] to the sedi 
mentation rate ' Sludging was obseived m a wide variety of pathologic con 
ditions Patients with hjqiorglohulincmia usually had an increased sedimenta 
tion rate and well developed sludge” Anemia usuallv caused an incicase 
ni "sludging ’ and sedimentitiou nhercas enthiocytosis (polvcythemia vera or 
congenital heart disease) at t ays pioduced an opposite effect 

A discrepancy hetneen the degree of sludging’ and the sedimentation rate 
Occurred in 17 G per cent of tlio 619 cases studied In 5 5 per tent of the eases 
mere uas a minimal degree ot ‘ sludging with a rapid sedimentation rate 
Pnennioma was the most fiequent diagnosis in this group In 12 1 per cent of 
the cases well dot eloped sludging with a slow sedimentation rate occurred 
Heart failure and hepatic eiictiosis iicie the most frequent diagnoses in this 
group Weil detelopcd sludging' in the absence of a rapid sedimentation rate 
IS probably the lesult of stasis in the eapillaiics 

These observations indicate that blood sedimentation and blood “sludging" 
have a common cause which according to Fahneus and others is increased 
rouleaus, aggregation 


42 FURTHEK EXPERIENCES IN THE MANAGEMENT OE LOATEB 
NEPHRON NEPHROSIS 

Williams Hoffmvn MD Vnrntm Bernstein MD (By Imutvtion), 
Lionel Bernstein, M D (Bi Inutvtion), lnd Philip B O'Neill AID 
(By iNtrrmoN) Cmcvoo III 

Lowei nephron nepliiosis was found to oecui after a variety of shochliKc 
episodes only a few of vhich vveie associated with muscle mjuiy or destiuclion 
of blood cells It was seen in lobar pneumonia acute panel eatitis acute enteritis 
and diabetic coma The condition was at tunes difficult to distinguisli fiom other 
diseases producing oliguiia and hematuna, sueh as acute glomerulonephritis, 
and bilateial papillaiy necrosis Factors producing rapid dehydiation and so 
dium loss, which oidinarily lead to so called evtrarcnal azotemia and winch 
respond to fluid and salt administration could ui nioic fiilminatuig episodes 
ptudueo tine lower nephron ncphiosis The ultimate clinical diagnosis in the 
patients who suivived rested on the finding of severe oliguria horn five to tiir 
teen days unresponsive to management, with spontaneous and progressively 
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mcl easing dimesis, and with pooi lenal function even after subsidence of 
blood iiitiogen levels, winch function slowly but ultimately letuined to normal 
The oiiginal illness which biought on the lowei nephron nephiosis was mi 
poitant in the prognosis If infection oi tiaunia peisisted throughout the period 
of olmuiia, tissue bieakdovni was excessive and blood mtiogen levels lose pre 
cipitously ’ These patients died in uiemia and lieait failuie undei conditions m 
which pieviouslv well peisons might easily survive All five deaths in our 
senes of eighteen patients oecuiied with such complications iUi patienh 
whose oliguiia was associated with self-hmitmg oi contiollable conditions, ike 
that of hemoiihage, tiansfusion leaction, oi contiollable infection, survived 
We continue to advocate only conservative management in these cases M 
the first SIX cases, successful lesistance to the ravages of uremia was achieve J 
slow induction of edema of nearly noimal electrolyte composition in tne 
latei eases, the same results weie accomplished by laisiiig sodium leve ^ , 

mal by intiavenous injections of small quantities of 3 per cent sodium 
and by oial sodium bieaibonate Thus edema was kept at a minimum 
tmue to allow a soft diet ad libitum and believe the slight inimM 

nonpiotem nitrogen concentration and edema thereby 
than the weakness, thirst, and anxiety produced by water ^ „ gg gf 

advocated by others Watchful symptomatic tieatment of ti a 
uremia still remains an impoitant factor nr successful managemen 


43 TURBIDBIETRIC DETERMINATION OP GAiBIA 

GLOBULINS AS CHECKED BY ELECTROPHORETIC ANAL 

J DE LA Huerga, hi D (By Inyitation), and H^vns Popper, M B , 

A.ND Murray Franiclin, M D (By Inyitition), low v City, 

Recently a simple method for tuibidimetnc estimation ^ of 

lins was described by Huerga and Popper It follows ^ foim> 

the thymol turbidity test and is based on lecoidiiig of a p i smiulat 

if senim is diluted with an ammonium sulfate-sodnmi i „„ by Wolfson 

mg the chemical deteimination and partition of gamma g ^ identical 

Cohn, and others The results of the tuibidimetnc metho .„,yyaiable lesults 
wnth this chemical method The latter is supposed to ^be tuibidi 

with electi ophoi etic partition Nevertheless, the ^ , results of electio 

metric readings for gamma globulins were compared , included noinial 

phoietic partition in 163 blood specimens of 134 cases and niiscd 

subjects, patients with various liver diseases, niult^ie j i pt^yeen the lesuns 
laneous disorders In 58 1 per cent of the cases the uyiyuetnc m 

of the electrophoretic deter mmation m plasma and tne ,jbg jesulw 

was less than 15 per cent, ui 71 5 per cent, less than -U P „jyg moieth^ 
were not comparable at all in only 3 7 per cent of the cns , electiophoid^ 
50 pel cent The mean difference between the tuibidime , , giving slight ' 
method nr per cent wms 17 0 ± 15 3, the decti ophoi etic ^g^jyjaation 

higher values on the average In thrrty-seven cases m w i The di 

were performed nr serum, the iirearr difference wms 13 o - under 

terenees were not more marked in pathologic coiicli lo ^ yg globulin 
circumstances This comparison indicates that the simp ® jyjya ''f.j 
bidity test niav replace the electrophoretic determination » jjeii i ■ 

clinical use The results of the gamma gl^obulin tin ma y y bepatic 

■with those of the zinc sultate tuibidity test of Kunke ’ ? g^tiahepatie ga 

orders, since the latter iiiav appear depressed in low rati® oe 

tive jaundice This depression indicated bv an „ have diagi'O^*' 
zinc sulfate and gamma globulin turbidity may there 
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mficance Tlie noimal gamma globulin tnrbiditi -s lines range between 0 60 and 
125 Gm per 100 ml of seium Anj elevation aboie this lei el is significant 
The gamma globulin tuibiditv lalucs arc markedlj delated in liier disorders 
especially in cirrhosis and viral hepatitis and also in iheiunatic diseases, several 
forms of chrome tuberculosis, collagen diseases, eliromc slim diseasis and 
other cliiomc infections Compi ehension of the exact diagnostic lalue of eleva 
tion of the gamma globulin turbiditi in the lattei conditions leqiiiies additional 
investigation 


44 iVN UNUSUAL CLINICAL PICTURE RESEMBLING PROLONGED 
SERUM SICKNESS “THOI GUT TO BE CAUSED BY TRICHINOSIS” 

Johns Hunt MD,Nei\ Ohifins Li 

A joung Negro iaboier pieiioiish iiell except foi nonseasonal attacks ot 
asthma since childhood was hospit-ilized lutb an illness of one month’s duration, 
characterized by an abrupt onset of feicr migratory arthritis, and seiere pain 
and tenderness in the leg muscles He bad receiied no sciuni or drugs piior to 
this illness When iii'st seen the muscle pain had largclj subsided, but he had 
persistent fever and arthritis and pbisical examination levealed, m addition 
pronounced enlargement of sulicutaneous lymph nodes There was no rash or 
demonstrable edema The clmical picture suggestive of seuini sickness i\as sup 
poited by laboratory obseiiatious of niaikcd Icucocvtosis eosmophilia of 4 to 8 
per cent, marked elevation of serum gamma globulin as evidenced by the zinc 
sulfate turbidity tost, and the piesence of scium hotorophilo agglutinins of the 
Porsaman type in rising titer Lvmpli node biopsj m the fifth week of illness 
shoned marked hyperplasia and muscle biopsy in the sixth week revealed no 
tnehmae or artentis Thcie was a strongly positive immediate reaction to 
dilute tnehma antigen injected intraderniallv An eleotiocardiograpli showed 
changes in T waves and QRS complexes suggestive of myocardial disease Fever, 
leaeocvtosis, and joint pains slovvlv subsided over a six week penod and there 
was a gradual decrease in the size of the Iv niph nodes Pv nbenzamine treatment 
duniig the stage of acute illness resulted ui a slight decrease m fever and a 
definite improvement m the arthritis pain, and objective joint changes deereas 
mg promptly and recurring explosively on two occasions after withdrawal of 
the drug 

On re examination, eight months after the onset of the illness he was asvmp 
toniatie and showed on examination nothing abnormal except for palpable 
lymph nodes of much smallei size The leucocyte count was noimal, but with 
4 to 5 per cent eosmophiles Heteropbilc agglutinins had disappeared fixim the 
serum The eleotiocardiogiaph now showed a P R interval of 0 22 second 

Tnehinosis is suggested as the probable cause of this illness on the basis of 
the muscle pain and tenderness at its onset the stiongly positive mtradermal 
test with tnchina antigen the persistent eosmophilia and the electrocardio 
graphic abnormalities This suggests the possibility that on occasion the clini 
eal picture of tiichmosis mav be chiefly one of hypeisensitivity to the tnehma 
antigen In this comieetion the report of Rcimann Puce and Herbut on the 
association of tnchmosis with lesions of periaitcntis nodosa is of mteixst 
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45 FLUID AND ELBCTEOLYTB BjUjANCB IN THB MANAGEMENT OF 
ACUTE RENAL INSUFFICIENCY 

Lloyd T Iseri, MD (By Invitation), Albert J Boyle, PhD, MD (By 
Invitation ), Thojlys M Batchelor, MD (By ImaTATioN), Samuel D 
Jacobson, jM D , and Gordon B Myers, jM D , Detroit, Mich 

Studies of Na, K, Cl, N, and watei balance iveie earned out foi peiiods of 
foui to sixteen days in foui patients ivitli seA'eie acute lenal insufficiency due to 
lowei nepliion nepliiosis, studies of sodium and Avatei balance weie continued 
foi longei peiiods in these patients and in six additional ones Calculations of 
extiacellulai-intiaeellulai paitition of Avatei, sodium, and potassium weie made 
111 the foui patients accoiding to the method ot Daiiou 

Maiked faU in plasma sodium was encoiinteied dining the oliguiic phase 
as well as dining the diuietie phase The diop dining the oliginic phase ivas 
due paitly to dilution in extiacellulai fluid and paitly to intiacellulai nngiation 
The diop dining the diiiietie phase nas tiaceable to the inability of the damaged 
kidnev to letaiu sodium Spontaneous lesiimption of capacity to consene so 
diimi tended to occui about flve to seven days aftei the onset of diuiesis The 
unpoitance of following plasma sodium lei'els and using these as a guide m the 
tieatment ivill be stiessed Anothoi eaidinal featuie m the tieatinent, 
the daily calculation of fluid balance and utilization of this as an Hides to nuio 
intake, will also be bi ought out . 

The plasma potassium did not use to toxic levels in any of our cases u 
one patient who went thiough ten days of extieme oliguiia following ciieulatoiv 
collapse due to diabetic coma, the plasma potassium lemamed below toxuc leve^ 
as a result of intiacellulai uptake of potassium which was released iiom e 
dogenous piotein catabolism Impairment in capacity to conseive 
was demonstiated dining the diiuctic phase and in some cases necessitatea a 
ministiation of supplementaiy potassium chloride to combat hypopotasseniia 


46 THE EFFECT OF X-IRRADIATION ON iiNTIBODY FOEMATION 

L 0 Jacobson, MD , jM E Robson, B S (By Invitation), E E 

Inautation), AND M C Goldaian, B S (By Invitation), Chicago, ll 

Hektoen, in 1915, first demonstiated that total body to 

mental animals to ionizing radiation suppressed the usual aiitibo ^ 
antigens injected shoitly before oi shoitly aftei ixiadiation Be 
vations led him to ascribe this suppiession to the destructive elte 
on the lymphatic tissue , j tlie rabbit 

This eommunieation lelates an attempt to study the capaei y 
to fonn antibodies during a period in rvluch aU lymphatic 
with the exception of the spleen oi appendix, is essentially , (250 hi' ) 

Young adult rabbits weie given 800 i total body ggjjs (1 cc of 

twenty-four hours prior to intiavenous immiuiization obtaw^ 

a 2 per cent suspension) Hemolysin titeis were deteinrinea , gjght da}» 
before immunization and at seven, fourteen, twenty-one and „g^ no do®®*' 
after wmid Animals thus ii radiated and immunized either deve i jgnion 
stiable hemolysin titei or developed titers of 1 to SO or 1 to 40 "" gfj^el), 
stiated on the tw'enty-fiist day and the trveiity eighth day, le i^^^o nere pro- 
inmrunization In the noimal aiimial hemolysin titeis ° of theantigdij 
duced by the fourteenth daj' aftei the intiavenous Kahbks gi'Oii 

diminishing to titeis of circa 1 to 160 by the tw-enty eighth Icadpr®" 

800 1 totM body x-ii radiation exclusive ot the surgically n 
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tested spleen or appendix piodiiee antibodies to this antigen in a wanner coin 
parable to normal nomriadiated control animals cNcept that the maNimnm titei 
of 1 to 5120 IS usuallj reached on the tnentj fii'st day rather than on the font 
teenth Surgical mobilization of the spleen oi appendix was performed nhile 
the ammais were tinder Nembutal anesthesia In the eNperimcnts intolvmg 
spleen protection, the spleen was drawn through a left upper qnadiant ineision 
and placed in a lead box one fouith inch thick with an opening foi the pedicle 
onh, during the period of iriadmtion In the experiments involving appendix 
protection, the method was similar except that the appendix was drawn through 
a right lower quadiant mcision and a cjlinchieal lead shield open at one end 
was used 

These expenments corioboiate Hektoen s original classic findings that anti 
bodj formation is suppressed by total body x iiradation In addition it has 
been demonstrated that if the spleen oi appendix of the rabbit is pioteeted bj 
lead shieldmg during irradiation of the balance of the bodj the eapacit> to pro 
duco antibodies to an injected particulate antigen m an essentiallj normal man 
nei 13 retained, even though hinphatic tissue elsewheic m the bodj is laigeh 
deatroj cd 


41 KBNiVL ikND EXTRkREN.kL DISPOSAL OP CHORIONIC 

GONADOTROPIN IN THE IMMEDIATC POST PARTEM PERIOD 

CarpE Johnson, MD (Bv Ixvitition) A Albert PhD MD and 
Robert B Wilson MD (By Inyitvtion) Rochester Minn 

The fate of ciionouic ^onadotiopm m the human being has not been well 
established Not moie than 20 per cent of choiiomc gonadotropin administered 
parenteiaily to men appeared m the unne • SimiJai exiieriments in nonpieg 
nant women indicated occasionally much laigei unnaiy recoiories leading to 
the view that relativelj little destruction or utilization of the hormone oceuiied 
m the body t The foregoing results howeier aie not nccessaniy applicable 
to the fate of the hormone dunng pregnancy 

We have studied the renal and cxtrarcnal disposal of chononic gonadotiopm 
m fifteen pregnant women Starting immediatelj ou placental delivery samples 
of venous blood were taken at thiee hour intervals foi two oi more days Urme 
was similarly collected b> an indwelling eathetci foi thiee oi more dajs Bio 
assay of the senim and urme foi choiiouic gonadotropin was performed by 
Mbert s method t The total circulating honnone was estimated at zero time 
(immediately after the deliveij of the placenta) bj multiplj mg the determined 
concentration of hormone pel milliliter of serum bj the estimated serum volume 
Tho total amount of honnone appearing in the uime was obtamed by addition 
of the determined values for all samples 

The mean total eireulatiiig honnone foi the fifteen patients was 36 245 I U 
Tho mean urinai'j excretion was 2105 I U Thus a mean of 5 8 pel cent of 
the active ciiculatmg hormone was excictcd m the mine 94 2 per cent of it 
"as disposed of extrarenallj , piesnmablj hj endogenous inactivation or destruo 
tiou 

This conclusion was furthei borne out by analysis of the blood and urme 
curves following placental delivery and by calculations involving the lenal 
cleaiance of the hormone In the immediate post partum period the renal clear 
aiice w as 047 ml pei mmute At this rate the serum would be entirely cleared 

Friedman and 'Welnateln Endocflnolog> X 48S ISS" 

T,„, tBradhury and Brown J Clin Bndocrlnol 8 KO" 391S Llojd and co workers J Clin 

fcndocrlTioL 0: 68 1949 

tJ Clin BadocrinoJ St 019 3«8 
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of hoimone in 106 houis, oi cleaied to the extinction point of the bio assay iii 
89 honis The blood disappeaianee cuives have a mean half-life of 3 4 horn’s, 
01 a time foi extinction of 9 3 horns, winch is giossly incompatible with the 
time (89 houis) that would be lequiied for leaching the extmetioii point if 
the lemovdl of the hoimone fiom the blood depended entiiely on lenal excietion 
Thus a majoi loiite of disposal of the hoimone othei than lenal excietion of 
the active hoimone is piesent 


48 THE MEASUEEJilENT OP THE PERIPHERAL CIRCULATION 

A Quantitative Study 

Carl A Johnson, MD, Chicago, III 

To date, the clinical iiieasuiement of the peiipheial ciiciilation is made bj 
indiiect means only The instiumental methods most commonly used aie skin 
tempeiatuie studies, oscillometiy, plethysmogiaphy, photelometi 3 ^ x-ray visual 
ization of the blood vessels, and the use of isotopes 

It IS not the purpose of the piesent paiiei to evaluate oi discuss the relative 
merits of the various methods but to piesent a brief report on the results of the 
measuiement of the peiipheial eiieulation by a new method and to discuss the 
various components of the peiipheial records such as amplitude, crest times, 
diaciotic notch, and the eential pulse as i elated to the penpheial pulse 

Slides will be shorni illustiating the quantitative measuiement of the pul- 
satile peiipheial eiieulation in patients with such diseases as hypertensive lieait 
disease, organic occlusive aiteiial disease, caidiac airytlinnas, and organic 
valvular disease A feiv studies on the effects of smoking in sensitive subjects 
will be presented i i 

A special adaptor, for the lantern slide projector, has been made foi aemo 
stiation purposes By this means it is possible to project on the screen ti 
ciieulatoiy changes from any location in the extremities Dining the coin 
of the discussion the ciiculatoiy changes from a normal subject will be s ow , 
illiistiatmg the speed and ease with which quantitatively' calibrated lecoios Ct 
be made 


49 COOMBS TITER VARIATIONS IN ACQUIRED 
HEMOLYTIC ANEMIA 

William S Jordan, Jr , M D (By Invitation), axd 
John H Dingle, M D , Cleveland, Ohio 

The eij'thiocj'tes from seven of ten patients with acquired Coombs 

have shoivn agglutmability with antihuman serum rabbit serum { , 

test) Of the three instances of hemolytic anemia ivith negative jjjp-^ema, 
one was a severe but transient episode complicating pneumonia ..ofaniih 
one had persisted intermittently for six years in an mdividua r oneoceuiied 
history of jaundice and a normal eiythiocyte osmotic fragility, a 
as the teimmal episode in a patient with Hodgkin’s disease , 

Two patients with Hodgkin's disease, one with cc^icinomato ^ positive 
pernicious anemia, experienced hemolj'tic episodes associatea (jjlutioiis 

Coombs test Agglutination of then erythrocytes occurred ^ episode 

of rabbit seram and decreased or disappeared rvith the teimina i rent 

Because commercially available antiglobului serum failed to ^ j-gg, tes fio*'* 
tions the specificity of the local serum was checked agains J one 

sixty patients obtauied as random samples from the biooc 
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sample erj tl^roc^ teg from a femnle patient liospitalized for transfusion foi 
anemia gaie a similar Ion tjtei leaction EntJirocites flora fifteen aiienuc 
patients nith caicinomatosis Hodgltm s disease multiple myeloma leucemia 
Gaucher a disease hypeiNplenism and peimcious anemia all without evidence 
of heiiiolj SIS ga\ e negatit e Coombs tests 

In eontnst to the loii titci auslutination obsened in jiaticuts ivith smip 
tomatic hemoljtic anemia eiithrocstes fioin thiee patients with acute idio 
pathie bemoljtio jaundice neie agglutinated In high dilutions of antiglobuhn 
serum The direct Coombs titers peisisted at high levels in two patients sub 
jeeted to splenectonn Tlie patient without demonstrable senim antibody c\ 
pciienced partial icraission the patient with, serum auto and iso agglutinins 
was not benefited A thud patient without splenomegaly lecened nitiogeu 
mustard This did not altei the Coombs litci oi tlie degiee of bemobsis and 
produced a fatal thiomboeitopcnia 

It IS eoneluded that not all patients with acquired hemobtic anemia Inse 
positne Coombs tests and that potent antiglobuhn seium is neeessaiy to obtain 
positive tests m ceitsin otbei cases In those eases with low titei agglutination 
the finding of a positne ( oombs test was coiielated with the piesence of a he 
molytie episode In two patients showing high titer agglutination splenectomj 
did not lowet the asglutmatiou titci of then cnthioeites m antiglobulm serum 
but did lead to a beneficial dcciease in the rnte of entliioejte destnietion in 
one case Additional studs is nocessarv to dctennuio the effect of detectable 
serum agglutinins on the rate ot licinoh sis follow mg splenectonn 


50 CUNICAL rXPERIlNCE t\ ITH \ NLW ANAI GESIC AGENT 

ChSKLES I IlNlvi-UMlN III) RouinT C Hecn me \nd 
IIHiDtRT t\ POHII Ml) MiLW llllvlp AVis 

(iNTRODUttD BV I AV AllDlSON AID) 

Clinical tiial of a new analgesic 3 Indrosi N metlnl moipliman In dro 
biomide (NU 2206) has been earned out Of tlurtvfise patients studied 
eleien bad advanced malignaiici nine wcic postoperative and the lemaining 
fifteen had pain fiom a vanetj of causes including renal coli" lupus erythema 
tosig penpheial vascular disease iheuinatoid aitbiitis fiaeture mjocaidial in 
faretion, and congestive heait failuie B\pcrieiice thus fai indicates that the 
drug ha.s approNimatelv throe times the analgesic potency of raorpliine In 
seven patients relief of pam was infciioi to that obtained when eompsiable 
dosage of other analgesics was used Nausea and veitigo were encomitcied 
though les.s commonly than w ith iiioi plnnc Dilaudid or Pantopon AVhcii used 
over a long period of time toleiance developed and the dosage had to be in 
creased Buphoiia was noted in only foui patients One patient with advanced 
penpheial vaseulat disease leeeivcd fouiteen doses of 3 mg and twenty si\ 
doses of 5 in„ over a period of siNteen days Following amputation on the 
siNtcenth day pam ceased and the drag was stopped without withdrawal symp 
toms The most sinking lesults were obtained m the gioup with advanced 
carcinoma where in many mstaiiccs pain could be completely abolished without 
appreciable sedation oi lespiratoiv depression even when as large a dose as 
20 mg was given 

No mayoi toxic effects hav e thus far been observed 



1616 


CENTRAL SOCIETY FOR CLINICAL RESEARCH 


51 THE EFFECTS OF COLD ON MAN SPECULATIONS ON DISEASES 
OF COLD TEMPERATE CLB'IATES, NUTRITION, AND 
THE PITUITARY-ADRENAL AXIS 

Robert M Kark, D C H , Robert E Johnson, M D (By Invitation), 
Chauncey G Bly, MD (By Invitation), and C Frank Consolazio 
(By Invitation), Chicago, III 

Investigations on healthy young men exposed to the cold have uneoveied 
adaptative changes "which might piovide elnes foi undeistandmg the genesis of 
some diseases most prevalent in cold tempeiate climates For example, it has 
been established foi tioops in the field that the voluntary caloric consiimptom 
IS gieatei the coldei the climate Among men tiavehng m extreme cold there 
are, on occasion, alteiations in water metabolism and electrolyte balance, ciea- 
tinuiia, retention of aseoibic acid, and other changes reminiscent of those 
obseived m injury and other stress Recently, metabolic changes weie obseived 
in thirty-two heat-acelimatized men abruptly exposed to a cold climate (mean 
temperature, -26° F ) for twelve days The results were similar m many 
respects to those in man after injection of adienocorticotiophac hoimone and 
to the “general adaptation syndrome" of animals during stress Statistically 
significant responses during the first day mcluded hypothermia, diuiesis, 
hemoconcentiation, eosmophilopenia and lymphopenia, ueutiophil leucocytosis 
with increase m the percentage of young cells, hyperuricemia, hypeiphos 
phatemia, and hyperkalemia, hyponatremia and hypochloiemia, transient le 
tention of sodium and chloride, and dimmution of ascorbic acid m the bDod 
Most of these changes reverted to normal after two days of exposure Hov^ 
ever, in the last six days of exposure there were an increase m kidney and 
adrenocortical activity, a test dose of water being excreted rapidly at very low 
specific gra'vity, continued eosmophilopenia and lymphopema, and continued 
hyperuricemia and hyperphosphatemia 

Mills and others have shown that diabetes, hypeithyioidism, penucioi^ 
anemia, Addison’s disease, and leueeniia are most prevalent in cold tempeiate 
climates, especially so m populations exposed to wide seasonal and diurnal vaiia 
tions in temperature There are other ehronic disorders such as muitip e 
sclerosis, the rheumatic diseases, and certain cardiovascular diseases which hav 
a geographic distiibution similar to that of the five diseases just mention 
In man, acute exposure to cold has been said to precipitate pneumonia, nepUii , 
and attacks of gout , . j 

We accept the concept that climatic or en"viionmental 
to the genesis of certain disease processes in man We would alter the JT , 
esis of MiUs and others that the development of many diseases is 
related to the metabolic load imposed by stmrulatmg climates to the hypo 
that exposure to cold stimulates the pitmtaiy-adienal axis There 
occur pathologic changes, some of which have already been detected in 
of the “general adaptation syndrome ’’ 
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52 PATHOLO&IC AND ELECTKOCAEDIOGKAPHIC STUDY 
OP THE AURICLES 

Joseph lOwFM iN, M D (By Invitvtion) and Ralph C Scott, MD 
(By Invitation), Cincinnati, Ohio 

(Introduced by Johnson McGuire, M D ) 

By cuirent stTiidards, auriealar disease is said to exist whea the P wave in 
any of the standai d leads exceeds 12 second m dui ation, oi 3 mm in height 
The validity of these criteria n ere stiidied as follous 

1 Two bundled eleetioeardiogiams on normal subjeets ranging from 
birth to 20 years ol age weie examined None of the 200 electrocardiograms 
exceeded the accepted criteiia for auricular damage 

2 One hundred electrocardiograms m which the P wave measurements ex 
cceded the limits mentioned were chosen by landom selection They were 
classified according to the elmieal diagnoses Abnormal P waves weie found 
in 5 cases of myoeaidial infarction 28 cases of hypertensive arterioselerotie 
heart disease, 19 cases of rheumatic heai t disease 4 cases of congenital heart 
disease, 9 cases of cor pulmonale and m 35 cases comprising a miscellaneous 
group (benben heart disease thyrotoxic heart disease, etc ) Broad P waves 
were recorded thiee times as fiequently as tall P waves 

3 Necropsy fiudmgs in 122 unseleeted eases of heait disease were cor 
related with the P wave in the electrocardiogram Theic were 42 cases of 
ni>oeardial infarction, 28 cases of hypertensive artenosclerotie heart disense 
25 oases of congenital heart disease 15 cases of rheumatic heart disease, and 
12 cases of cor pulmonale Pathologic abnormalities of the auricles w ere found 
m 58 eases and consisted of dilatation hypertrophy, intra auricular throm 
boses, endocardial thickening, or combinations thereof Pvvave abnormalities 
were present m 28, or 49 per cent, of these cases AVhere electrocardiographic 
and pathologic findings co existed there was no correlation between the type 
of P wave abnormality and the particulai pathologic change recorded Elec 
trocardiographie evidence of auricular abnormalities was present in 42 oases 
of the entire autopsied series In 14 mstanees of these 42 cases or 33 per cent, 
pathologic confirmation was absent There were 50 cases in the senes of 122 
m which neither pathologic nor electrocardiognphic evidence of auneiilai 
abnormalities was demonstrable 

It was concluded that (1) abnormal P wave changes may occur in the 
absence of gioss pathologic changes in the auricles, (2) normal P waves may 
exist in the presence of gross pathologic changes m the auncles, (3) no eor 
relation existed between the auricular chamber involved and the partiouHr 
lead m which P wave abnoimahties weie found 


53 THE PRESENCE OP A PHOSPHATASE IN THE HUMAN 
AORTIC WALL 

Esben Kirk, M D , and E Pbaetorius, M D (Bv Invttvtion), St Louis, Mo 

The failure to demonstrate a phosphatase in the human artenal wall has 
been a subject of significance in the dismission of the pathogenesis of artenal 
calcification Since previous investigations appear to have been performed 
cnl} at alkaline reactions, a study was undertaken cov ering a wider pH range 
After removal of the adventitia and the exteinal part of the media from 
human aortas obtained at autopsv, the remaining part of the tissue was ground 
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finely 'with watei in a Pyiex gi index and the samples weie centnfuged Foi 
study ot the enzymatic activity poitions of the supernatant solution weie added 
to citiic acid sodimn hydioxide and Veional sodium caibonate huffeis, coveiing 
the pH lange 3 1 to 10 1 Disodium phenyl phosphate was used as a substiate 
Duplicate sanij)les, contiols, and blanks weie inn at each pH level exammed 
The leaetion was stopped by the addition of tiichloioacetic acid and the 
phenol content of the filtiates detei mined by Polin and Cioealteus’s method 
The enzymatic activity was estimated by subti acting the coloi of the contiols 
fi om that of the samples 

The studies showed a significant phosphatase activity mth a maximum at 
pH 5 7 to 5 8 At this optimal pH level a fan piopoitionahty was observed 
lietween the amount of supernatant fluid used and the phosphatase activity 
and between the leaetion time and the enzyme activity 

54 THE DIAGNOSTIC VALUE OF HIGH PEECORDIAL LEADS 

How VRD A Klein, M D (By Invitation) , and Gordon B jMyers, M D , 

Detroit, jMich 

High pieeoidial leads taken at the intei sections of veitical fines thiough 
the V3, Vj, Vs, and Ve positions with a hoiizontal fine at the junction of the 
thud intei space and steinum have been obtained on appi oximately 4,000 pa 
tients The findings in these leads weie coii elated with those in the customaiy 
pieeoidial and Goldbeigei limb leads and with the pathologic findings m oOU 
cases that came to autopsy 

Caidiac lotation appealed to hax^e a gieatei influence on the QKS pattein 
in high pi ecordiai leads than in those taken in the usual positions Clockwise 
lotation displaced the tiausitional zone faithei to the left in high than 111 me 
customaiy pieeoidial leads and often led to the 1 egistiation of an RS pattern, 
typical of the potential vaiiations of the epical dial suiface of the light l eii- 
tiiele, 111 leads high in the axilla as well as 111 a Vl Countei clockwise lotatio 
tended to shift the tiansitional zone faithei to the light in the high than 11 
the lontine pieeoidial leads - 

High pieeoidial leads weie of paiticulai value in the 
faicts localized to the basal poition of the anteiioi 01 lateial walL of the 
ventiicle, as demonstiated by pathologically pioved cases ivith diagno 
signs 111 high pieeoidial but not in the loutine pieeoidial 01 

Hhgh pieeoidial leads were also of value in the estimation of the ^ , 

extent of anteiioi 01 lateial apical inf aids, as illustiated by cases ot 
anteioldteial apical infaiction, showing diagnostic patterns in the cim 
but not ui the high pieeoidial leads and extensive anteiolateial ,],nj 

diagnostic patterns at both levels The diffei entiation fioni i igft; 

lead patterns due to light and left ventiiculai hypei trophy and light an 
bundle bianch block is illustiated 

55 STUDIES ON THE RENAL TUBULAR TRANSPORT 
MECHANISM FOR GLUCOSE 

Jules H L ist, AI D , Paul Jordxn, AI D , Isadore Pitesky, B S , 

Gordon Johnson, B S , and Blaine Givnis, R Ph , Chicago, 

(Introduced by Robert AY Keeton, AI D ) 

Recent observations by Conn and co-woikeis indicate sub 

istiation of adienocoiticotiophie hormone (ACTH) to < npjl k be 

jects results in a diabetic state In addition to hyper glycenua. 
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lieied to (lecieise lenal tubular lesoiption of glucose Glutathione an 
tagoiuzes this effect of ACTH piesuinably b> leaeising the mhibitorj action 
of ACTH on tubulai transport meeliamsms 

Hyperglyeenua has been lepoiteil to effect adieual coitical disehaige as 
lefleoted by a fall in the lymphocyte eovait ui the lat and also in man Thus 
hyperglyeenua in itself can be considered as i stress phenomenon 

To obtain quantititiie data on the effect of adienal coitical dischaige on 
the tubular mechanism foi glucose it ms planned to do Tuij determinations 
m trained dogs befoie and aftei the adinimsti alioii of epinephrine A pre 
hmmary experiment lesuited in a 70 per tent diop in the Tmj and a 77 per 
cent diop in the eosinophil count folloiinig the intiatcnous infusion of 
epinephrine (5 gamma pei kilognm pei minute for one hom) Li^ht periods 
fifteen to tuentv uiinutcs in duiation iveie conducted in each e\periment ovei 
a fit e hour period of glucose infusion The TiUj t alues foi the last two to 
three periods iveie tvithm normal limits as reported foi the dog (200 to 300 
mg per minute) In fire of si\ dogs the initial two to thiee periods showed 
depressions of the Tnij ranging from 33 to 59 per cent Tm^ values as low as 
92 mg per minute hav e been obtained under these conditions despite glucose 
loads of 15 to 2 0 times the animal’s normal Tmc level In contrast to the 
gradual use m Tnij as a given experiment progressed the eosinophil count fell 
continuously to a low v slue at the completion of each lun 

The marked depressions of tubular resorption of glucose seemed to oo 
meide with high enviioniiieiital temperatures This is of niteiest since it is 
known that heat stress will fiie the pituitary adienal mechanism It is postu 
lated that enyiroiimental heat stress in combination ivith the stiess of hyper 
glyeemia may bat e been respousihlc foi the anomalous Tuij obseu ations noted 
ui this senes of dogs 

56 AN INDIRECT QUANTITATUE METHOD I- OR THE ESTIMATION 

or HEPARIN ACTIVITV IN VITRO CLINICAL APPLICATION 

Georoe V LeRov MD Bern vrd IIalpern, M S (Bv Iwitition) \nd 
Ralph E Dolkvht MD Chicago III 

Eyidence has been picsented which suggests that some heraoiihagic states 
are due to the presence of excessiie amounts of hepann in the blood In 
such conditions the antihepaim agents protamine sulfate and toluidine blue 
may be of great yalue clinically A laboiatorv proccduie yvhich will peimit 
the sekctiou of patients for this type of theiapv and which can be used to 
control sueli theiapy is desiiahle A method is deseiibed yyhich utilises a 
modified one stage piothrombm time type test tVith this technique it is 
possible to detect the picsence of hepann in amounts as small as 3 5 yig pei 
millihter of plasma Undei the conditions of this test the latio of the con 
eentration of piotamme sulfate required to neutraliac hepann added in vitro 
or m VIVO is 1 5 1 This latio appears to he s constant “When the amount of 
Protamme sulfate required to neutralize a certain amount of added hepsrin 
IS greater than tliat piedicted bv this latio it is concluded that the evcoss 
piotanune neutralizes endogenous heparin The utility of the test in the 
protamme sulfate therapv of ceitam hemoiihagic states is illustiated by case 
histones In piaetiee it has been possible to piedict ivhieh patients will be 
heaefited by the use of antihepaim agents It hss also been possible to de 
terrame the adequacy ot the trcitineiit even in the absence of frank bleeding 
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57 THE EFFECT OF ATROPINE SULFATE AND DIBUTOLINE ON 
THE NOCTURNAL GASTRIC SECRETION IN IVIAN 

Eravin Levin, M D (By Invitation) , Joseph B Kirsner, M D , and 
Walter L Palmer, M D , Chicago, III 

The effect of <ati opine and of ati opine and adienaline in oil on the fasting 
gastric secietion was studied in forty-five patients hospitalized for peptic ulcer 
Ati opine admiiiistei ed paienteially in dosages of 1 0 to 2 0 mg eveiy 3 to 4 
hoiiis exeited a variable effect A depiession in acid secietion occuired m ap 
pioxiniately 33 per cent of the studies, the effect was of short duration In 
Cl eases in gastric secietion weie obseived in appioximately 26 pei cent of the 
studies Similai i esults wei e obtained with 2 0 mg doses The action of 
atiopme upon the paiietal cell appealed to be lelated to the state of activity 
of the cells at the time of administration of the ding Of the patients with 
duodenal ulcer in whom a i eduction was obtained, the secietoiy rate in 66 
pel cent was less than the aveiage houily late obseived m such patients How 
evei, a depression in gastiie secretion was not obtained uniformly m all in 
dividuals with low lates of secietion The i eduction m output of acid in 
individuals with high seeietoiy lates was associated with seveie symptoms 
of ati opine toxicity Atropine also was admimstei ed in doses of 1 0 mg si 
multaneously with 2 0 mg of adrenaline in oil No additive effect was noted 
insofai as the volume of gastiic secietion was concerned However, the con 
centiation and output of acid were reduced moie fiequently by the combina 
tion of dings than with ati opine alone 

The effect of a phaimacologicaUy i elated compound, Dibutoline (Dibutyl 
methane of dimethyl-ethyl-/3-hydioxyethyl ammonium sulfate — ^Meick) oJi 
nocturnal gastiic secietion was studied in fifteen individuals Dosages of lo 
mg given intramuscularly every four hours during the night yielded i esults 
similar to those obtained with atiopme Although a decrease m the output ot 
aeid was obseived more frequently with Dibutobne, the depressant effect, 
whenei ei it occuiied, likewise was variable and of short duration 


58 STUDIES OF BLOOD COAGULABILITY AS INFLUENCED BY 

DIGITOXIN 

William C Levin, kl D , AND Arthur Ruskin, M D (By Invitition) 

Galveston, Texjvs 

Digitoxin was admimstei ed to all subjects used in this sfti^y ^ 
the oral or parenteial route In all instances studies of the coagum 
amsm were performed both before and after digitalization witu 
All subjects used presented no evidence of cardiac decompensa 
thromboembolic disease 

The bleeding time, piothrombin time, and coagulation 
White) were determined in five patients Two of these mtra 

mg digitoxin intravenously and three received 1 2 mg mg ,nteivals of 
venously The aforementioned studies were then detei mined a 
five to ten nuniites, one horn, foui hours, seven hours, and Dve y 
In no instance was there any sigmficant decrease m the hie o 
agulation time, or prothiombin time estmiabh’'® 

Eleven patients weie then studied with hepaiin ad 

befoie and aftei leceivmg a full digitalizing dose (1 6 I ^ chMge m the 
ministeied orally over a twenty-foui hour period No signni 
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liepaim toleiaiiec eimes -wis appaient aftei chgitili,!ation when the test was 
performed necordmg to tlie method desciibed ht de Takats and associates 
In, ordei to wake the method moie sensime it uis modified by using the Lee 
and White coagulitiDii tune A\rth this mochlieatwn sin deteiminations on 
file patients reiealed an nieiease in hepaiin toleiaiice and seien determuia 
tions on SIN patients reieaJcd a decrease in hepaiin tolciance It is suggested 
that the wide laiiatioiis in these data aie due to larntions intimsic in the 
method rathei than to the effect of digitovin 

The problem nas then appioached by studying the piothrombm tunes 
by a modified Quick oiiesti^e teebmqiic in tnehe subjects rollon ing digi 
talmatioii ivitli digitoMii theie %\eie no significant alterations in the piothroin 
bin times in aiij instance Aflei digitilizition the subjects neie Dioti 
niatolrzed in the usual fashion No inhibition of the effect of Dieuiiiaiol hi 
digitoNiii as measHied bi the effect on the iiiothiombin activity ivas evident 
Thiee patients iicie giien Diemimol so that piothiomhm actnity iias 
reduced to a range of 10 to 30 per cent Aftci stabilization of prothiombin 
actnitj hy the admuusti ation of iiiamtenaiice doses of Dtcumarol each of 
the thiee patients iias digitalized with 16 nig of digitosm given oralSi 
In none of the thiee eases did the digitoNiii appeal to inteifeie inth the effett 
of Dicuniaiol as leflected hj the piothioiiilnii actmtj 

Finally the piohleiii was appioached In the detciminatioii of the coagii 
iatioiv time both bj the eoiueiitioiinl Lee and AMiite technique and m tubes 
treated mth silicone for the puiposc of simulating the eiidotlieiial lining of 
the lasoiilai netivoik Ten patients iieie studied bj this method for a thiee 
day eontrol period It « as noted that theie was consideiable a ariation in the 
coagulation times in the same indiuduai fioiii daj to daj This aaiiation ivas 
noted in both techniques Init was espeeiallj eaident in the technique employ 
nig test tubes treated with silicone These patients neie then digitalized b\ 
the oial adnunisiaion of IG mg of digitONin and they iieie placed on daily 
mamtenanoe doses of this chug The coagulation time was studied daily for 
thiee dajs aeeoidnig to the pieuoush mentioned techniques Again there 
Here no consistent changes m the coagulation time as measnied bj eithei 
technique follow mg the adinimsti ation of digitoNin 

It IS concluded theiefoie that tlie nicthods used ui this studs haie dem 
oiistrated that digitoNin administeied either oially oi inti a\ enoiislj has no 
effect on the coagulation iiiechaiiisiii of the blood Therefoie if digitalization 
is indicated this study suggests that theie should he no hesitation in. carry 
Hig out thus therapeutic pioeediue mth a new that thromlioeinholisni may 
result theref i oni 


59 THE USE OP VIODENLW IN THE TREATMENT OP 
ULCBRATIA E COLITIS 

MOP LiNDiST 31 D iND M P Kosz vlk^i 31 D Alinw mjkef Wis 
(Intboduced na Ahwind J Quick 31 D) 

A contnmous seaieh is being made to find an adequate means of combat 
■eg the etiological factors of chrome idiopathic ulceratue colitis Among the 
oiore leeeiit additions to out medical aimamentaiium is Viodeiiuiii This 
substance is whole desiccated and defatted duodemim which is heheied to 
contain ceitain antiseoietoii and aiitiproteoh lie factors Tliirtccii patients with 
chronic ulceratue colitis in acute CNacerbation were treated with A lodeinini in 
addition to the eomiiioulj used tliciapeutic measures Tablets were administered 
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only aftei powdei had been given in the initial phase of the tieatment and until 
the acute flaieup had subsided The lesults aie as follows (1) one patient 
showed no impiovement, (2) e\aceibation of the disease was noted in thiee 
instances, in one of_^whieh the tablets passed thiough the bowel without disin 
tegration, (3) two patients weie foieed to discontinue tieatment because oi 
intoleiance as manifested by nausea, diaiihea, and eiamps, (4) deliuite clmical 
impiovement was obseived in six patients, (5) no definite opinion could be 
1 cached in two 


60 THE EFFECT OF TETRAETHYLAjMMONIUM BROMIDE ON THE 
CARDIAC OUTPUT OF NORMOTENSIVE AND 
HYPERTENSIVE PATIENTS 

Lawrence G May, M D (By Invitation), Alene Bennett, B A (By 
Invitation), Raymond Gregory, MD , Shih Yuan Tsai, MD (By 
Inyutation), and Mary L\nn-Schoomer, B A (By Invitation), 

Galveston, Texas 

In a pieiuous study ive have shoivn that the fall in aiterial blood piessuic 
of normal and hypei tensive patients induced by spinal anesthesia is not asso 
ciated usually ivith a significant fall in eaidiac index This evidence has been 
used to support oui belief that the cause, oi at least the siistainiiig cause, m 
essential hypei tension is an inei eased vasomotoi tone In attempting fuither 
to elucidate the pathogenesis of essential hyiiei tension, teti aethylammomura 
was used to loivei the blood piessuie in patients ivith essential hypei tension, 
and caidiac output studies iveie made by the diiect Fick method 

Sixty-one caidiac output measui emeiits iveie made on nine noimotensive 
and eleven hypeitensive patients befoie, duinig, and aftei the iiitiavenous 
injection of teti aethylammoniuni biomide The twenty patients were diyideci 
into four groups sedated and unsedated hypertensives, sedated and un 
sedated noimotensives 

In both the sedated and unsedated noimotensives teti aethylamuiomiim 
produced a fall in blood piessuie but no significant fall m cardiac index 
After lecoveiy from the teti aethylammomum, as shown by the disappearance 
of tachycardia and the letuin of the blood piessuie to oi toward control levels, 
the cardiac index remained loivei than either the control level or the lev 
obtained during the teti aethylammomum effect 

In the unsedated hypertensive gioup the control cardiac indexes i 
slightly lower than in the noimotensive oi sedated hypertensive 
During the teti aethylammomum effect the caidiac index showed little cia „ 

and in some cases lose to a level above that of the control value 

In the sedated hypertensive gioup there ivas little fall m the caidiac 
duiing the tetraethylammomum period in spite of marked falls in t e 
pressure In no case in the ivhole series did the cardiac mdex fall oei 
normal limit dm ing the teti aethylammomum effect hp laent 

In both noimotensive and hypeitensive patients a syuipathicoiyi 
such as tetraethylammomum may pioduce a faU m blood pressure 
significant fall in cardiac index 


(To he concluded tn the Dcccuiba I6SHc ) 



AJIINO ACID EXCEETION IN DEGENERATIVE DISEASES OF THE 
NERVOUS SYSTEM 


Huntijngton Poktbr 31 D 
Bos’to't, Miss 

T he recent mi estigations of Uzmon and Denny Brown' and Cooper and co 
workers’ have shown exeessiie urmaij ammo acid excretion to he a con 
sistent feature of hepatolenticulai degeneration even in early and mild states 
of the disease Occurrence of this ammo aeiduna inth only minimal evidence 
of general liver dysfunction suggests that it may represent the result of a 
specific metabolic defect and tiiat such defect may have a direct relationship to 
cerebral degeneration It therefore seemed of mteiest to study ammo acid 
excretion in a gioup of patients with other syndiomes characterized bj chrome 
neuronal degeneration particularly those of fatnilial typo 

A second type of metabolie abnormalit> in IVikon’s disease is indicated 
bj the marked mcrease in copper content of both brain and liver noted by 
Baurowitz,’ Glazehrook* and in the well controlled observations of Cummgs’ 
3Iandelbrote and assoeiatcs® reported high urinarj copper output in a single 
case of AVilson’s disease and found that in this condition as m normal persona, 
the adnunistration of BAL (2 3 dimercaptopropanol) greatly increased eoppei 
excretion BAL might thus provide a tool for the demonstration of a possible 
relatioa between these two established biochemical abnormalities The effect on 
the ammo aciduria of a maiked though transient disturbance of copper 
metabolism as produced by BAL was therefoie investigated 
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Anuno acid excretioa was studied la representaUvo cases of Huntxagtou a chorea 
paralysis agitans dj stoma rouscuiorum deformans familial spastic paraplegia associated 
with meatai defect and hepatolenticular degeneration Unne samples were collected over 
a hnowtt tune interval usually between two and tlireo hours In all female subjects and in 
male subjects uncooperative because of mtellectual impairment collection was by inlying 
catheter The total fasting urinary a ammo acid nitrogen excretion la miUigTama per hour 
was determined by the ninlijdrin carbon dioxide method of Van Slyke ifacFadyen and 
Hamilton.7 Analyses for tryptophane were earned out by the p dimethjlaminobenraldehyde 
method of Bates a after mercuric sulfate precipitation as deaenbed by Folm and Ciocalteu » 
^aatUuremc acid was tested for by the color reaction with forric chlonde reported by 
hepkovsky and co workers lo Chromatographic analyses for tho presence of unusually 
largo amounts of individual ammo acids were performed by tho method of Dentu using 
the one dimensional technique with phenol as the solvent la patients with hepatolenticular 
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degeneration, copper ^vas estimated by the diethylditluocarbamate method of Eden and 
Green 12 Acid cleaned glass and -water redistilled over glass -were used throughout m the 
collections and analyses for copper Blank determinations were performed to correct for 
minute amounts of copper in the reagents 


RESULTS 

With the exception of hepatolenticulai degeneiation, none of the conditions 
studied showed a significant elevation in uiinary total a ammo acid nitrogen 
excretion pei hour when compared vnth control values on eight mdmdnals 
which averaged 4 7 mg per houi, range 3 5 to 6 8 mg per hour (Table I) 
Excretion of tryptophane and xanthuienic acid did not diffei grossly from 
normal with the relatively crude methods employed Cliromatogiaphie studies 
gave no indication of excessive exeietion of any one ammo acid The usual 
finding by this method was two distmct spots with Rf* values of about 0 34 and 
0 51, identified by superposition with knowns as glycine and alanine As in 
noimal urine, a thud faint spot with an Rt value of about 0 83 also was present 
occasionally 


Table I Total Urinary a Amino Nitrogen in Degenerative Diseases of the 

Central Nervous System 


patient 

a N(MG per UR ) 

1 PATIENT a N (MG PER HK ) 

Huntington's chorea 


Dystonia musculorum deformans 

M H 

44 

E S 

33 


40 


23 




79 

R G 

38 

W McC 

36 

C W 

52 




44 

Familial spastic paraplegia 


T B 

35 

W McD 

3 3 


37 


36 

Paralysis agitans 


J J 

41 

40 

A H 

49 



4 1 

Hepatolenticular degeneration 

19 4 

16 5 

L F 

30 

3 6 

A G 



B B 

110 



M R 

12 0 

13 7 


The average value of 14 5 mg a-ammo nitrogen pei houi m the t iree 
of hepatolenticular degeneration confirms the marked increase m urinary 
a-ammo nitrogen excretion previously obseived m this disease by z . 
Denny-Biown The absence of such a findmg in the other 
suggests that a-ammo nitiogen determination may be of value m the 
diagnosis between Wilson's disease and other diseases which occasiona 


similai clinical pietuies indicate a 

The mitial urmaiy copper values of 23 5 aud 11 0 y per hou 
definitely increased copper excretion m hepatolenticulai degeneia 10 

•K( indicates the raUo of the distance along the niter paper nioi 
the total distance traveled by the solvent 


ed by tlie amino ac**! 
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compared ivitlj control figures on four individuals ai eraging 687 per hour, 
range 3 0 to 7 9 y per hour These controls are in good agreement with the 
more extensive observations of Mandelbrote and co workers® who reported a 
normal average of 4 85 y per hour range 2 1 to 9 0 y per hour 

Administration of BAL sufficient to increase the copper excretion by more 
than seven times the pre BAL figure did not reduce the ammo aciduria of 
hepatolenticidar degeneration to the control range (Table II) In the first 
patient injection of BAL was followed by a reaction obaraeterized by profuse 
sweating congestion of the sclera, puffiness of the face, nausea vonutmg of 
about 100 c c of bright red blood, and almost complete anuria which persisted 
for about one half hour Intravenous saline infusion was started as soon as the 
severity of the reaction became evident It is possible that the apparent drop 
in amino acid excretion in the first peiiod immediatel} after BAL may he 
in part accounted for by this transient extreme oliguria Subjective improve 
Blent, diminished tremor and increased activity about the ward were noted in 
this patient following BAL but it is possible that these changes did not exceed 
the range of natural fluctuation in the disease This improvement has persisted 
dunng the five months of observ ation since BAL administration In the second 
patient the dose of BAL was smaller reaction was minimal, and urine volume 
was mamtained bj constant intravenous saline infusion throughout the expen 
ment Ammo aoid output under these conditions showed no significant change 
Subjectively and objectively the climcal status of this patient remained unaltered 


Tasis H The ErrEcr or BAL ov Aurso IcmoBA in Hepatolevticoiar DEOENEEAnoN 


TIitE OP COLLECTION PEBIOD 

UBINB VOLmiE 

a AMINO N 

OftINE COPPER 

(MIN ) 

(IIL PEE HR ) 

(JIG ?ER UR ) 

(y PEE BE.) 

ratieat A G Bceewed BAL 7 mg 

per Kg mtrftmuscalarly 


90 mm before BAL 

213 

165 

23 

BAL adcumstered 





143 

10 6 

181 

125 190 

495 

20 8 

133 

190-357 

439 

19 0 

61 

357 482 

322 

17 9 

40 

Patient E B. Received BAL 4 mg 

per Kg intramuscularly 


125 mm. before BAL 

85 

110 

11 

BAL adminiateied 




0 69 mm after BAL 

76 5 

11 7 

101 

69 131 

136 

14 5 

S7 

131 256 

190 

12 3 

28 


It IS necessary to emphasize that the small number of observations must 
Imut coneluaions from the data here reported Further, chromatography and 
the methods used for estimating tryptophane and xanthurenic acid were em 
ployed only as screening procedures to detect changes of marked degree How 
^ver, they did serve to dimmish the likebhood that alteration in excretion of 
individual amino acids was occunng without change in the total a ammo 
mtrogen The method used for determination of total a amino nitrogen, on the 
other hand 13 one of great precision which appears to exclude increase m total 
ammo acid excretion in Huntmgton’s chorea paralysis agitans, dystonia museu 
lonim deformans and familial spastic paraplegia and to differentiate these 


1626 


PORTER 


sjTidiomes horn ‘Wilson’s disease Ineieased coppei exeietion was obseived in 
two cases of hepatolenticulai degeneration, but no significant change in total 
ammo acid exeietion was found at the tune of a marked use m coppei output 

SUMMARY 

1 No evidence of abnoinial ammo acid exeietion ivas found in cases ot 
Himtington’s choiea, paralysis agitans, dystoma musculoium deformans, oi 
familial spastic paraplegia These negative lesults aie contiasted ivith the 
consistent ammo-aciduiia of hepatolenticulai degeneration 

2 Increased uiinaiy coppei excretion was obseived m two cases of hepato 
lenticular degeneration 

3 Administration of BAL sufficient to mciease the copper output by 
sevenfold did not significantly reduce the amino-aciduiia of hepatolenticular 
degeneration 
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PARENTERAL NUTRITION 


X Observations on the Use op a Fat Esiulsiov fob Intraaenohs 
Nutrition in IIan 

Sherwood W Gorens JI D , Robert P Geyeb, Ph D , 

LeRoy AV ALatthews B S and Fredrick J St are, JI D 
Boston JIass 

A n ElIULSION of fat eonsisting of 15 per cent coconut oil, 4 3 pei cent de\ 
tiose, and a combination of 0 5 per cent sojbean pbosphatides and 1 per 
cent polj glycerol esters as stabibzers ivas reported bj this laboratory to haA e been 
admmisteied sueeessfullr to animals (rats eats rabbits and dogs) and to man ’ 
The size of the fat pai tides of this emulsion Avas beloAv 1 p in diameter foi the 
most part and none AAere larger than 3 microns The preparation of this emul 
sion has been fully described in earlier papers “ * AVhile this emulsion (re 
ferred to as Emulsion 41 in the earlier report') has repeatedly been used AVitb 
success m man, it tvas pointed out' that it ivas uot completely satisfactorj from 
the olinioal vieAvpomt because after a peiiod of approximately one month it 
deAeloped pyrogenic pioperties The purpose of this paper is to present addi 
tional information on the use of Emulsion 41 m man although neither the cause 
nor prevention of the slow development of pyiogenio activitj is jet clearly 
understood HoAveA ei these studies aacic all earned out Avith batches of emulsion 
iess than four weeks of age and hence, Avithm the time period that it maj be 
used olinioally Avithont pj rogenie reaction 


EXPERIMENT AL 


Tfao emulsion used in the present study wis of the composition of Emulsion -iH and 
"aa prepared in this laboratory Before clinical uso, the stenlitj of each batch of emul 
sioa was determined and the following routine tests were done (a) rapid injection (15 
per hilogram bod> weight) intravenously into three adult rats daily for seven dajs 
and subsequent post mortoro examination, (b) rapid injection (15 to 20 ml per minute) 
mtTa\enou8ly into one adult dog for two successive days la an amount of 5 Gm of fat 
per Jcilogram of bodj weight and (c) rapid injection (10 ml per kilogram bodj weight) 
mtra%enou3lj into adult rabbits for pyrogenic assay Every batch of emulsion had to 
pass satisfactorily all of these tests before it was used in tho clinic On the average, an 
emulsion had been prepared for appronmateJy a week before it was used in man Plastic 
disposable infusion sets were employed, and an infu<uon rate of -t to 5 ml per minute was 
Used m adults and 1 to 3 ml per minute in children, depending on the weight of tho child 
Viscosity of the emulsions was such that a No 26 needle could be employed when 
Necessary 
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terminated The caloric intake of this patient for the immediate postoperative period is 
shown in Fig 2 It is seen that during the first three postoperative days, the fat emulsion 
contributed appreciablj to the caloric intake, in fact, during the second and third post 
operative dajs it furnished approximately 75 per cent of the total caloric intake It was 
during this critical period that the favorable clinical response was especially noted 
Because Emulsion 41 iias not available, none was given on the fourth and fifth dai': 
The data in Fig 2 also emphasize quite strikingly the impoitance of ordinary food as a 
source of calories 


TOTAL CALORIC INTAKE OF P J 

(PB B H NO 4B929) 



Patient 9 — This patient was a mentally defective child, 4 years of age, weighing 
grams Fat emulsion was given on six successive days in amounts varying from 
300 ml , which furnished 30 to 60 per cent of the total calorie requirements It was o 
consistently that infusions of more than 250 ml (3 5 Gm fat per kilogram) at 
time produced an elevation of temperature of 1 to 2 ° w'hich persisted for one to tiree 
following the fat infusion 

Patient 10 — This patient was a 7 week old male mfant, weighmg 3 kilograms, 
operativ e obstruction, w ho was on continuous gastric suction and 
feeding The theoretical caloric lequirement for this infant was approximate y 
and the usual parenteral fluids available could provide only approximately a nr 
requirement He was given fat emulsion by vein for eleven days, during 
received on some occasions as much as 70 per cent of his basal caloric requi 
this source Fig 3 illustrates the caloric intake of this infant during a gmall 

the last nine days of which fat emulsion was given Since the two The ft* 

infusions of fat were well tolerated, the study presented in Fig 3 was 
infusions were increased gradually in amount until by the third day juit 

more than one half the total calorie intake (Fig 3) On the fourth day an j(j]orie= 
flve days, the theoretical calorie requirement of the infant was more than me mtahe 
from the emulsified fat furnished approximately two thirds of the to a ® 
Throughout this period the ehild was quite ill as a result of an extensive in^ 
biotic therapy was ineffective and early in the morning of the extensi'® 

study the child expired Post mortem studies gave no evidence that e^^ 
infusions, daily for nine days and on two other day s shortly before t le per 
by Fig 3, had in any way contributed to the death ^ ^^,p. 

Patient 11 — This patient was a 6 % year old boy, weighing 15 ^utritiott 

tured appendix, peritonitis, and multiple abscesses in whom complete ,3 ja 

necessary He received fat emulsion intrav enously for twenty seven )i,j 

providing him with 480 to 800 calories per day which provided 50 per c 
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calorie requirement It -uaa obier\ed regularly in this patient that if more than 
400 ml of fat emulsion ivere gi\ en at anj one time, there was a gradual rise of temperature 
of 1 to 2 during one to three houra foJlonJug the mfvsion This quantity of emulsioa 
contained 60 Gm of fat rrhich lurniahed this patient ruth 4 Gm of fat per kilogram The 
infusions of fat in this child rrere chnicnll} effeettre m that he presented a problem of 
complete parenteral feeding and further rrcight loss rras prevented during the period fat 
infusions were given 

TOTAL CALORIC INTAKE OF S.E 

(CH K0A54lft9*) 

DAYS- 


CALORt£S 
■I tX FAT 
P OTHER 


FIff 3 

la view of the fact that an increase in temperature of 3 to 2 was consistently 
obtained la Patient 11 when the amount of fat given exceeded 4 Gm per kilogram body 
weight It was thought desirable to attempt to determine a hieh component of the emulsion 
^as largely responsible for the temperature rise Tht following three diflferent preparations 
Were studied in Patient 11 the usual 15 per cent fot emulsion (Emulsion 41), a 15 per 
cent emulsion identical to Emulsion 41 except that the costabihzer of polygljcerol esters 
was reduced from 1 per cent concentration to 0 4 per cent a fat free emulsion which 
contained onij the two stabiliiers m the same concentration as in Emulsion 41 in 5 per 
cent dextrose A different one of these three preparations was infused in Patient 11 in 
the same amount on each ot three successive dajs Foe the next three sncceasixe da>s 
these preparations were gnen in tho same order, but the one without fat was given in 
twice the amount The temperature nse occurred onl> when the amount of fat containing 
emulsion infused exceeded 4 Gm fat per kilogram of body weight 

That th]«t tempeiaturc use follouuig infusion of *1 fat eniulsioii vanes coii 
sideidbly araon^ patients is suggested by the ofascivations in Patient ^ m whom 
an amount exceeding 3 5 Gm fat per kilogram of body weight lesulted in a nse 
in temperature and lu Patients 2 and 10 m ivhom as much as 3 and 6 Gm fat 
pei kilogram respectively did not gi\e rise to an increase in tcmpcratuie, >et 
tt uas the same batch of fat emulsion which was gi\en to Patient 11 The data 
111 Table I show that Patient 5 a 65 year old man, weighing 55 kilograms, 
cerebral metastases from a liy pernephroma, and in whom most of the left frontal 
lobo had been removed, developed a temperatuie rise if more than 300 ml of 
fat emulsion were gnen at any one time This amounts to only OS Gm of fat 
pei kilogram of body uciglit 

Insufficient evidence is aiailable to indicate uhethei this rise in temperature 
is due to the amount of fat pei se oi to pirogens contained m the fat whicJi, 
wlien they leach a ecitain concentiation use to tiie imrcase in temperature 
At present the latter seems the more likely cause 


I 3 ^ 5 7 g.,.9 IQ ,., !t 1 2 
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DISCUSSION 


The clinical obseivatioiis piesentecl in this papei indicate that fat eniulsious 
as a souiee of caloiies in paienteial nutiition aie useful in a wide vaiietj of 
cases Emulsion 41 fuinished 1,600 caloiies pei litei, and could be uifiised at 
the lates commonly employed foi the intiavenous admimstiation of glucose oi 
saline solutions 


Previous studies in the dog and lat have shomi conclusively that such fat 
emulsions of fine paiticle size intiodueed diiectly into the systemic ciiculation 
aie utilized foi eneigy pui poses as indicated indiiectly by total caicass analysis 
foi fat,'' maintenance of noimal •n'eight,® conversion of negative to positive nitio 
gen balance on a low-piotem low-caloiie lation,^ and giowth of puppies,” and 
diiecth^ bv'' ladioisotope studies showing that intiodueed as pait of the fat 
molecule in a fat emulsion is lapidly eliminated in the evpiied CO™ ’ In pievioib 
studies with expeiimental animals and man, it has been shoivn that fat emulsions 
such as have been employed in the studies can be given safely and without pro 
dueing pathologic conditions ^ 

The studies lepoited in this papei extend many of these obseivations ni 
man The obseivations on Patient 1 conliim the favoiable effect ot fat emulsions 
administeied intiavenously^ on nitiogen balance The similai obseivations on 
potassium balance fuithei emphasize the necessity of adequate calories foi 
piotem syuithesis in the body The veiy favoiable clinical lesponse obsene 
in the patient seveiely'' ill with ulceiative colitis (Patient 2) is attiibiited m poi 
to the calories supplied by the fat emulsion duiing the first three postopeiatiio 
days In Patients 10 and 11, fat emulsions were given for latliei long peiio s, 
eleven and twenty'-seven days lespectively'', and in generous daily aniomis, 
appioximating 6 and 4 Gm fat pei kilogiam of body' weight Patient 1 
was severely ill from a generalized infection, expired after nine successive • 
of fat infusion gneii in such an amount that calories from fat fiiinis e «o 
thuds of the total caloiic intake foi a peiiod of seven days However, at 
theie was no abnormal accumulation of fat in any of the organs and uo 
that the fat infusions in any way had contiibnted to the death 
severe illness, when all nouiishment had to be given by ^em, weigi 


prevented ^ 

An mciease in tempeiatuie in Patients 5, 9, and 11 was regulmh o^bj^ 
following a single admimstiation of a eeitain amount of fat these 

amount of fat necessary to cause this temperatuie use vaiied ivideJy^ ^"patient i 
three patients — from 0 8 to 4 Gm fat per kilogram of body ueigi 
who leeeived 3 Gm fat pei kilogiam of body'^ eight, and ju’ t^ni 

received 6 Gm fat per kilogram of body weight, showed i-ogeni*^ 

peiatuie It is thought that these tempeiatuie uses were nc 


mateiials in the fat and not to the fat pei se ition 

1 j. the piepaiaia^" 

Of the patients listed in Table I, three died by' the time obtaiiK^^^ 

of this paper — ^Patients 5, S, and 10 Post-mortem exaniinations^i patholoS’*^ 
on the latter two and in neithei was theie any' gross oi 
condition attributable to the fat emulsions Patient 5 expire 
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one month foHo^vm" the hst fat infusion Patient 8 thiee months foUo^\Ing 
the last mfusion ind Patient 10 eighteen hours following tlie last infusion of fat 

It should be pointed out that the reason moie fat emulsion was not gneii 
to manj of these patients and foi longei penods of time that not enough 
was available because of limited piodiictioii and control facilities and the needs 
of \arious experimental studies with annuals As stated m a preiious paper^ 
on this subject Emulsion 41 is still not considered compietelj suitable for 
elmieal use because of the dcielopnient of pMogenicit> aftei it is approsimatelj- 
foui weeks old 

SUMM IRV 

Obsenations are lepoited on the intia\cnous administration of a 15 per 
cent fat emulsion to eleven patients icprcsentmg a \aucty of common illnesses 
Of these patients eight weie adults two were ehildien and one was a 7 week old 
infant The emulsion furnished 1 600 ealoiies pei liter and was given at rites 
ordinanh used foi administeimg glucose oi silme solutions Daily amounts 
up to 3 Gm fat pei kilogiam of bod\ weight weie oiven to adults and 6 Gm 
fat per kilogram of hod} weight in a 7 week old infant Infusion penods ranged 
from three to twenty sosen consecutue dau The emulsion was effective as 
indicated bi fa\orablc clinical response the pre\ention of weight loss and tho 
maintenance of positne mtiogen and potassium balance Subsequent post 
mortem examination of thiec of these patients repealed that the fat emulsions 
bad produced no patliologic changes cither gross or microscopic 

The authors wish to express appreciation to the Medical and Surgical Services of the 
Peter Bent Bngliam Hospital and the Children s Hospital of Boston for their gonuino 
cooperation in these studies and to The Upjohn Companj Kalamazoo Mich which has 
supplied U8 gencrouslj with aarioua matenals used in this research 
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THE ABSOEPTION AND DISPOSITION OP OEALLY ADMINISTERED 
I“^-LABBLED NEUTEAL PAT IN MAN 

M'i.LCOLM M Stanley, MD, and Siegpeied J Tblvenblv-user, MD, PhD 

Boston, Mass 

N one of the available methods foi measuiing the ahsoiptiou and utilization 
of fat m man is gieatly mfoi*mative and, at the same time, accuiate and 
simple to caiiy out The dneet chemical deteiminations of seiiim fat in seiial 
fashion aie tedious and time consuming, in the hands of all save the most 
expel t they aie subject to eousideiable inaceuiacies Eelatively laige samples 
are lequiied No infoimation as to the disposition of the fat is available fioin 
this method, i e , what proportions of the lipid which has disappeared from 
the blood stream aie accounted foi by degradation and by storage lespectnelj 
The vitamin A tolerance test obviates the fiist two of these objeetions, but not the 
thud Nephelometiic techniques foi fat analyses aie now generally conceded 
to be iiniebable 

The problem had been cj^uite satisfactorily solved for animal woik by Geyei 
and co-woikeis,’- and Leinei and co-woikeis,- by the use of neutral fat cou 
taming radioactive C^^-substituted fatty acids However, the extremely long 
half-life of this isotope precludes its use in man In addition, othei isotopes 
which emit radiation of greater penetrating power are more simple to measui& 
Certain of the shoiteommgs mentioned may be overcome by the use o 
neutral fat which has been labeled with ladioiodine I^®^ iii the unsatuiate 
fatty acids It is the purpose of this communication to report tiacei stu les 
with sncli radioactive fat on eighteen patients, including ten noimal subjects 


METHODS 

Commercial olive oil iras lodinated with Iis' * The following steps More 
the earner free solution (usually 10 me), 10 mg of sodium iodide were a ® ^ jq 

rier The solution was then placed in a separatory funnel and acidified with 1 ni 
per cent concentrated nitric and sulfuric acid mixture The liberated iodine was c ^ 
with chloroform Into the chloroform solution a stream of chlorine was then ^ 

the purple color of iodine just disappeared The iodine chloride obtained was m 
clUoroform solution of 20 Gm of olive oil This mixture was allowed to stan sojium 

four hours The chloioform solution then was shaken repeatedly with a over 

carbonate in order to remove any free iodine The chloroform solution infrsreJ 

inhydrous sodium sulfate and the chloroform eiaporated off by means following 

lamp The odor, taste, color, and consistency of the od were unchanoe 
^‘’^'“'^tion mto 

One half to 5 ml of the oil, containing 100 microcunes oi i ’ i f t Ir* “ 
bread and eaten, either during or immediately following a normal dynng tiie fird 

instances the patients were wathout breakfast all ate a normal mixed m 


ance of the test period 
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TJio raJjoactivit^ in tJjo tJi>roid ^^lantl was tstiiuited b> scnal counting^ at a distance 
of 35 cm from the neck with a ’?ensituo directionally alnelded ^nmraa tube (S^lvania) 
Tlie background’ (from cxtrathyroidal tissues plus co<?mic and other extraneous radia 
tion) was calculated b> couiitiug over the lower thigh this was subtracted from the 
thjroid count The resulting net count was compared with that obtnned under similar 
geometric conditions from a suitable aliquot of the original solution 

One milliliter portions of urine in umfoim glass \ials were counted with the gamma 
tube through an orifice la the shield and compared with equal 'volumes of suitable dilutions 
of the original solution Since the bottoms of the vials were m contact witli the metal 
tnhe surface, e-xcelJcnt reproducibilitv and ensitivity (27,2 net counts per second per 
microcune) were obtained 

Two tenth milliliter abquots of serum were pipetted onto flamed, 1 inch copper planch 
ets, each of which was partially covered with a smaller disk of thm absorbent paper Since 
the planchets wore grease free and were coated with cupric oxide, the liquid was absorbed 
umformly into tlie paper After slow drvmg wnth an infrared lamp, tho serum formed an 
evenly adherent film, tho area of which was limited to that of the paper circle The 
preparations were permanently mounted bj covering with Scotch tape Standards were 
prepared by evaporating suitable aliquots of petroleum ether solutions of the original 
material m tlie same manner, self absorption was equalized by addmg identical amounts 
of serum The samples were counted with a thm window Geiger Muller tube 

Two uullilitora of serum wire diluted precipitated with zinc sulfate and the excess 
sane precipitated 'with alkali b} the method of Somog>i Five milliliter portions of the 
supernatant (equivalent to 0 5 ml scrum) were evaporated onto disks and the radioactiv 
ity was compared with similarly prepared standards as described Since the lipids were 
precipitated 'with the proteins, tho radioactivity m the watery fraction of tho serum repre 
seated inorgamc iodine 'which had been removed from tlie fat By subtraction of this 
‘ water soluble ’ portion from tho total, a fraction designated as the lipid Iisi ’ was 
obtained 

In seven patients tlte sera were separated by means of Bloor’s solution and the radio 
activity was determined m the lipid and water soluble fractions of this extract There 
was in general agreement between tlie results obtained by this proedure and tho former 
one However there was usually slightly moro radioactivity in the portion resultmg from 
petroleum ether extraction of the dried Bloor s extract than wlicn this lipid fraction was 
calculated by subtraction Because of tlic greater simpbcity of the zme precipitation 
method it was used exclusively later 


RESULTS 

In ten uoiinal subjects the pattern of absorption and disposition Mas con 
stant The concentiations of total I”* in the serum weie greatest at three to 
SIX hours following the meal aud slowly decreased after this time The peaks 
m both the '‘total 1“^ ^and' Iipid cun csoecuried simultaneously (Fig 1) 

These Ie\els of total radioactivity ranged fiom 0 4 per cent to 0 6 per cent per 
100 ml of serum, whereas the highest concentrations of the ‘ hpid ' fractions 
'aned from 0 20 pei cent to 0 47 per cent per 100 ml of serum 

The accumulation of ladioactivity by the thvioid glaud \anud from 10 
to 25 pel cent in twenty four hours (Fig 1) Althougli appreciable, this was 
somewhat less than the aveiage collection of a dose of viorgamc admmistered 
for the purpose of ascertaining thyioid function ® Likewise, the excretion m the 
uiinc of 15 to 48 per cent of the ingested radioiodine by the normal controls 
m twenty foui hours was distinctly less than if the niateual administered had 
been inorganic iodine 
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Fig 1 — Cuives showing the fate m a noinial subject of ladioiodme ^■’ftoduced into the 
bodj as labeled fat The time In hours following the ingestion of the fat is pioiteu 

on the abscissa Vlong tlie left ordinate arc plotted the concentrations of radiractlMti aua ne 
on the serum vaiiatfons in these values aie indica*'ed by the solid lines Tlie biouen nnt» 
show the percentage of administered radioacthitv which was excreted in the urine and coiiecitM 
bj the thjioid (right vertical scale) 



V c ** o o IV 12 14 

hours „ater solub » 

Fig 2 — The \arlation with time of the fraction of the 

portion of the serum The sera were fractionated as described in i circles slio' 

I™’ is plotted as per cent of the total ladioactivitj The „les denote a (and 

values in four normal subjects while the broken lines and open c normal oo per 

Idiopathic hjperlipemia (3) and the nephrotic syndrome (i) rn 6U m 

in the patient with idiopathic hyperlipemia [3]) during tlm first normal diic oil 

cent of the radioactivity was in the water-soluble of the to sOieO 

sharply decreased during the next one to two houis as absorption^ n^xt four por 

reached a maximum and returned slowly to the '^,’““( 1 , ,ty in tlie "Uffr. X iiours- 

hours In the hyperlipemlc patients the Percentage of radioactlv ty^^ two 

tion of the serum remained low throughout the rest of the tes 




^nSOBPTION VND DISPOSIIIOS OP ORM LUSFLFD F \.T IN AI VN 1637 



Fig 2 --The abaoriition and diaposttion of labeled fat in a patient xvith the nephrotic 
sjndrome. The data are indicated as In Fig X It will be seen Uiat Uie concentrations oC 
radloactivitj in the serum prlncii nllj In the lipid fraction arc much greater than normal 
the decrease In these high Ie\cls la abnoimall> slow Tlic excretion of I In the urjne nnd Its 
accumulation in tlie thjroicl <ispcclall> during the eari> lours of llic test are also somewhat 
slower than normal 


The changes in the latio ot seium inoio'^nic to ‘lipid ’ iodine also were 
uniform (Pig 2) During the one to two hours fiom 60 to 90 pei cent of 
the was in the watei soluble (loifion Latei as absorption of the lodmized 
olive oil piOoiessed the size of the iiior^omc fiaction decieased shaiply then 
giaduiUj leturncd to the high \alues duiing the ensuing eighteen horns 

In thiee patients with huh serum neutial fat levels (two subjects with 
‘ idiopathic' h} peihpemu and one individual with the nephrotic sjndiome) 
the peak ‘ lipid values were two to five times uoimal * Theie was an ab 
normally slow deciease in the i adioactiv itv dining the twenty four hours fol 
lowing these Ingli values A laiger tlnn noimal poitiou of the ladioiodine re 
mamed in the lipid fraction (Fig 2) and the accumulation of ladioactivitj in 
the tUvioid and the e\cietion of the iTdioiodine in the \uinc weie dbnorinaU> 
slow also (Fig 3) In one patient with hypercholesterolemic \anthomatosis the 
tcjt was iioiinal In one case of spine the highest serum concentiations of total 
1“^ were about one half noimal The unnurj exciotion and thyioid collection 
were coiiespoudin^ly low, but thcie was a noimal relationship between the 
inoroamc nid ‘lipuV fiactioiis in the seium Tt all times 

DISCUSSION 

It should be emphasized that the procedure under discussion vs as not a “tol 
‘ 1 ance test ’ ’ in the usual mcaniiig of the tei m The amount of oil administf i cd 
was nevei more than 5 Gm , tins scived to label the fat being absoihcd fiom 
the meal eaten witli the tncei as well as that alicadv in the blood stieam 
Olivo oil contains about SO per cent gljceiol tiiolcatc and about 7 pei cent 
trilinoleate The foimer of these 18 carbon fatt> acids possesses one double 
bond between the 9th and 10th carbon atoms, while the latter has two such 
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bonds The satuiated compounds tiistearate and tiipalmitate compuse tlie 
bulk of the lemaindei of the lipids of the oil 

As a lesult of lodination the ladioiodiue was fiinily attached at the double 
bonds 111 the unsatuiated fatty acid chains, the piocess used A\as sinnlai to tbe 
familial method foi deteinunation of the “iodine iiunibei” of fats Iii oidei 
to be ceitain that this iodine was oiganically bound, petioleum ethei solutions of 
the oil in each lot weie lepeatedly e\tiacted with watei , no ladioactmty was 
detectable in the aqueous phase 

It may he accepted as pioved that the iodine collected by the thyioid gland 
IS in the foim of the iodide iou“ The identity of the iodine excieted in the 
uiiiie by the subjects in this study has not been deteimnied, although it is eu 
tiiely likely that it is in the same foim The i adioactivity in the watei soluble 
poltion of the seiiini and that collected by the thyioid and excreted in the iiiiue 
lepiesent iodine which has been lemoved fiom the fatty acid skeleton during 
the piocess of metabolism, these fiactions piovide an index of the late of utiliza 
tioii of the lodinated fat 

In this study, fiom 50 to 73 pei cent of the administeied ladioactnitj was 
collected iii the thyioid gland and excieted in the uiine of noinial subjects dur 
mg the twenty -foul houis fiom the beginning of the test, with appioximatelj 
one-half these amounts accounted foi during the first six hours These figures 
indicate the extent of degradation of the fatty acid skeleton of ingested neiifra 
fat which normally occurs in men, either as a preliminary to storage in tlie 
fat depots or, much more likely, for production of energy The chaiaeteiistic 
appear diiee of an appreciable portion of radioactmty in the water soluble iiac 
tioii of the serum during the early hours of the test suggests that a small amount 
of breakdown may have occurred during the piocess ot absorption fiom t c 
gastrointestinal tract 

That a similarly rapid metabolism of inti avenonsly admnnsteied neiitial tat 
takes place m the rat has been lecently demousti ated by Geyei and cowoi e^ix 
and bx Leiner and associates- The latter group used a 16 caibon fatty 
(as tiipalmitin) with the 6th caibon atom labeled with C“, as mnci 
per cent of the injected C^'‘ xvas found in the expired an m txventy-four lou^^ 
The type of fat admuiisteied and the position of the labeled atom 
identical in the experiment of Leinei and co-woikeis and m the 
Howexei, the euix'es representing the sum of niinaiy excretion P 
accumulation of I^^^ in the normal subjects in this study closely lesem 
depicting the cumulatixe excretion of C“0_ by the rats ni the expeiime 
Leinei, Chaikoft, Entenman, and Dauben 


SUlIXIARX 


Characteristic curves of absorption and utilization of |jv tlie 

of lipid taken by mouth by subjects on a mixed diet were demons 
use of mrsatuiated fats lodmated wnth The proportion of t le a^ 

radioactive iodine which x\as collected by the thyroid and excie e m 
as well as the magnitude of the water-soluble portion m the seiui , 
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the extent of bieal do\\u of the labeled fat Untlei these ciicumstances lu noi 
leal subjects degiadatioii of fiom 50 to 73 pei cent of tJie oiallj aduinusteied 
lodinated fat took place vvithin twenty foui liouis Subjects with ‘idiopathic’^ 
hjpeilipemia and the nephrotic sjwdioiue utilized the labeled Iipid much moie 
slowlj 
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THE EFFECT OF SPLENECTOMY ON THE TOXICITY OP TO 
THE HEMATOPOIETIC SYSTEM OP MICE 


LroN 0 J ■vcoBsoN, M D , Eric L Sijimons, Ph D , and 
JIatthew H Block, M D , Ph D 
Chicago, III 

INTRODUCTION 

R adiostrontium (Si®-*), a /S-iay emittei with a fifty-five day half life, 
winch IS physiologically intei changeable with calcium, localizes laigely in 
bone soon aftei enteial oi paienteial administiation ^ “ The mniimiim nitia 
peiitoneally aclministeied dose lequned to piodnce a significant leucopenia 
in CP-1 female mice-' was found by Simmons and JacobsoiP to be about 0068 
iniciocuiies pei giam of body weight Howevei, this leucopenia was lela 
tneh tiansient Biues and eo-woikeis® have lepoited that bone saicoiiias aie 
leadily pioduced in this stiain with this dose Although a seveie and pei 
sistent leucopenia developed aftei an intiapeiitoneal dose of 2 0 miciocuiies 
pel giam of body weight, no significant anemia occiuied' In a pielimnian 
expel imenp histopathologic examination of mice saeiificed at inteivals aftei 
injection lei ealed much depleted oi aplastic bone maiiow, wheieas the spleens 
contained a lemai liable inciease in eiytliiocytopoiesis The fact that anemia 
failed to develop undei these eii eumstances was consideied to be dnecth 
1 elated to the lapid development of an intense ectopic eiytliiocytopoiesis m 
the spleens of the ladiostiontium-tieated animals Accoidinglj'', an e\pen 
iiieiit of gieatei scope, as desciibed in this communication, ivas undei taken to 
deteimine the validity of this concept 


MATERIVLS AND METHODS 


Young CP 1 female mice were duided into three groups of fifty or more 
as shown m Table I The mice in Gioup I were splenectomized, those in Group 
a single intrapeiitoneal injection of 2 0 mieiocuiies of Srso per giam of 
the mice m Group III were splenectomized and later injected with a dose ,va'' 

per gram of body weight A fourth group of animals not included m Table , 
neither splenectomized nor giien Srss, was used for base Ime hematologic histologic 

this group animals were sacrificed at intervals to serve as normal leference for umln 

studies Splenectomies were performed in Groups I and III while the amnia s 
ether anesthesia Twenty four days after splenectomy, SrS® was of m 

toneally to the animals in Group III The average weight of the mice at ^ 

jeetion was 20 grams A second injection of 2 0 microcuries per gram was o j^jettion 
lesentative number of animals in Groups II and Ub days after and IW)' 

Although a leucopenia of moderate degree persisted at this time in both groups ^ 

the animals in Group II which had been subjected to splenectomy and receive 

ersity of Clilcoeo 

From the ArRonne National Laboratory Department of Medicine n v 
and The College University of Chicago to^rapldo Depo'‘‘''“ 

The photomicrographs w ere made by Jean M Crunelle of the P lo ° 
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TABI^E I GeNERAT bCUBMATVOi EXPERIMENT 


GROUP 1 

NUMBER OF | 
ANIMALS 1 

TREATMENT 

1 PERIOD OF OBSERVATION 
VFTER ORIGINAL SRSO 
INJECTION 

I 

51 

'splenectomy only 

282 days 

ir 

63 

Dijeeted intraperitoneally with Srso 
m a doso of 2 0 microcuries per 
gram bodv weight 

-82 days 

III 

70 

bpTeneetomy plus &r®9 (2 0 micro 
curies per gram body weight) 

283 davs 


Selected aulmala In Grouos II and III ^^erc reinjected with a dose of 0 microcuries ner 
gram bodj weight 110 da>3 after original Injection 


reco\ered from the anemia The puipo e of the bccond injection of was largelj to 
determine whether or not compensator\ ectopic er\throc\topoiesis was sufticient in the 
splencctomized mice to prevent or minimize recurrence of anemm 

Preparation of radiostrontium Dtslnhulion and rxcretion Studies — Vs his 

been de cribcd el ewhere the solution of radiostrontium was composed of Srso and Sr“o 
brso has a fift) flie da's half life and a luaMmum energv of 1 7 me\ which represented 

3 to 0 per cent of the initial stock solution on arrival from Oak Ridge has a half hfe of 
circa tlurt) jears and a maximum energy of 0 6o mev The final preparation for admini tra 
tion was strontium chloride in isotonic solution The greatest part of the radiostrontium 
excretion occurred during the first three dav and after ten to fifteen da>s virtualh no more 
of the retained fer^o was excre pd The average total excretion values were j 4 per cent of 
the injected dose Vverage total retention values were 4 d per cent of the injected dose 
By the third day after injection almost all of the retained Srsj was deposited in the skeleton 
fietention of Srso tn the spleen was as follows 

First 24 hour — per cent/gram 

24 to 72 hours 0 04 per cent/gram 

3 davs to 3 mouths 0 02 per cent/gram 

In other soft tissues of the bod^ the amount of radiostrontium per gram remaining after 
three days was well under 0 1 per cent of the injected dose 

Hematologic Studies —Studies of tho peripheral blood were made on all four groups 
Theise studies included determinations of the hemoglobin m grams per 100 ml (photoelectric) 
eruhrocytes and leucocytes per cubic millimeter leucocyte differentials (Wright s stain), and 
reticulocytes per cubic millimeter and in per cent (brilliant cresyl blue) Blood for study 
was drawn from the tail vein 

Control hem itologic determinations were mude on all animals after whn.h splenectomy 
was performed on animals in Group I and lU Twenty four days after splenectomy Sr**® 
Was mjcctcd intraperitoneally into tho animals in Groups II and III Repeat hematologic 
determinations were made on all animals seven days after th© original Sr^c injection and 
thereafter at twenty one day intervals Viler the second injection of Srs« in selected animals, 
hematologic studies were made at less frequent intervals 

Htstologio Studies — Vnimals prepared as described were sacrificed at intervals through 
280 days after Srao ejection for histopathologic study In addition, random animals m all 
kroups on which hematologic studies were being conducted were sacrificed at various intervals 
Tina latter procedure was followed m an attempt to correlate more closely the peripheral 
blood studies with the actual lustopatUologic state of the blood forming tissue 

Tissues taken for study included skin, lung small intestine (with Peyer s patch), 
adrenal, kidney, hvor spleen thymu lymph node and bone marrow (femur and vertebric) 
The tissues were fixed m 2 cuker forrool embedded in -0 per cent nitrocellulose sectioned at 
8 n, and stained with hematoxylin eosm sj-ure II 
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RESULTS 

Hematologic Studies on the Peiipheial Blood — 

(a) Effect of Splenectomy Alone The mean leucocyte value in the peiiph 
eial blood of spleneetonuzed mice lose aftei splenectomy to stabilize between 
14,000 and 22,000 pei cubic miUimetei duiing the peiiod of obseivation 
(Pig 3) Splenectomy alone leduced the hemoglobin and eiythiocyte \alues 
slightly dm mg the fiist thiee weeks aftei splenectomy, but theieaftei, as is 
shown in Figs 1 and 2, no appieciable fluctuation occuiied 



7 28 49 70 91 112 133 154 175 196 


TIME AFTER INJECTION (days) 


, , 1 —The effect of a single injection of 2 0 microcurles of ‘intv ffmr "» 

body weight on hemoglobin values of normal mice and mice splenectomized t injection 

prior to Sr*® One hundred nineteen days after the original injection J croups which 
of 2 microcuries per gram body weight was given to selected animals from the I'vo e 
originally were injected with this isotope 


(b) Effect of Si^^ Injection on Leucocytes of Penpheial Blood 
peiitoneal injection of 2 0 micioeuiies of Si®® pei giani piodiiced a coinpa 
degree of leucopenia in animals with an intact spleen and m amma s 
previously had a splenectomy (Fig 5) As is shown in Figs 4 
initial injection of Si®® i educed heteiophils and lymphocyte values v 
36 pel cent, lespectively, in twenty-eight days The mean heteiopn 
of Si-®®-injeeted animals which had intact spleens letuined to (lie 

level in about foity-nme days and theieaftei was actually higiei 
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control \alue The mean heteroplul value of animals which had been splenec 
tomized and Mere given Si®® letmned to the noimal control or preinjection 
level in se\entj da>s Tlie hTiiphocvte icduction after Si-®® injection vas sus 
tamed in the animals vith intact spleens and in splenectomized animals In 
animals to which a second uijeetion of Si®® Mas gneii 119 davs aftei the first 
mjectiou, the leduction m heteiophil and lymphoevte values was gieatei and 
more persistent in the splenectomized mice than in the intact mice (Figs 4 
and 5) 



Fig •> — The effpct of a single Injection of 0 microcuries of radiostrootlum per gram body 
Weight on erythrocyte values of normal mice and mice splenectomized twerit> four prior to Sr** 
One hundred nineteen days after the original Sr** Injection a second Injection of « mlcrocurles 
per gram body weight was given to selected animals from the tno groups which orisiaally trerc 
Injectel with this fotope 

(c) Effect of Sr” Injection on the Hemoglobin and Erythrocyte Values 
of the Peripheral Blood No anemia of sigiuficante was produced in mice ivith 
mlact spleens to winch Sr®” was gnen by intrapentoueal injection On the 
other hand, splenectomized mice injected with 2 0 miciocuries per gram de 
t eloped 1 significant anemia in twenty eight dajs which persisted through 
seventj dajs, hut with reeoiery in 119 dajs (Figs 1 and 2) Selected ammals 
wnth an intact spleen and animals which had been splenectomized weie giren 
a second injection of Sr'" (2 0 mierocurics per gram) 119 days after the 
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oiiginal injection As aftei the initial Si^® injection, the mice with mtact 
spleens developed no anemia, wheieas the splenectomized gioup developed a 
piecipitons 1 eduction in both hemoglobin and eiythioeyte values Although 
leeoveiy fiom the anemia pioceeded in the splenectomized gioup, the anemia 
lecuiied between the fifty-sixth and seventy-seventh day aftei the second in 
jeetion at which time all the lemainmg animals died oi weie saciificed foi 
study (Pigs 1 and 2) 



TIME AFTER INJECTION (doys) 

Fiff 3 — The effect of a single injection of 2 0 microcunes prior to 

ivelght on leucocjte \alues of normal mice and mice j ,„ipption of 2 mipiV 

Sr®” One hundred nineteen dajs after the original Sr” injection a s^°na } groups ^vhich 
curies per gram bodj weight ■nas given to seiected animals from m 
originally were injected with this isotope 


(d) Effect of on Reticulocyte Values of the Peiipheral B oo 
foi contiol studies no leticulocyte deteimmations veie made uiiti sei e 
aftei SP“ injection, but at this point the leticulocvte actually 

weie splenectonuzed only and those which veie given Si^® o y „*{Q„jized 
iisen, whereas the leticulocyte value of the gioup which vas hot sp eiie^ 
and stiontium-tieated had fallen significantly Eeiujection o jptact 

days pioduced no i eduction in the leticulocyte value of injection 

spleens A reduction compaiable iiuth that seen aftei the ew 

oceuiied, howevei, this was limited to splenectomized mice .g^j^iations 
dent in the section on histology which follows, moie fiequeii 


HETEROPHJLS (JO® x cetlsycu mm) 
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of the leticulocjte ^ allies of all the gioups Mould ha\e been of importance 
fioni the point of ^ iei\ of con elation 
Histopathologic Studies — 

(a) Ohseiiations on Lymplmixc 2 issue After ‘Single Injection of No 
consistent difference in size of the spleens existed betMcen Si®-' injected and con 
trol mice Minch weie baeiifiecd duiiiig the 280 daj peiiod Howe%er, an ef 
feet Mas obsened in both the Mhite and led pulp of the spleen in animals sacri 
ficed thice da'^s aftci fei®® treatment This eaily effect consisted of a de 
Cl eased celhilaiit> of the uhite pulp and a marked hyperplasia of ectopic 



Fig- 4 — The effect of a single Injection of 0 microcuries of radlostrontlum per gram bod> 
on heterophil ^aIues of normal mice and mice splenectomizetl twenty four days prior to 
Nr* One hundred nineteen da>s after the original Sr“ injection a second Injection of 2 mlcrocu 
ri^ per gram body weight >\as gi\en to selected animals from the two groups which origin 
an> were Injected with this isotope 

erjthiocytopoiesis and megakaryocjtopoiesis in the led pulp eetopie gianulo 
cytopoiesis was piactically absent at this stage Only a few scattered matuie 
granulocyteb could be found There a\as little evidence of destructne efifeets 
howevei, for theie was no obseiaable iiicicasc in pigment or debus filled 
maLiophages or pjknotie nuclei at this stage as conipaied uitb the spleens 
of control mice The spleens of eontiol mice usually contained small foci of 
ectopic eiythiocytopoiesis gi airaloey topoiesis and megakaryocy topoiesis scat 
tered about in the red pulp The eiy throcytopoiesis in the spleens of the Sr*" 
“ijected animals, however was diffuse and intense at three days and consisted 
of predominantly large hemoeytoblasts basophilic ery throhlasts, and a Ic'scr 
number of moie mature forms 




LYMPHOCYTES (lO® x cells/cu mm) 
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The nunihei of young megakai yocytes in the spleens of Si®“-nijected mice 
thiee clays aftei injection was gieatly above that of the contiols This intense 
eiythioeytopoiesis and megakai yoe^topoiesis peisisted in the Si^^-injected 
animals at all the peiiocls of examination thiough 280 clays Photonncio 
giaphs of the spleens of Si®®-injectecl and contiol mice at mteivals of thiee, 
twenty-nine, foi ty-five, and ninetj'-two days (Pig 6) illustrate especially the 



TIME AFTER INJECTION (ddys) 


Flo S — The effect of a single injection of 2 0 microcuries of mdiostionUum per 
weight on lymphocyte values of noimal mice and mice i»P^6nectomlzea 2 micro 

SrS® Onf» hundred nmistppn dnv« nfl-pr thp original Sr®^ injection a SCCOncl inj /srlfrinalli 


Sr®® One hundred nineteen days after the original Sr®® Injection a 
curies per gram bodv eight was gi\en to selected animals fiom tlie two gx 
uere injected with this isotope 


which original!) 


degiee of erythiocytopoiesis at these stages Fig f illustiates e ^ 

packed eiythi oblasts in the led pulp at some of these stages a a s 

gieatei magnification ofnnce 

No mciease ui ectopic gianulocytopoiesis was obseived m 
saciificed at mteivals of thiee and eight days aftei injection ^ 
gianulocytopoiesis became appaient in tivelve days and inciease 
imum between foi ty-five and mnety-two days In fact, m (.^poiesis 

examined duiing the foity-fifth and ninety-second days, giaim 


was qualitatively as intense as eiythioeytopoiesis 

Changes m the white pulp m the spleens of .gtion I" 

01 less imiveisal at all stages studied fiom 3 to 280 clays ^ ex 

noimal mice the Avhite pulp occupies ciica 50 pei cent o 
eept foi the distinct lymphatic nodules, blends giaclualy 
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The splenic white pulp of the Si^“ injected mite ilmost without c\ceptioii 
occupied less space than the led pulp and was distinctly sepaiated fiom the 
intense eiythiocytopoictic and gnuulocy topoietic led pulp hy a zone of rela 
ti\e acellulauty consisting laigeh of leticiilai cells (Iigs 6 and 7) The de 
crease in cellulanty of the white pulp was olsoned especially in the eailj 


MOUSE RodloMrontlum ISf") Splenectomy Senes 
Dose - z<s|jc per grom I p 



Time In days 3 6 49 92 



stages aftei lujection (le tliice, si-x tuche, fifteen, tneiitj one and tuentj 
nine days), but the -itiopby which peisisted, is illustrated in the pliotoniicro 
graph of the ninety second day specimen (Fig 7) 

(h) Lymph Nodes Peyer s Patches of Intestme, and. Thymus Ljniiph 
nodes fiom. the loot of the mesciiterj and Peyei’s patches fioni the small 
intestme fiom all animals saciifieed weie studied in contiol and &i“’ injected 
groups As opposed to the white pulp of the spleen of injected aiiimaLs 
in which atiophy, ledueed eellulaiitj and alsence or diniimition in the mini 
her of aetne Ijinphatic germinal eenttrs weie oliseried, tlit Ijmph nodes and 
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Fjg 7 — Photomicrogiaphs of normal spleens and the spleens of Sr“-jnJecteil 
selected areas at a higher power to Illustrate the intensity of the ectopic heniato^iwi^ 
red pulp and the depletion of cellularitv in the white pulp of Sr“-in}eeted animals (Hemato^> 
eosin-azure II low power X15 high power X70 ) 


Peyei’s patches appealed essentially noimal and the geimiual ceiiteis weie 
active Giamiloejtopoiesis, eiythioeytopoiesis, and megakaiyocytopoiesis 
tveie definitely inei eased in the medulla of the lymph nodes of some of tie 
Si®®-injeeted mice as compared with contiol mice This inciease ni ectopic 
hematopoiesis in lymph nodes was obseived as eaily as fitteeii clays aftei m 
jeetion but was iiioie pioiiiment in latei stages No uiciease oi deeieasem 
plasma cells m lymphatic tissue was obseived No histologic changes v nci 
could be diiectly attnbuted to Si®” weie obseived in the thymus 

(c) Obse)vahons on Lymphahc Tissue Aftei Second Injection of S; oi 
119 Days Only a lelatively few stages weie studied These iveie at ee > 
twenty-foui, and seventy -seven days aftei tlie second injection 

The histologic effects as fai as lymphatic tissues were eoiieeined 
again limited to the spleen The lymph nodes, Peyei’s patches, 
thymus appealed essentially noimal except foi a model ate inciease m 
locytopoiesis, megakaiyocytopoiesis, and eiythioeytopoiesis m e 
nodes At the time of the second injection, the eijThiocyte am 
valnes weie essentially noimal in both gioups of mice winch a 
leceived Si®® (Pigs 1 and 2) The maiked ectopic eiythiocytopoies^ spleens 
kaiyoeytopoiesjs, and giannlocytopoiesis, howevei, peisisted m 
of the Si®®-injeeted animals saeiificed at 119 days at a time eonipai 
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that Tt nhieli selected inimals leeeucd i second &i”” injection Althougli 
moderate atiophy of the ivlnte pulp Y\as also appnient at this tune active 
Ijinphatic geimiml ceiiteis veic pieseiit and in genei il the white pulp was 
more cellulai than in eailiei stages 

By the fifteenth daj following the second injection of Si-”’ ectopic eiyth 
locjtopoiesis, niegakarj ocj topoiesis and giaimlocyfopoiesis weie moie intense 
than at the 119 daj stage Ectopic giaiiiiloci topoicsis howeiei was only 
iiiodeiate in degiec Again as aftei the flixt injection ot Si”” little evidence 
existed of actne cellulai disintegi atiou in the foiiii of pyknosis kaiyoiihexis, 
01 phagocytosis The white pulp which showed iccoieiy to sonic extent aftei 
the ouginal injection of Si”“ at 92 and 119 dais in that it constituted a nioie 
iioimal peicentage of the splenic tissue and was iicher in medium and small 
lymphoej tes, again was ledueed in amount with a depletion of Ijmphocytes 
111 the peiipheij of the white pulp fifteen dais aftei the second injection In 
the two othei stages studied following the second injection namely twenty 
foil! and seienti seien days the iccoiciy of the white pulp was only iiioder 
ate, atiophy and decieased cellnlaiitj peisisted 

lU was tiue aftei the initial iiijeetioii of '4i’” essentially ‘inaxniiuni” 
iiicioased ectopic eiythiocy topoicsis and iiiegakaivoiitopoiosis weie ippaieiit 
fifteen days attei the second giaiiuioci topoicsis was piogiessiiely moie intense 
at the twenty foiii and seienti seieii dai stages Pigment filled uiaciophages 
scattciecl throughout the led pulp were mci eased in nunihei at all stages 
studied aftei the second injection 

fdj Obsei vatioiis on Bone Uanoii Affc>’ a Sin(jh Si”® Injection The oh 
servations made on hone and hone niairow aie hunted to the effects of Sr”” on 
hematopoiesis iii the mariow spaces A vertebra and a fcmui were taken foi 
study fiom each animal sacrificed Since the effects of Si'” on lertebial oi 
feuioial mallow weie essentially compaiablc in the mice with intact spleens 
and 111 those that weie splenectomizcd prioi to the injection, no attempt to 
difteieiitiate between the two gioups will he made in the desciiption of mai 
low changes In general the destiuctne effects of Si'” on hematopoiesis were 
compsrahle in femoial and aeitebial maiiow in that if complete or paitial 
atiophy were found in the entiie femui the condition was also pieseiit in the 
lertebial hone marrow and vice \eisa Ilowciei modeiate deciease in cellu 
larity with or without fibiosis was not infiequently foiuid in the metaphyseal 
legion ot the femur immediately adjacent to the epiphyseal caitilage wathout 
evidence of such localized changes in the vertebral marrow The destiuctii e 
effects of Si" and the subsequent depletion of the noimal hematopoietic cells 
weie most seveie m the metaphyseal icgioii of equal or slightly less seienti 
111 the epiphyseal inaiiow and least iii the diaphysis of the feniui In some 
mstaiices essentially complete depletion of normal hematopoiesis was found in 
the entire femoial and veitebral raanow spaces of mice sacrificed at fifteen 
tiuough eighty days In otheis although gcneial cellulaiiti of the femoial 
fiiiphysis and vertebial marrow space was ledueed complete depletion was 
present only lu the metaphyseal and epiphyseal legions of the bone 
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111 spite of the celhilai depletion that occuiied aftei Si®“ inoeetiou, no 
stage studied eithei in feiiioial oi veitebial maiiow showed cleai cut his 
tologie evidence oi iiici eased death oi cells The nnnibei of pykiiotic nuclei and 
uiaciophages filled with paitienlate debiis did not exceed that that was ob 
seived in eontiol mice A luaiked depletion of cells in the epiphyseal and 



Tima In days ^ 


21 


49 


92 



Pig S — Photomicrographs of normal femoral inanon and of “L®*. the depletion of 

at larlous intervals after the Sr*® injection These photomicrographs inu^srram yi ^ ,l,e 
normal hematopoietic cells in the epiphyseal and nietaphjseal regions mtn pariim 
diaphjsis of some animals IHematoxylin-eosin-azuic II, X15 ) 


metaphyseal inaiiow space of the fenini ivas pieseiit tluee days a tei u 
tion The geiieial celliilaiity of the diaphysis of the femui as uell 
veitebial maiio-w space Mas modeiately deeieased In the epipijs 
metaiihy^seal legious of the feinni only a few scatteied hetei op n s, 
cells, and laige lymphocytes leiuained at tins stage, wheieas cl a o depleted 
spaces and inci eased fat cells filled the aiea Distally fiom t 
metaphyseal legioii, the cellulaiity ot the mairoM" giaclually pf 

diaphy^seal maiiOM vms diffusely cellulai hut distinctly less so 
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»Ith sSe%teV^e\°i°S‘a’hf|h??PowertTiniSrte Uw li^ c,f 

by flb^ua tJsml foi tneiS one dnis after s Injection and the residual cellular depletion In 
the Sph7s!? ninety "nS days iter St- Injection (Hematoay lln eosln azuro II loyv power 
X15 high power X70 ) 

normal control mice Tire vascular spaces in tins part of the marrow at three dajs 
were conspicriously dilated megal aiyocj tes "were fewer in number and 
erythrocytopoiesrs was definrteiy decreased The remaimng cells were thus 
largely composed of the precursors of tire granulocj tic senes 

The ■^ei’tebial nianow "was comparable rvitli that of the femoral diaphysis 
St this stage At six dajs the findings were essentially the same as those for 
the three daj stage (Fig 8 E) The degiee of mairow depletion \aued con 
siderablj from animal to animal at \arious time intervals after injection In 
r’lg 8, F the femur of a mouse satnficed tueiitj one dajs after injection is 
shown In this specimen oulv fat and dilated vaseulai spaces filled with 
erythrocytes remained In two other mice sacrificed at this same interval 
the epiphyseal and metaphyseal regions of the femuis v\eie largely depicted 
of cells, the diaphyseal portions contained about as many hematopoietic ceils 
the contiols In still anothei mouse sacrificed at this interval the vertebral 
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"ells 

atinous aieas, wheieas the motnr.L^ i ’ vasciilai spaces, and gel 

leplaeed by fibious tissue (Fi- 9 completely 

clays aftei Si- mieetiou the fenW f f. 

seal poitions of the femoial maiiow ^ ® metaphj, seal and epipliy 

9 , The shaft 01 clfaXsirp^til ^ 

appioached moie noirm) hn + feniiii and the veitebial maiiow 

amount of fat and the d iJi I^ikewise, in these stages the 

ot tat and the dilation of the vasculai spaces became less conspmuous 

animals weiTgiveTa sTenfT^ Aftei Second Si^^ Injection Selected 

At this time ™ 1 thefhstmaection 

oiiginally leeeived Si- T?ec i i existed in eithei gioup lyluch had 

epiphyseal and metnr>B i Paitial eellulai depletion oi fibiosis in the 

but the ctXle ^ i'f this stage, 

a sefoml sTs=> T, ? ''' that weie giyen 

aftei the imeet ^ ^^tcen, twenty-foui, and seventy seven days 

the same as thnt°^i 10 effect on the manow of these mice was essentially 
that the numhl com 2 jaiable stages aitei the hist injection except 

leinjeeted animals'^ P^gaient-filled maeiophages was slightly incieased in the 

not ^ff<^ct of Si ® on Other Tissues 01 Oigans The tissues 01 oigans, 

testine 1 ^scussec , wliicli wcie studied weie slnn, liuig, adienal, small in 
emdd ho cytologic evidence of destiuctive effect vhieh 
anTmnl ?T ^1 noted in these organs 01 tissues In an occasional 

' been given a single injection of Si**® 01 lenijection with a 

paia e c ose of Si®®, ectopic eiytluocytopoiesis was found in the livei and 
acli enal In each instance, ho wevei , this was minimal 


DISCUSSION 

In spite of the extensive eellulai depletion that develops in the bone 
maiiow of mice injected with Si®® in a dose of 2 miciocuiies pei giam of body 
weig t, no anemia develops Intense ectopic eiytluocytopoiesis occuis with 
sue lapidity in the sjileeus of these mice that the steady state of the cnenlat 
iHq eiythiocytes lemains essentially noimal Splenectomized mice, on the 
othei hand, develop an anemia aftei the injection of this dose of SF® because 
0 tie fact that compensatoiy ectoiiic eiytluocytopoiesis in tlie spleen is not 
possible and its development in othei potential sites is not adequate Inci cased 
ectopic megakaiyocvtopoiesis in the spleens of Si®®-injected animals oceinied 
as lapidly as ectopic eiythiocytopoiesis, but since platelet deteimuiations on 
the peiipheial blood weie not peifoimed, no statement can be made "dh 
lefeience to whethei 01 not this compensation was sufficient to pi event plate 
let 1 eduction In expeiiments suggested by the lesults 1 elated m this com 
mumcation Jacobson and associates- shoivcd that lead piotection of the 
suigieally moliilized spleens of mice duiing the admmistiation of 600 r x ladia 
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tion to the balance oi the hof]\ oh\iat€c! the <le\ eloimient or anemia and srg 
nificanth reduced the see erite and the duration oi the lencopeiiia and throm 
bocidopenia iihieh regularle rollon the deheen ot this do->e to the whole 
ammal IXestologie studies showed that this phenomenon was due to the rapid 
derelopment of ectopic blood lomiation m the lead protected s])lcens 

jVn interesting problem that has been posed In tht. espenment relates 
to the laet that Ijmphoevtopoiesis was markeelle redneed m the spleens ol 
Sr” injected animals i hereas the h-niphatie tissue in the Iwmph nodes irom 
the root ot the mcscnten the thvmus and m Peeer s patches ot the small 
mtestme was essentiallv unaltered at ans sta^e studied The amount ot Sr” 
lotind in the spleen ot injected animals was minimal twente tour hours alter 
injection and practiealh none vas lound three dass alter injection It ^eems 
unhkeh, theretore that the reduction in h-mphatic tissue in the spleen cn 
tending lor more than ninets dass alter Nr injeetion could be attributed to 
the transient presence oi ‘'r in the spleen Nmtber can one etplam this 
reduction in splenic Uunphocrtopoicsis adequateh on the bases ot radiation 
onginatin„ irorn 'ir ■' deposited in bone sinic one would i\pect other Kunphatic 
tissue (Ivniph nodes etc ) to be after ted m a comparable manner It would 
bo diilieult to esplam the reduttion in htnfihatK tissue in the spleen on an in 
direct bases tor the same reason Mthoueh diiierences in the radiosensitn itv 
01 hmphatic tissTic in lanous site, throu.hout the bode oi the mouse mas 
e\ist, It seems unlikels that such an e'planation is warranted here The 
most plausible explanation tor the decrease in syilenie Isiuphatic tissue is that 
It mas he related to a nutritional competition between the Ismiphatic tissue 
and ectopic hematopoiesis The eoinpeiesators ^lannloejtopoiesis m the 
spleen oi Sr uijected nuce reached a maximum at a time approxiniatels 
comparable snth the time at schich the heterophil-, m the peripheral blood 
returned to normal salnes fioits fise to sesents davsl 

The delas in the appearance oi ectopic granulocytopoiesis m the spleens 
ot these animals STl.._ests that this proce-..-. was suppressed either pnnianls or 
sttondanis that the stimulus lor an intensification or this process was less 
marked or that esen wath a maximum stimulus the spleen had onlv a capaeitv 
for a gradual mteusification oi ectopic graiiuiocc topoiesis 

The lact that anemia recurred m the splenectomized mice alter the ad 
imnistratioii of a second injection ol "sr at 119 davs indicates lairh con 
clusn tU that cetopic cm throes topoicsis m sites other than the spleen is w holh 
inaileciuate to cope with the destruction and suppression ot ercuhrotc topoiesis 
which occurs in the bone marrow The eaentual rccoaem ot splcnectoniized 
mice iroiu the anemia induced bv the first Sr’ injection must theretore base 
been lar(,eh a lunction oi the reco cre ol era throes topoiesis in the m irrow 
spaces 

The laet that histologic eaadenee or dcstiaietion in the bone marrow and 
spleen other than cellular depletion and the late appearance ot pi..mcnt filled 
m icropha^es w is not seen in Nr injected animals should perhaps he com 
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mented Lipon Foi example, as eaily as thiee days aftei Si®-' injection, pai 
tially to essentially complete depletion of hematopoietic cells in the bone mai 
low was seen Only dilated vasculai spaces, fat cells, a few debus filled 
maciophages and occasional plasma cells, lymphocyte-like cells, etc , lemanied 
in the bone niaiiow of some of the animals saciificed at this stage It is likeh 
that debiis-laden maciophages, pyknotic nuclei, etc , would have been moie in 
evidence had specimens been taken eaihei than tliiee days Likewise, ni the 
white pulp of the spleens of Si®“-iiijected animals, active phagocytosis vas 
minnnal even though the geneial cellulaiity was maikedly deei eased iii thiee 
days 

SUlIllARY ^VND COXCLUSIONS 

Kadiostiontiuin (Si®“), a ^-lay emittei with a half-life of fifty-five days, 
IS laigelj deposited in the skeleton when administei ed to the expeiimental an 
imal Although deposition in bone is geneial, the greatest coiiceiitiatioii of 
this isotope iiivaiiably oceuis in aieas of active bone giowth 

A peisistent leucopenia but no anemia of significance was pioduced in 
the peiipheial blood of young mice given a single intiapeiitoneal injection 
of this isotope as the ehloiide in a dose of 2 0 miciocuiies pei giam The same 
dose piodueed a leucopenia and an anemia in splenectomized mice Recoveiy 
fioni the anemia was essentially complete by 119 days aftei the Si®" mjec 
tion Hematopoiesis was maikedly leduced in the bone inaiiow of all ladio 
stiontium-tieated animals within thiee days aftei injection The epiphyseal 
and metaphyseal legions of the long bones weie laigely depleted of cells, oi, 
in some instances, the lattei legions weie completely leplaced by fibious tis 
sue Recoveiy of hematopoiesis in the bone niaiiow of the feuiiu was essen 
tially complete by 119 days except that some cellulai depletion still existed m 
the metaphysis at this stage 

Ectopic eiythrocytopoieses and megakaiyocytopoiesis weie gieatly 
Cl eased in the spleen thiee days aftei Si®® injection as was tiue of all ot ei 
inteivals studied thiough 119 days Splenic lymphocytopoiesis, on the ot ei 
hand, ivas i educed lu thiee days and lecoveiy was not complete by 119 a}S 
Ljanphocytopoiesis was essentially unaffected in othei lymphatic tissues 
(lymph nodes, thymus, etc ) Ectopic gianulocytopoiesis inciease luoie 
slowly in the spleens of Si®®-injected animals, leaching a maximum at cim 
sixty days Ectopic gianulocytopoiesis, megakaiyocytopoiesis, and eij 
cytopoiesis weie not lemaikable m othei tissues of the animals v nc i 
ceived Si®® 

The lapid development and the persistence of ectopic 
ui the spleen pi event anemia in mice given Si ®® mti apei itoneally m a 
2 0 miciocuiies pei giam 
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JAPANESE B ENCEPHALITIS EEPOET OP FIVE CASES 

Lieutfnant (j g ) N P Wyvtt, Medical Corps, United Siates Nav\ 

INTRODUCTION 

^^HE epidemic of Japanese B encephalitis in Japan in the siimmei of 1948 

was of significant inteiest because of the oppoitiinity it afforded foi dnect 
obseivations on this exotic disease by physicians of the occupation foices Fiom 
a panoianiic public health viewpoint, it was essentially of niinoi import as tlie 
actual peicentage of the population afflicted was exceedingly small In view of 
the lapidly expanding geogiaphical confines of the disease, it may piesent a 
diagnostic and theiapeutic pioblem to clinicians in the United States m the neai 
futuie 

EPIDEMIOLOGICAL AND ETIOLOGICAL ASPECTS 

The pill pose of tins aiticle is to point out the clinical obseivations on a 
small senes of five seiologically pioved eases obseived at the Navy^ Dispeiisan, 
Yokosuka, Japan Nevei theless it does not seem amiss to discuss some of the 
features of the epidemiological and etiological aspects 

The geogiaphical distiibution of the disease is lathei yvidespiead, cases hai 
ing been lepoited fiom Olanawa and the neai-by islands, Koiea, Clima, Guam 
(epidemic of 1947), Sibeiia, the Japanese islands, and possibly many othei couii 
tiles of the Pai East ^ ^ 

Vectors — In oui piesent state of knowledge, it is believed that the encepha 
litic viius IS conveyed by a mosquito Inada,'* a Japanese investigatoi, and two 
Eussian woikeis, Petiischeva and Shublada,® have lepoited the isolation of the 
viiTis fiom Culex tntaenioiliynclius and Culex pipiens vai pollens Animal 
leseiwoiis of infection have been discovered in hoises, pigs, goats, cons, and 
possibly spaiiows, but not m chickens^’" It is interesting to note, as demon 
stiated in studies in Japan, that outbieaks among domestic animals may occui 
coincident with no oi few human clinical cases ® Piesuniably'’ epidemic outbieaKs 
may^ occur only when the factors of mosquitoes, animal leseivoiis of infection, 
and human susceptibles exist concomitantly The disease has presented a 
fiuctuating course in Japan, reaching epidemic oi nnnoi epidemic piopoitions 
every few years, a feature probably related to the accumulation of susceptible 
persons In July, 1924, there were 6,125 cases mtli a mortality rate of 62 pei 
cent In 1935, there was an outbieak of 5,370 cases ^ One iiiteiesting 
of the epidemic under discussion is that the conditions of temper atuie an^ 
rainfall weie exceedingly favorable foi the propagation of mosquitoes pim 
to the outbieak of the disease 

Incidence tn Man — Apparently’’, from evidence accumulated from 
sources, the clinically recognizable cases lepiesent only a lelativey 

From the Medical Seivice United States Nav> Uispensaij Yokosuka, -md 

The opinions or assertions contained herein aie the private ones Irfhe nav d service 
uot to be construed as official or reflecting the view of the Nav> Department 
at large 

Receited for publication Aug 12 1919 
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proportion ot the total the inajonu smoMcnn^ under the blanket ot sub 
elinieal or mild clinieal inicetion In 1936 one sear alter a large epi 
demic 83 per cent oi 116 sera tested in Tokso revealed \iru-s neutralizmi, anti 
Iwdies' In 1937, 0 8 per cent oi >27 human ‘jcra obtained from Hokkaido 
Japan, demonstrated these antibodies® Hokkaido is not an epidemic nor an 
endemie area of the disease In 1941 83 per eent oi 104 sera trom Middle China 
possessed neutralizinf, abiiitv against the lapane-e B virus'* and m 1945 90 
per rent of the natives of Okinawa similarh had neutralizing antibodies * In 
1946 a similar phenomenon was lound in the sera of ^7 per cent oi thirtc*cn 
Chinese residents of Shanghai and 89 percent ot nineteen ( hmese residents or 
Tientsin * 

Sabin* reported a moifalitv rate lor the 194> outbreak on Okinawa ot 28 6 
per eent and on the near bv islands e>i Heanva and Ilanialiika 30 6 per cent 
Vmong ^Vmeiican mihtarv lorets on Okinawa m 1947 there were two deaths 
ix.currin„ in a senes ot twelve severe ea-ses Figures compileel b> the Public 
Health and Melfare Section Supreme ( omrndndcr tor \Jlied Powers revealed 
that m the first fortv-one weeks of 1948 there were appro imatelv 8 000 cases 
ot Jipanosc B encephalitis throughout the empire and 2 374 deaths were re 
[Killed The appro'timate inortalitv rate from the disease was 2o 7 per cent for 
the Tok>o area and 35 7 per tent lor all Japan In the summer of 1948 there 
were three fatalities in the twentv nine proved rases of Japanese B encephalitis 
in occupation personnel in Japan Bccau^c oi the pauntv of serologicalh 
proved cases occurring, anion^ orrupation peivmnel in Japan a studv ot the 
features of the disease as nianiicsted in the five rases forming the subjt*ct of this 
paper seemed all the more desirable 

Mthough sTiperficiallv the number of deatles in 1948 attributable to the 
encephalitic viras seems lairlv lar^c it shrinks considerablv when viewed reJa 
tive to the 78 millions inhahitiug the Japanese islands These fatahtic-s ladc 
almost into oblivion when one contemplates the staggeiin^ total of appro”i 
matclj 147,000 deaths m Japan m 1947 dirccth attnbutablc to tuberculoses 
Vceording to several attending Japanese phjsicjan.s appro\imateJv 2 per cent 
of the patients exhibit sequelae These include clonic muscular movements 
decerebrate ii^iditj and twitchin^s of muscle ^roups 

The fi^jiucs for leC incidence in the Tokvo aica in 1948 reveal a hi„h rate 
ior the joun^cr a^e „roup ic thiou^h 1 to 20 jeazx of age The highest oe 
t'Urred m the 6 to 10 vears „roup the rate being 117 3 per 100 000 The lowest 
mcidcnce occurred in the 31 to 70 vears group the rate bem, 9 1 per 100 000 
In tile earlv vears male patients have the Jii^Iicst incidence of tlic dcscasc 
hut this Icndcncv decreases alter the a^c of 20 until there Ls a lemalc pre 
poiiderancc m the 71 to 60 vears group In all a^cs the mortality amon,. 
female patients is higher tliaii that amon^ malt patients The over ill case 
fatalitj rate m Tokvo duiuig the 194S cpideinir was 19 9 per cent lor males and 
13 3 per eent for females These figures were derived from 2 067 case* 

Two casc*'>, occurring in noiivaceinated Naval personnel arc ot interest in 
that thev assist in clucidatin, tlit time requisite tor the incubation period ot the 
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disease Two fiiemen fioni a Naval vessel stayed ashoie oveinight in Yokohama 
The ship lemained in Y^okohama foi two days, sailing Aug 1, 1948 llanymos 
quitoes weie ohseived aboaid ship On August 11 one man lepoited to the ship’s 
sick bay -with a complaint of headache of foiii houis’ duiation He seemed 
diowsy and had a fevei The patient was tiansfeiied to a Biitisli hospital at 
Ceylon tliiity houi’s latei and died twenty-foui houis after tiansfei Unfortu 
nately, no autopsy was peifonned On August 21 the othei fiieman developed 
a headache and fevei and became disoiiented A spinal fluid examination pei 
fonned at a hospital at Baliiem Gulf showed a slight pleocytosis and an in 
Cl ease m piotein The patient’s clinical coiiise was smiilai to that of eases of 
Japanese B encephalitis oceuiiing in Japan Folloiving complete lecoveiy, the 
man letuined to Japan His complement-fixing titei one month aftei the 
oiigmal infection was 1 16, and the neutialization index was 63,000 

Stahls of Vaccination — The status of vaccine has not been estabhshed at 
this time No conclusions lelative to the efficacy of vaccination could be dravn 
fiom the epidemic on Okinawa Sabin® has shoivn a nse in neutialization and 
complement-fixing antibodies in young people inoculated with mouse biam 
vaccine, two Ice doses being given six daj^s apait and the last dose of 1 cc 
one month latei Veiy eldeily peisons who had no pievioiis seiologic neutia 
izing antibodies exhibited no lesponse Following the adnnnistiation^of a 
potent vaccine, many pereons develop a use in neutializing antibodies 
Ameiican adults, no use in complement-fixing antibodies occuis as a lesu t o 
vaccination alone, although a peison pieviously infected with the live virus 
may develop complement-fixing antibodies aftei vaccination ' The vaccine use 
at piesent is a chick enibiyo vaccine, and its efficacy is iiiidei intense inves IdU 
tion 

Twelve patients of the twenty-nine cases occuiiing among occiipatioM^ 
personnel in Japan had received complete immunization No deaths occuire 
among this group Three patients had leceived complete immunization 
for one dose No deaths occurred among these Six patients ha 
obtain complete vaccination by two oi more doses There was one ea a 
them Tivo deaths occur red among eight completel} nonimmunize pa 

Symptoms — The clinical symptoms of the disease as previously 
by Sabin^ ~ include marked lethargy, confusion, high fevei, jjgji 

leucoejdosis, and spinal fluid pleocytosis The onset is abrupt, wi 
headache and fevei Sabin, in his Okinawa senes’ (ten the 

obseiwed convulsions in only tvo cases, both of them fatal e s 
duration of the fevei, seven to eleven days, and the constant a 

piesent Cells in the spinal fluid were piedominantly mononiic Q,ie 

polymoiphonucleai leucoej'tosis was found in the peiipheial °° niask 

patient of his senes exhibited interesting sequelae, le, In the 

like facies, somnolence, and a propensity for iiiinatiug on ot 

Korean outbreak, two instances ot bladder paralysis weie ^ eon 

these patients died In the other, bladder function became non 

\ alescence 
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Serologic Studies — Sciologic studies upon tlie OKiiinva cases icvealed 
mtei'csting data Seium iicuti diFiUt, antibodies vvcic qiiestionabJj or ceitainlj 
positive on the foiiith oi fiftli d ot the disc isc Low titers of complement 
fixing antibodies weic found is eailj as two to ci„lit dajs iftei the onset How 
ever, these complemeut fixing antibodies mu not ippcai until the fifth week 
No discrepancies weie noted between the lesults of the neiitializatioii and com 
plemeut fixing tests Foi seveinl technical ic isons Sibin feels that the com 
plement fixing test is moie piactical It is inlciestin^ that man> cases, initnlh 
suspected of being mild oi aboitne eases in liis OKiinwa stiies oavc no 
serologic evidence of Japanese B encephalitis 

Pathology — Gioss pathology icveils a iliffiise coiij^Lstion of the biain, 
sometmies wiUi softening of the ceivieal eoid ’ Theic is diffuse imolvement 
of the leptomemnges and the gia> mattei Poiuenous hmphocjtes aic pie 
dominant m the aiachnoid meshes The menm„( il lesions iic widespread ovci 
the surface of the biam, beiiio minimal ovei the. midbi iin, pons medulla, ceic 
helium, and spinal coid Minv nodules (umposid of monoiuiclcai cells, 
clusteied about degenciatiiio ganglion cells oi blo(jd vessels occui in the oraj 
mattei Ihe coitcx, thalamus substantia 111^.1 1 luu lei of the foiuth vcntiicle, 
ceicbcllai cortex, and the anteiioi hoins of tlic spinal coid aic involved 
Adrenal “tubular degeneration ma\ occiu 

evsr RLPOUTS 

Case 1 — Patient T H, a 23)carold wluto innu cntirod the Navy Di pensary on Vug 
S, 1918, complauung of a hcadacbo bcgmniug tlio previous dav llns hcndaclio began sud 
denlj progressively bocnnio worse and was acconipauied innlnisc and dulls Ho had 
completed the course of immunization against Japanese B cncopliahtis approximately two 
months before the present dine s 

Physical Examination and Laboratory Data T 102 4 F P , 84, R , 22, B P , lie/ 
78 mm Hg The patient appeared flushed dohjdratcd and ncuttlj ill llicro was definite 
nuchal ngiditj The reflexes were physiologic and Kcrnjg s bigii was negative. Tlio spinal 
fluid showed 30 polymorphonuclear cells and tho Piudy rciction was ncgitivc Blood Icuco 
ojto count on tho second hospital day was 10 900 vvitli 70 per cent polymorphonuclear cells 
Admission urinalysis was negative Initial chest films, as well as all sub equent chest films 
were negative 

Course Intravenous fluids, oral sulfudiaziiit and intramuscular penicillin wore in 
stituted On tho second hospital day tho fever roj-o to 104 F There woro 102 white cells 
m tho spinal fluid, of which 127 were polymorphonuclear During tho next two days the 
temperature climbed to 104 0 F, and there was no essential change in tlio neurological 
picture Tho patient was relatively alert On the fourtli ho<^pital day tlic '^pmal fluid con 
tamed 133 polymorphonuclear and 98 mononuclear cells, and tlio Pandy reaction at this tunc 
was two plug Tho patient became coiiipletUv di oriented on tho fifth hospital day He 
did not respond to questioning had to bo restrained in bed and was maniacal luraldclivde 
was necessary for sedation Tliero were definite neurologic il changes Tho arms developed 
1 lead pipe type of rigidity, and there were marked gross tremors of tho upiicr extremities 
and tonguo with, twitchings of tho mouth On the sixth hospital day, tho tenipcraturo sud 
denly dropped and remained normal on the seventh day Tlio patient became more rational 
A lumbar puncture at this timo revealed approximiteU 400 cells in tho spinal fluid, about 
three fourths of them being polymorphonuclear, and a two plus Pandy reaction Improve 
aicnt after tho seventh hospital dav was rapid, and tho temperature remained c^^scntiillv 
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noimal Dunng tlie subsequent thirteen days, the mental cloudiness, muscle twitching, and 
muscle tremors disappeared as well as all traces of nuchal rigidity However, the patient’s 
voice, which had become quite husky, lemained so for two months This has cleared com 
pletelj at the time of the present writing, i e , approximately Hi e montlis from the onset of 
the illness When the patient became ambulatory again, he complained bitterlj of dizzine«s 
when walking, but this complaint rapidly disappeared 
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Case 2 — Patient M B , a 37 jear old white man, entered the Navy Dispensarj 
28, 1948 The patient stated that the evening before he had experienced 
ache and chills He remembered starting to the Dispensary the next mornmg, u a 
later that he did not have any recollection of Ins arrival nor of the immediate y su ^ q 
events There had been no immunization against Japanese B encephalitis 

Physical Examination and Laioiatory Data T, 103 2° F , P, 9^1 ^tient ex 

78 mm Hg Witlun a few moments after admission to the medical ward, ap 

perienced a severe clonic convulsion with attendant cj anosis The convu si 
proximately five minutes, and upon its cessation the patient was unrulj an ,,0 

tional, necessitating restramt bj several men The patient was disoriented an e ^ j^l was 
intelligent reply to questioning The administration of intravenous o from 

necessarj There was flushing of the face and extreme dehydration A externa The 

which pneumococci were subsequently cultured, drained from a right o guring 

mucous membranes of the throat weie injected, and the tongue had been , j nuchal 

the convulsion A Giade II apical systolic murmur was present i abdominal and 

figiditj Kernig’s sign was positive All reflexes were gpjnal fluid cou 

inkle reflexes were absent, and the Babinski was positive bilaterallv was t"0 

tamed 425 cells, of which 321 were polymorphonuclear cells The an y ueutm 

plus The initial blood leucocyte count was approximately 14,000 wi 
phils The urine contained a trace of protein The chest film was ne^a i 
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Course Tlierap^, lu the form of oral ‘tulfuli izint mframuscular piuicillm mtri 
veaoua fluids, and intnims il oxygen uas in tituted On the second ho^^pital dd\ the patient 
developed a lead pipe ri^idit} of the inns and gross tremors of the lips and upper e\ 
tremities SiniiKr but less ni irked ngiditj of the lower cxtrimities wis al o evident This 
clinical picture persisted for six dav On the eventli dav tliL temper iturc dropped to 99 8 
F The gross tremors of the lips tongue and arms were till present The ankle jerks 
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Fig 2 


were nb eat the Babmski was negative and all other reflexe were hjpoactive Transient 
^eakue^s of the external ocul ir rectus mu cles appeared It was necessar> to discontinue 
oxygen for approximately thirty minutes becauM? of a mcclianical defect m tho apparatus 
and at the end of that time it was noted that the slightest stimulus could precipitate violent 
movements bordering on a convulsion Following resumption of oxygen inhalation for a 
few inmutes the patient became muth more re ponsivo and much less livperirritable After 
die eighth hospital day ho became much cleirer mentally and rapidly regained his normal 
'^nvinum Likewi e the muscle tremor^ cleared IscurologiLal abnormalities disappeared 
and no pliysieal sequelae of the encephalitis remained His convnles^.cnce was complicated 
bv a spondylitis 

Case 3 — Patient W P a 24vearold white man entered the Navy Di pensary on 
19 1948 complaining of headache fever malai e and nuchal rigidity of two days' 
duration He had been immunized against Japane c B encephalitis m 194t> and liad received 
a booster do e of 1 c c m 1947 and m June 1948 

Physical hjatnination and Laboratory Data T 204 F P 110 R 24 BP 1—/ 
1 mm Hg The patient was acutclv ill and murkedh deity drated The kiu was red and 
flushed Tliere was slight stiffness of the neck and transient weakne s of tho external rectus 
muNiJes of Loth eyes All reflexes were noriuil and the Babin ki signs were normal Initial 
Pinal fluid htudies revelled 143 wliitc cells 107 of them being polymorphonuclear and a one 
plus Pandv reaction Tho blool leucoevte count was 10 000 with 53 per cent polvmorpho 
ouclear cells. The urinalysis was negative Initial and sub&cquent chest films were nornml 
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Case 5 — ^Patient M W, a 29 year old wlute woman, entered the Na\j Dispenaarj on 
Aug 19, 1918, eomplainmg of fever, malaise, and headache Tliese sjniptonis liad begun 
suddenly three dajs before admission The evening befoie admission she had become dis 
oiieuted and irrational There had been no immunization agiinst Japanese B encephahti' 
Physical Examination and Labomtoiy Data T , 105 5° F , P , 120, E , 24, BP , 110/ 
SO mm Hg The patient was flushed and dehj dialed She was irrational and could not 
respond to questioning A gross tiemoi of the upper extremities and twitching of the moutli 


hospital dayI 
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Fig 5 

weie present Definite nuchal rigidity could be elicited There was mild 
mucous membranes of the nose and throat All reflexes weie phvsiologic except or 
tionably po<utne Babinshi on the right There were 97 polymorphonuclear 
mononuelear cells in the spinal fluid The Pandy reaction was one plus The 
cyte count was 18,000, 75 per cent of these cells being polymoiphonuclear m 
was negative Initial and subsequent chest films were negative ere ad 

Course Intravenous fluids, oral sulfadiazine, and intramuscular penici jo 

miiustered Durmg the following four days the patient remained delirious an ^ 
have the gross tremors described Dead pipe rigidity of the upper extremi ^ hosintd 
On flio ciAfli flni, flm fernnan Ciirr* ftpci eased tO 100 5 P alld OU 16 


On the sixth hospital day the temperature deei eased to 100' 
dav the patient became much clearer mentally Thereafter improvemen 
neurological abnormalities quickly disappeared No sequelae remained 


was rapid and id 


DISCUSSION . 

11 r n 1 ise HI lonipie 

The diagnosis in each of the five patients was piovec 1 
inent-fiAing antibodies in tlie serum The lesults of tlie comp 
tests and the nenti alization indices aie shown in Table I spinal 

Six othei patients, having the same type of (ggion because 

pleocytosis, and clinical pictiue, aie omitted as to 

positive seiologic pioof was not obtained The cpiestion ^ 
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Table I Complement Fixations vvd J«iEutraliz\.tion Indices 





COMPLEMEN’T 

NEUTILVI IZimON 

PATIENT 


HOSPITAL I)\\ 

FI\ VTIOV 

IMIEV 



20 

1 lb 

320 



20 

1 64 

1 000 



3j ! 

1 04 

10,000 



t 

1 64 

2 000 



t 

1 32 

10 000 



b 

Neg 

630 

M B 


17 

1 s 

20 000 


21 

1 32 

2 000 



2 

1 4 

— 



9 

1 4 

10 000 

Case 3 


15 

1 32 

10 000 

\\ P 


26 

1 32 

200 000 



3o 

1 64 

1 320 000 



t 

1 32 

10 000 

Case 4 


2 

0 

1 04 

1 2^0 

6 300 

13,000 



14 

1 32 

13 000 



2 


1 000 

Case 5 


9 

Vet. 

3 200 



lo 

Ncg 

3 200 



21 

1 8 

10 000 


V titer o^c^ 1 1 Is considered signlllcant 
tFolIOTN up t\Nel\e Uajs after discharge 
tPollow up five montiis after on et 


tliese tteie indeed eases of Japanese B encephalitis and uhethei it is possible 
tliat ni some instances the thieshold of immunologic lesponse is not reached 
Tile theiapeutic regimen adopted was neeessaiilv taried to compensate 
for the individual needs of the patient One of the characteristic featuies of 
the disease was the niaikcd dehvdiatioii piesent initially The nonpiotem 
nitrogen determinations weio elevated m two patients even after several days of 
rehjdration and in a thud before ichvdiation was accomplished Probablj the 
noiipiotein nitrogen would have been elevated ui tlie otliei two patients had 
this value been detei mined at the bet,inning of then hospitalizations 

Blood chloride values were geneiallv within noimal limits, and blood non 
protein nitrogen deterniniations weie consistent with the degree of dehydration 
evidenced by the patient In no patient could it be demonstrated that renal 
fcease was a factoi in the elevation of the iionprotein nitiogen A few fasting 
blood sugai detei niinations were normal Several blood calcium determinations 
in two patients experiencing convulsions wcic noianal 

Large quantities of saline and glucose weie administered iiitraveuouslv 
until adequate oial intake could be assured .Vs these mdividuals were quite 
vouiig laige quantities could be infused with relative safety In all cases 
adequate uniiaiy flow was achieved In no instance did edema oceiii except 
in one patient who developed pnlmonaiv edema following lepcated convul 
sioiis Tins edema quickly lesponded to moiphine 

Intravenous barbiturate sedation was essential in two men to coiitiol 
multiple convulsions Pai ildehvdo was lequisite foi one man who had become 
ir.,rexsive and in iniacal 

Lulfadiazine and penicillin weie instituted in all patients because it 
•bat time, the exact nature of the disease h id not been ascertained It is 
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doubtful whothei this theiapy alteied the couise of the disease itself in am 
way Howevei, since among the Japanese bionehopneuinonia was a common 
complication aftei the Ivsis of the encephalitic fevei, chemotheiapy nia}' lune 
had some value in the pievention of secoiidaij’^ infection 

One of the most valuable theiapeutic adjuncts was oxygen Many ob 
seiveis have expiessed the opinion that the pathologic changes demonstiable 
at autopsy aie to a laige degiee contingent upon anoxia The salutoiy effect 
of oxygen was seen definitively in one patient Patient M B , Case 2, vas 
lecening intianasal oxygen Aftei his initial comuilsion had been contiolled 
Avitli Sodium Amytal and intianasal oxj'^gen had been staited, no fuitliei con 
AUilsioiis oecuiied even in the absence of fnithei sedation At one peiiod ni 
the illness, oxygen ivas discontinued foi thii ty minutes because of a mechanical 
defect in the apparatus At the end of this peiiod of time, the patient became 
much moie lestless and moie delnioiis and upon slight stimulation developed 
convulsive movements which thieateiied to culminate in a geneialized giaii 
mal tjqie of attack Intianasal oxygen v\as then leinstituted, and aftei fifteeu 
minutes the patient could lespond to some cjuestions intelligently, the hypei 
iiiitability of the cential neivous system had subsided, and even stiong stiniui 
failed to elicit convulsive movements Oxygen was again discontinued tem 
poiaiilv', this time puiposefully, and in half an hoiix the patient had levei e 
to his foniier state of lethaigy and hypeiiiiitability Theieaftei oxygen vvis 
admmisteied continuously, and the clinical response was swift and giati vii'o 
It is inteiesting to note that oxygen was almost specific when theie vveie as 
lutely no signs of ciieulatoiy distiess The chest and heait weie 
clinically and i oentgenologically, and no clinical cyanosis noi lespna 
distiess was apparent ^ 

A second patient. Patient W P , Case 3, alieadv receiving 
diced leeuiient convuilsions and developed pulnionaiy edema n 
Sodium Amytal contiolled the convulsions, and a hypodeimic injec 
moiphme contiolled the pulnionaiy edema Theieattei, with intiaiiasa ° ^ 
in the absence of turthei sedation, the patient lemamed calm an lee^ 
vuilsions The lole of oxygen in controlling the convulsions p^capc 

deal -cut than in that of Patient M B , Case 2, but it was i dn, 

the clinical impiession that oxy'gen was at least partially lespoiisi^^^^^^^ 
suppiession ot convulsions In retrospect, oxygen piobablv siou 

administer ed to all patients . miple pi^* 

Headache was a very distiessing symiptoin Piecpient v i® ^ 
ceduie of withdrawing 10 c c of spinal fluid for study anie loia ^ diii'l 
ache considerably All ot the patients had slight elevations o occup*s 

piessiiie Aspinn and codeine were valueless Some clinicians 
tion forces employed intiamnsculai catteme and sodium lenzo 
results We had no expeiience with this method of tieatnien patient 

Incontinence of uiiiie and leces was a pioblem only so 

was comatose I sinnlai to tba' 

The lemamdei ot the theiapy was purely symptonia i < . isolation 

employed nr any^ acute infectious disease Eespiiatoiv an 
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teehiiiqueb Beie instituted, liut it is dubious iilietliei the disease is eontagioiis 
\ia the lespii itoij loute Tliose poisons eiitiusted iiitli the ciie of eiieeplialitic 
patients in Japanese liospitils pi lotiot no piec iiitions and seem none the woise 
foi then multiiile exposinos Ihioii^^hout Japan tlieie aie estiemelj fell* 
instances of the disease occiiiinig in nioie than one memliei of a tainili The 
iiLcessiti of adequate mosquito si i eeiimg seems obi ions 

Ifiiij of the featuiLs ot the disease can be disceinccl leadili bj a brief 
atudj of the ehaits Necessiiili fiom stub a small senes no siieepmg coii 
elusions can be diaiin These charts iipresciit onli the clinical pictuie in fiie 
patients seen at this Dispensaii Good eoiieHtion has been obtained hoiieiei, 
luth much laigei senes ocouiniig among Japanese nationals tluoughout the 
empiie 

Iiiitialh, all patients iicie fcbiile the height ot the eleiation ranging 
fiom 102° F to 105° F plus Definite lisis ol the feiei occuned on the 
seieutli daj of the illness in tno patients on tlie eighth and ninth dajs in tno 
othei-s, and on the tenth dai in one Tempeiatiue hsis about the seeenth daj 
of the illness is chaiaetenstie of Japanese B cnoejiliahtis It is luteiesting to 
attempt to correlate the degiee of the tebnie lesponse with the pieialing dis 
turbance of the seiisorutm Foui patients hid maikedl> disturbed sensona 
The fifth, Case 4 Patient J S intli an equalh higli tempeiatiue and ivith the 
most niaiked spinal fluid plcocitosis «as meiitalh aleit and cheeiful thiough 
out his illness 

Relatne hiadjcaidia nas pieseiit imtiallj ni oiilj two patients This 
quieklj disappeaicd 

The blood leucocyte count called fiom 10 000 to 15 000 on admission and 
m the majoritj of these counts theie cias i decided shift to the left ’ Tlie count 
letuiiied to normal in tinec to scccii dacs 

Pleocytosis m the spinal fluid landed initiallc from 30 to 552 cells In 
foui patients theie evas a piepondciaiiie of pol>moiphonucleai cells In the 
fifth, no diffeiential evas done on admission Hoccecei the nest daj the 
majonty of cells in the spinal fluid iccre pohmoiplionucleai The latio ot 
neutropluhc leueocjdes to mononiielcai cells cias soon leceised and subsequent 
spinal fluid esannnations recealed a decided iiiajoiitj of monouucleai cells 
The Pandj reactions cceic positive semiqiiaiititatic elj fiom a tiace to two 
phis There cceie no stionglj positive Paiidv leactions in anj stage of the dis 
case Spmal fluid sugars and chloiides vveic iioimal m all instances Repeated 
smeais of the eentiifu„ed spinal fluid vvcie negative foi oiganisms No 
bacteiial giovvth was obtained on icpcated ciiltuies Because of tlio difficulfj 
'll followaiij, these patients aftei then discliugc fiom the Dispensaiv and in 
ofdei to avoid lepeated lumbal pimctuies, it was impossible to asceitain caaetlv 
the length of time leqiiisite loi all ihnoim dities to disapiicar fiom the spinal 
fluid. lu the five patients defliiitc ibnoiaiuhtics weie found on the tenth, 
twentieth, tvveiitj fiist, tliiitj second and tliiitj second dajs icspectiveh 

Duniig the febiile episode theie was transient, mild proteimun, hut this 
finding disappeared upon Ij sis ot the fev ei 
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The nemological pictuie dining the eouise of the illness has been desciibed 
in the case histones Nuchal iigidity ivas piesent in all, although the iigiditi 
was quite mild In only one patient, Case 3, Patient AV P , chd a crdiiial nene 
palsy develop (seventh neive), although a tiansient weakness of the external 
(lateial) oculai lectus muscles was piesent in Case 3, Patient AV P, and m 
Case 2, Patient M B All except one, Case 4, Patient J S , expeiienced gioss 
tiemois of the uppei extiennties, lips, and tongue It is notewoithj that the 
Japanese physicians considei a tongue tiemoi to be one ot the fiist signs of 
lecoveiy This obseivation was not well eon elated witli the cluneal coui’se m 
this senes The oculai fundi weie noinial in all patients Keflex changes veic 
\aned and tiansient At vanous stages of the illness theie weie hypeiactne, 
hjpoactive, and absent knee jeiks, ankle jeiks, and abdominal jeiks Keinigs 
sign uas positive in some but not all 2 >utients The Babinsln vas tiansienth 
positive in some Theie was lapid disappeaianee of nemological leflex ah 
noimalities aftei lysis of the fevei AU patients, except Case 4, Patient J 8, 
exliibited a lead-pipe type of ngidity of the uppei extiennties The sensoiia of 
all patients, except Case 4, Patient J S , weie maikedl}" deviated tiom noimal 
These patients weie lestless and aggiessive, with alternate peiiods of lethaig' 
This IS in maiked coiitiast to the extieme constant lethaigj'^ usually pievelant 


among native encephalitis victims 

One chaiacteiistic of the disease which deseives special emphasis is tie 
lapidity of the patient’s lecoveiy He may appeal moiibund, and the outloo 
maj'' seem viitually hopeless Even in such instances lecoveiy may be suiit 

Theie weie no fatalities in this small senes The Japanese moitalitj mk 
of appioximately 35 7 pei cent is undoubtedly excessively high because of t le 
pool methods of tieatment in then hospitals Even dm mg the acute staoC, 
Avhile the patient is comatose, only 500 c c of fluid aie administeied each J' 
by intiamusculai diip, accoidmg to the piactice in one of then laige hospi as 
Tins amount is not vaiied, legaidless ot the degiee of dehydiation, age, o 
size ot the patient “Acidosis” is ‘pi evented” by the intiaienous admmis m 
tion each day of 20 c c of a 50 pei cent glucose solution Oxjgen, 

IS iniiequently, if eiei, emplojed A fuithei disadvantage is the mai s-e ^^e^^ 
Clouding of then hospitals with encephalitic patients, lendeimg lei} 


the task of individualized attention by the staff ot doctors 

Two patients in this senes developed ninioi physical sequelim 
Case 1, Patient T H, theie wms a definite change m the loice m 
developed a veiy hoaise voice which nnpioved attei two months jj,e 

ot the vocal eoids has been denionstiated The possibilitj of p, 

superioi laiyngeal iieiw'e was eutei tamed A second man. Case 3, a j^£( 

developed weakness ot the adductor of the left thumb and flexois 
foiefingei Initially, sensory perception was lost o\ei the doisa 
aspects of the second and thud fingers of the lett hand The 
ties disappeared, leaving the residual muscle weakness outline 


has greatly improved this condition f .ction with the 

The possible permanent mental changes resulting tioni m c 

encephalitic virus would comprise a most mteicstmg an pre- 

study Limitations of time and lack of tiained psvchiatiic co 
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'ented a detailed imestigatioii ot this iiiipoitaiit aspect ot the disease Lack ot 
knowledge eoneermng the behacioiistic pattern of the patient piioi to liis 
illness lepieseiits an iiitiiiisa iiii pediment in a studi of this tjpe Without 
piopei eoiitiols oiilj gloss abnoimalitics c ill be attnbuted to the disease None 
of these patients evliibited in\ iiiuiked imp iiiiiieiit of the piocess of eeiebia 
tioii Their intellectual abilita nas well withm the iioinial laiige when tested 
bj simple iiiensiiies such is aiithnutic pioblems ability to exeicise judgiiieiit in 
simple situations and geiiei'al I non led„c 

Emotioiialh a similai pattern ot dejitiidciice nas esidcnt ni tliree of tlieiii 
Lien nheii the stoini ot the illmss lind passed iiid tlie patients noie aleit and 
lecupeiating reniaikabh , tlieu was i stioiv uluetaiice on then pait to attend 
111 au} na} to then own needs Oiih nitli difdiiilti with the esceptioii of one 
patient (Case 1, Patient T II ) neie tiui piisiiaded to abandon then leeuiii 
bent positions Thet weie \en loath to iceept again the lespoiisibilitj of 
bithiiig themsehes One tiatieiil t ise 2 Patient AI B with a piolnble 
spoiid 3 litis was e\tremel\ happi iii his piohinr.ed coinalescence and almost 
lefuscd to attempt anjthin^ £oi Inmself except tlie actual eating of his meals 
Howetei, the temaindot ot tlie patients did bow to the iiieMtable and, with 
one exception, Ca^e 5 Patient Jl M weie eigei to retiim to then occupations 
Case 5 Pitient JI W was anxious to ictuni liome pioxided she could con 
talesco for an indefinite petiod Latei it was ascertained that she piompth 
installed herself iit bod at home and tlicie lemuiiied foi slx weeks The patient 
aiaiiifested extieme depoiidenex emotional lahilitx and was excessnelj de 
iinndnig of those who attended hei Vccoidiiig to one of hei fiiends she had 
dofimtolj ‘changed” since her illness Lapses in leceiit mcmoi} liecnme 
obvious Upon one occasion while ciitcitaiiiing guests hei husband left the 
toom foi a few moments Almost coincident with his depaituie Ins wife eon 
fided in a fiiend her ainxiets coneciiiing him as he had failed to return home 
•bat cieniiig and had not called Ohxiousl} with no adequate piecoiifiiiement 
studies persoiialitj tendeucies cannot iiidispiit iblj be asenbed to tlie Japanese 
E Mrus 

One man Case 1, Patient T H who least displaj ed this type of peisonalitx 
dependence, developed a cuiioiis piopciisitj foi inseitiiig Inmself into odd and 
Jangeioiis situations He had a definite pioelixitj for waiidemig thiough the 
"omen s waid at night He was content to confine his wanderings to the cor 
ndois and iieiei did he entei any of the looms He had no explanation foi his 
bchaiioi In one instance he stopped the eleiatoi between floore climbed on 
top and was leclmmg comfoitabh when discolored Again, tlieie was no adc 
'Plate explanation Howeier, tlicse bizaiic qiiiilts of beliaiioi disappeaied 
'opidh, and the patient was quite cmbaiiassed when they wcie lecallcd to his 
ittoiition Inteiestmgli enough, these peculiai plieiiomeiia occuired when the 
Plan seemed aleit and well oiieiited It seems possible tint the encephalitic 
damage oeeasioiied these tniisitory ibiioiiiialitics 

All of the counleseciit patients wcie iiiuisu dli cheerful Ficn when 
r<!i>idiies such as f icnl iiene palsy oi ticiiioi-s weie eiideiit the patients igiioied 
tlieni magnanimously and letiiscd to illow thcinselies to suik into the dejiths 
of depression Only one patient Case 5 Piticiitll W was emotionally labile. 
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but even she usuallj’- maintained a clieeifiil equilibiium Tins emotional labilitj 
peisisted in liei foi appioxiniately six weelis aftei dischaige 

The loutine couise of iniinumzation compiised the admmistiation of 1 ce 
of the chick embiyo vaccine at weeklj intervals foi two doses tollowed bv au 
additional 1 c c one iiionth latei Case 4, Patient J S , had only two iD]ections, 
Case 2, Patient ]\I B , had none , Case 1, Patient T H , had completed Ins coiiise 
of immunization , Case 3, Patient W P , had been immunized in 1946 and had 
leeeived a boostei dose of 1 cc in 1947 and 1948, Case 5, Patient M ^Y , had 
leceived no immunization 


SUMIIARY 

1 A senes of five sei ologieally pioved eases of Japanese B encephalitis is 
piesented Six othei patients with the same signs and symptoms weie hospital 
ized duiing the epidemic but aie not included in the senes as no positive seio 
logic pi oof could be obtained 

2 Onlv tv 0 ot the five patients had completed then immunizations against 
Japanese B encephalitis 

3 The clinical featuies aie outlined 

4 In addition to lehydiation and sedation when necessai}', oxygen seems 
to be a •valuable theiapeutic adjunct 

5 Oiilj t-vvo muioi physical seciuelae occuned in five cases Theie vveie 
no deaths 

6 The possibility of peisonality changes, lesiilting fiom the eneephalitn 
■viius, IS discussed 

7 Impioved tieatiiient will piobablv i educe consideiably the high nioi 
talitj late foi Japanese B encephalitis prevalent among the Japanese 

The author ivislies to expiess his appreciation to the Virus and Rickettsial SeU , 
406th Medical Geneial Laboiator^, Tokjo, Honshu, Japan, for the deteiiiiination o conp 
nient fixations and neutralization indices 
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PANCREATITIS IN INPECTIOLS MONONLCLEOSIS 


J VAXES iI\HRE AID vxDSvMLtr Nfsbitt AID PhD 
AIiwemolis AIinn 

P ANCREATITIS in association nxJh mumps is oltcn mentioned, tiiougli tiie 
literatuie on tins point is not fonelusive Pmcicatitis has been demonstiatcd 
definiteh, lio\\e\ei in thiee patients with mumps one at neciopsj' and two at 
the time of surgical exploiation ‘ 

There aie few autopsv itpoits ot cases of infections mononucleosis In 
eio'ht case reports* ® ° the pancicas was not mentioned In thiee case le 
poits® ® the panezeas was described as noiiml Theie seems to be general 
loieement that infectious mononucleosis is a disesase winch ma> affect maiij 
organs 

Lucke and Alalion “ m tiieii excellent studi of the pathology of hepatitis 
(lid not mention the pancieas Capps* however mentions lesions occurrmg 
111 the intestinal tract and iii the pancicas ( omfoit*^ noted in one case a per 
sistent steatonhea aftei infectious hepatitis and speculated on the association 
of panel eatitis with hepatitis 

In order to cxploio fuithei the possibilitj that pancieatitis may be associated 
with othei viral diseases determinations of serum amvlase and lipase weie made 
at appio\imatel> weckl> intcivalsoii twentv consecutive patients with infectious 
mononucleosis and nine patients with viial hepatitis 

AIVTERIVLS VND METHODS 

J?crum amjliise uus determmed Ij> the Soinogji method n Incubation times were 
determined to the nearest minute The nn^^c of error m duplicate and triplicate determm i 
(ions of the samo specimen of norni'il scrum wi 0 (o 30 per cent uith a mean error of 0 
per cent Serum hpa e was determined l)> tlio Clierr\ Crandalli method as modified b\ 
Maclaj 18 Titrations were done witJi 0 IN \aOH to the neirtst 0 1 cubic centimeter The 
range of error on duplicate and tripln »te dtternmiationH on the ame specimen of normal 
‘•erum was 0 to oO per cent with a roian error of 14 per cent The mean control amjla e 
Value ba ed on thirty si\ normal ubjeets wa 140 4 unit'* witli a standard dcMation of oo 7 
bamg three times the standard de\iitiou us n tntinon tlio ujiper limit of normal for this 
group would bo 3J3a Smiogji unit Thi mean control lijn o \ due b ited on thirty seven 
normal subjects was 0-7 cc with a standard deviation of 0 10 U ing three times the 
standard deviation a a criterion the upper limit of normal for this o^onp would be 0 7o c c 
of 0 IN NaOH 

Prom the Dci artnicnt of Internal Medicine Universitj of Minnesota Scliool of iledlclne 
and the Veterans Hospital 

„ , Vhstract of a portion of tlie thesis ubmltted b> Dr Mjhre to the facultj of tlio Graduate 
hcliool of the Uni\er 3 lt> of MInne ota School of Medicine in partial fulfilment of the requlri. 
nitnts for the legree of Master of Helene in Internal Medicine 

Published with the permission of the Chief Mcdlc.d Director Department of Medicine 
Veterans Vdmlnlstratlon who a suine no re ponsiblllt^ for the opinions expressed or conclu 
Sion drawn b> the authors 

Uecehed for publication Vug 19 1949 
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RESULTS 

Two of the twenty patients with infectious iiiononiicleosis piesented ab 
noimal seium enzyme values In one patient values foi both seium amylase 
and seium lipase weie elevated, the highest seium amylase bemg 450 Somog)i 
units and the highest seium lipase being 1 7 c c of 0 IN NaOH Tlie second 
patient had abnoimal values of seium lipase, the highest bemg 1 0 cubic centi 
metei In this instance the values foi seium amjdase, although within the 
iioimal lange, mcieased fiom 108 to 228 units Livei function tests veie done 
in nineteen of these patients and suggested an associated hepatitis in eighteen 
In nine patients vitli viial hepatitis, similai enzyme deteiiiniiatious at 
\aiious stages of the disease gave noimal lesults in all instances Thiee iieie 
eonsideied to be of the infectious type and siv to be of the homologous seuim 
\aiiety 

Because of then paitieulai inteiest, the two patients with infectious mono 
nucleosis who, duiing the eouise of then illness, evliibited elevated seium en 
z^nne values suggestive of an associated pancieatitis aie piesented in some 
detail (Table I ) 

Case 1 — A 24 year old, i\lute, male school teachei, wlio had been in good health pa" 
viouslj, was admitted to the hospital Jan 3, 1048, complaining of headache and malaise ol 
fourteen dajs’ duration and of sore throat and fever up to 103° F for one week Penicil m 
and sulfadiazine had been administered by his family doctor without benefit PhjMcal ev 
animation revealed an acutely ill patient, the temperature bemg 103 4° F , and the pre encc 
of cervical, inguinal, and axillary adenopathj, marked tonsillitis, hepatomegaly, and spleno 
niegalj The hemoglobin concentiatioii was 12 6 grams per 100 e c of blood and the cueo- 
C3tes numbered 20,800 per cubic millimeter of blood The percentages of the various tvpvii 
of leuoocvtes weie as follows neutrophils 30, lymiphocv tes bb (manj of them atvpicab 
monocytes 2, basophils 1, and eosinophils 1 The Kahn test was 2 plus Albuminuria wa 
graded 2 plus and microscopic examination of the urine sediment revealed 3 to b 
occasional cry throcy tes, hy aline casts, and granular casts per high power held Roen „ 
gram of the chest levealed modeiate accentuation of the broncho vascular mar 
laterallv and a faint suggestion of pneumonitis m the left lower lung field Bromsu 
retention was 10 5 per cent at 45 minutes using a dose of 5 mg per kilogram 
weight The result of the cephaliii flocculation test was 3 plus m 24 hours an ? r 

hours The one minute serum biliiubin was 0 2 mg per cent and the total was a o 
cent Predominantly hemolyTic staphylococci giew fiom a throat culture jeJ itivc 

A clmical impression of infectious mononucleosis was corroborated hy m 
absolute lymphocytosis, the appearance of atypical lympliocvtes in tie 
smear, and a strongly positive heterophile antigen antibod-v igglutiuatioii ti er 

tory studies aie presented in detail lu Table I , strum hpa'v 

On the thirty first day of illness the serum amylase was 450 units an j.pturncd to 
was 17 cubic centimeters In approximately twenty days these va nes aiul 

normal A glucose tolerance curve at the height of the elevation o ser 

lipase was normal ~ riemcillm ml'"' 

Treatment consisted of bed rest, administration ot 50,000 uiii s lo" 

muscularly every three hours for the live days after admission, a ‘lo ‘ The Kalm 

fat, and high protein diet with vitamin supplements and added diys m 

and Kolmer Wassermann tests vv ere neg itivo after the patient ha ^ roeutgei'oh''^"' 

hospital The abnormal urinary findings disappeared after one penicilbn thtraP' 

of the chest, taken ten days after admission, was normal One vvee enlargvil 

was discontinued a maculopapular rash appeared over tlie trun auv ibloa""'* 

and tender for approximatelv one month after admission There was 



Table I Detailed Clinical and Laboratopy Data op tub Two Patients With Infectious Mononucleosis Who Had Ele\ 

\ ALUES OF Serum Amnlabe and Lipase 
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pam or diarrhea but oce isionally the patient comp] lined of backache Appetite and strcngtli 
gradually returned and the lymphadenopathy decreased Duiing the course of the illness 
the patient lost 23 pounds m eight 

Case 2 — A 21 j ear old, white student nurse who had previously been in good liealtli 
was admitted to the hospital April I, 1948, complaining of a slight cold and nasal congestion 
of live da\s’ duration Two days before admission she had noticed fever, fatigue, chilh 
sensations, and loss of appetite Phrsical evamination levealed an acutely ill patient witli 
a tempeiatuie of 102° F There was a slight mucoid nasal discharge The throat was 
normal in appearance The heart and lungs were within normal limits A slighth enlarged, 
tender lymph node was found in the right anterior cervical region The liier and spleen 
weie not enlarged and there was no rash 

The hemoglobin concentration w is 12 6 grains per 100 c c of blood and the leucoe\tes 
numbeied 8,000 per cubic millimetei The percent iges of the various leueocjtes were as 
follows neutrophils 61, Ijaujihocytes 34, monocytes 3, and eosinophils 2 The Kahn test 
for sjphilis wis negative The uiinalysis did not levtal abnormalities Boentgenogram of 
the chest was normal Stiepfococcus vmdans and iVetsseria catanhalis giew from a throat 
culture The heterophile antigen antibody titer w as 1 448 The cephalin flocculation test 
gave 3 plus results in 24 houis and 48 hours The one minute and total serum bihrubm 
concentrations weie 0 2 and 0 5 mg pei cent respectively and the bromsulfalem retention 
with a do=e of a mg pei kilogram of body weight was 11 per cent Alkaline phosphatase 
was 10 King Aimstrong units The prothrombin time was 44 per cent of noimal Total 
proteins were 6 2 grams per cent with 3 3 grams per cent of albumin and 2 9 grams per cent 
of globulin The blood cholesterol was 134 mg per 100 ec of serum with 42 per cent 
cholesteiol esteis Bleeding time, clotting time, and platelet counts were normal Two 
loutme blood cultures and one blood culture with increased caibon dioxide tension wen. 
steiile The blood was tjpe 0 and Rh negative 

On the ninth day of illness the serum amylase w is 108 Soniogyi units and on c 
twentietli day, 158 units On the twenty second day the serum lipase was 10 cc of i 

NaOH and on the twenty third day was 0 9 cubic centimeter On tlie twenty fourth 
serum amylase and lipase were 228 units and 0 6 ec respectively Subsequent vanes 
serum lipase rapidly returned to normal and the seiura amylase decreased to 120 units 
this time the fasting blood sugar was 96 mg pei cent and the urinalysis for sugar was ne^ 
tive I 

Subsequent dex elopment of an absolute lymphocytosis, the appearance of a yp^^^ 
lymphocytes in the stained peripheral blood smeai, and a strongly positive Iieteinpue^ 
gen antibody titer established the diagnosis of infectious mononucleosis See a 
complete details of the laboiatory studies . . 

On the tenth day of disease uumeious petechiae were noted on the mri ^ 
persisted appi oximately foui dvys About the same time the normal pharynx (Pg 

m appearance, the tonsils were covered by a grayish white iiiembi me, and at 
predominant oiganism on throat culture medium w is nonhemolytic j when, 

throat accompanied by headache and pain on moving tlie eyes li id nearly ami 

on the fifteenth d ly of illness, the patient became markedly gjj" yajy of sol“ 

vomited repeatedly Tieatmeiit at this time entailed administration m Synkav'**^ 

tions contaimug glucose, Parenanune, B complex xitaiums, iscorbic a^ , • became 

The hvei became tender to percussion but still was not enlirged suffieientlj 

afebrile on the twenty second day of illness and bv the twenty ninth day c 
improved to be discharged to her home for gradual resumption of activi 
at leist 8 pounds in weight 


fiUMM VK\ AND CONCLUSIONS ^ 

1 Twenty consecutive cases ot intectious mononucleosis seriin’ 

weekly mteivals and in tvo instances a definite elevation ot t le la R 
amylase and lipase was denionstxated Tins finding is sugo^a 
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sociated pancieatic distiubance whicli to oui knowledge has not been dcsciibed 
pre\iously in patients witli iiifcetious mononucleo&is Tins was possibh a pan 
creatitis, but lymph node obstiuction of the pancieatic ducts must be considered 

2 In nine cases of Mial hepatitis the sciuin innhse and lipase deteimina 
tioiis weie made at \aiMng intor\als and no e!c\ated Mines were found No 
conclusions can bo diawn fiom this small series except that there was no evi 
deuce for pancicatitis at the time the dtteinnnatioiis weie made This senes 
should be extended and the possibihU of paneieatitis occiining in other \iral 
diseases should be exploied 

3 It is quite possible that man\ as\anptomdtic acute subacute and chronic 
iiifiamniatoi} changes of tlie panel eas exist m association with viral diseases 
which at the present time aie not appicciaUd It is conceivable that such m 
fection nia} pla} a role in the etiologv of chionic lelapsmg pancreatitis, the 
patliogenesis of which lemains obscure 
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A CASE OP CONGENITAL IDIOPATHIC METHEMOGLOBINEMIA 

Ben Fisher, M D , and J Waide Price, Ph D 
Cle\^and, Ohio 

T he diftei ential diagnosis of cj'aiiosis m the adult does not often pieseiit 
a diificult pioblem except in the instance of chionie, persistent cyanosis 
which does not vaiy This is inoie luteiesting if the patient is middle aged oi 
oldei, and if the ejmuosis has been present duiiiig the gieatei pait of Ins life 
Piopei consideiation nmst be given to cyanosis pioduced by altered lieiiio 
globin eoinpiounds nitliin the eiiculating blood The natuie of the compound 
and its concentiation in the blood aie nupoitant in the diagnosis, tieatment, 
and iiiognosis of these disoideis The thiee pigments (always nitiacoipus 
culai) which most fiequently piodnee cjmnosis aie reduced hemoglobin (as 
in car diopulinonary disease), niethenioglobin, and snlfhemoglobm When these 
aie present in the blood in concentrations of 5, 1 5, and 0 5 Gm or less per 100 
nil of blood, lespectir elv, eyancsis mav be clinical]}’' evident^ Minute ainoiuits 
of metheuioglobm (0 03 to 013 Gm per 100 ml) have been reported in the 
blood of normal persons' This mav be a iioinial stage m the degiadatiou of 
the pigment The compounds hare sereial definite chemical and physical 
properties bv which they ma}^ be identified® 

Clinically, nrethenioglobinemia may be piiniai} oi secondary The see 
ondaiy type is more common and is most often due to dmg toxieit} Anemia 
and/or gianrrloeytopenra are usually aceompanyrug findings m chrome eases, 
and the svstemic effects are striking Of much less frequent occur leiiee is 
the primary type There is no anemia, indeed, a polycythemia is often pieseiit 
apparently as a compensatory measure Systemic symptoms are erceptioua ) 
mild, and a familial incidence has been noted in many of the cases lepoitet 
Since the condition is rare, the following case is believed to be of interest 


CASE REPORT VND KXPERIilENTAL STUDY 

A 61 j ear old white man was admitted to the Marine Hospital with 
failing Msion in both eyes On phjsical e\amination, bilateral cataracts were i-c^ 

It was also noted that the patient had a marked cyanosis of the mucous mem 

and Angers, and a slate gray color of the skm all ovei the body There was nd c 

the digits, and the conjunctival and retinal blood -vessels were engorged The P® 

that lus blue gray skin coloring had been present “since birth," and that elicited 

quently remarked about it when he was a child No other familial instance cou 

There was no history of prolonged drug ingestion, and sjstem rewew failed to 

abnormalitj of gastrointestinal function The patient had no complamts o 

■visual disturbance, and cardiopulmonary disease was ruled out bj phjsi 

X ray and Auoroscopio studies, and normal electrocardiographic tracings 

From the United States Marine Hospital and the Institute of Patholos' 


serve University School of Medicine 
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Tlio patient was seen in consultation by Dr V. J Beams, who suggested a diagnosis 
of idiopathic methemoglobinemia A sample of blood was examined and found to contain 
(otal hemoglobin 21 D Qnn per 100 ml oxyhemoglobin 14 3 Gni and the difference 7 0 
Gm, was nonfunctional hemoglobin which showed a spectroscopic absorption band similar 
to that of a known methemoglobin solution Laboratory findings at this time re\ealed noth 
mg of siguificmco except an icterus index of 17 6 units red blood cells, 6 350,000 per cubic 
millimeter, and a hematocrit of oS per cent packed red cell The red cell indices roeakd 
a mean corpuscular volume of lOG t mier i and mean corpuscular liemoglobin concentration 
of 29 2 per cent The white blood cells were normal 



FIs 1 — sternal bone marrow (X950) showing normoblastic hjperplaala 


The patient was operated on for a cataract of the left oyo and then discharged from 
the liospital Four months later he was asked to return to the hospital and was admitted to 
the modjcal service for further study of his mcthemoglobiaemia On tJiis second admission 
ho had no complaints and was not dyspneic The physical examination was essentially the 
same as on the first admission except for a partial left iridectomy and absence of that len 
The blood pressure was 150/94 temperature 90 2 F pulse 80, and respirations 24. The 
red blood cell count was 5,930,000 per cubic millimeter with a hemoglobin of 18 9 grains 
The hematocrit was 61 per cent \Vhen venous blood was drawn it had a dark chocolate 
brown color Exposure of tho blood to air over a period of twenty four hours produced no 
noticeable chaugo in color and long periods of oxygen inhalation did not affect the patient s 
cyanosis The reticulocytes numbered 0 7 per cent and the icterus index was 13 0 umts 
The total hemoglobin measured 19 9 Gm oxyhemoglobin, 12 5 Gm and niethcnioglobin 7 4 
Gni per 100 ml of blood prior to the beginning of therapy Vspiratiou of sternal bone 
marrow yielded a moderately thick marrow which was also chocolate brown in color The cen 
tnfuged marrow showed fat 5 per cent plasma 12 per cent huffy (mveloid ervthroid) 
layer 9 per cent and red celH 3 per cent Marrow smears showed an erythroid hiper 

plasia at the normoblast level {iig 1) 

Clinical Professor of Xledicino M estern Reserve Unlversltj School of Medicine 
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Fig 1 — The effect of ascorbic acid on methemoglobm 

The patient was then started on oral treatment i\ith ascorbic acid in dooes of 300 lUp 
each daj Clinical improvement was slow at the st irt but easiH noticeable bj the u 
day of theiapj On the fifth daj the patient noted the change m his color, and the veno ^ 
blood appeared more led At the end of ten dajs, the labial and gmgiial cjanosis ims 
almost gone By the end of the second week, the total blood methemoglobm had been 
duced to almost one half (Fig 2) The laboratory findings during this therapy are suninia 
ized in Table I, the changes m methemoglobm are shown m Pig 2 

This therapj was contmued for one month, durmg which time the patient s 
became more pmk The venous blood appeared almost normal m color, and the me i 
globin level dropped to 1 9 Gm per 100 milliliters By the end of this time, t le pa i 

Table I Labor vtory Dvta During Period of therapy 


DAY OF THERAPA 


BBC (millions) 

Total Hb 

(Gm per 100 ml ) 
Hematocrit 

(% packed red cells) 
Icterus inde\ (units) 
Eeticuloeytes (%) 


Urine Bilirubm negative in all specimens, urobilinogen present m no™ 


il amounts 
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wished to bo discharged from the hobjiitnl He was placed on outpatient status and given 
a suppl) of ascorbic acid but he filled to return for follow up Two months later he 
returned for more ascorbic acid, and further data were then obtained Eis skin color was 
definitelj a normal pink hue, and tho venous blood had a normal dark red color The 
laboratory findings at this time are listed as *83rd diy ' in Table I and Fig 2 The 
bone marrow showed no significant change 

DISCUSSION 

This case "was of luteieut foi sextial leasoiis the cliionicitj of the illness, 
the high initial metlienioglobin le\el ami the icsponse during the period of 
therapy The patient was able to cairy on stienuous woih o\ei a period of 
years as a meieliaut seaman without dyspnea, fatigue oi othei constitutional 
symptoms Finch, ^ who reyiewed Uus subject exliaustnely in 1948, stated 
that he saw a patient with a methemoglobm level of 40 pel cent who was able 
to cany on strenuous woik oin patient had 37 2 pei cent A more lemark 
able point of interest arose during the couise of therapv AlthoUj,li the usual 
response with treatment is a reduction, in metliemoglobm and total hemoglobin 
our patient exhibited a different couise As the methemoglobm decreased the 
total hemoglobin remained stationaiy and the oxyhemoglobin level rose The 
red cell count and hematocrit also leunined fairly stationarv This was entirely 
central \ to our expectations since we anticipated hemolysis of the excess 
erythrocytes as the methemoglobm v\as leduced Undoubtedly the clnonic 
anoxemia present foi so main years proved a potent stimulus to the erythio 
{jfinic elements of the bone nnnow Had vve been able to follow the patient 
for a longer period it would have been mteiesting to note hoyv long a time 
elapsed before tlie number of cucuhtino led cells became i educed m uumbei 

At least sixteen proved cases of congenital idiopathic methemoolobinemia 
had been reported in the literature up to the time of Finch’s levaeyy (1948) In 
eight there was a familial incidence In 1947, Coudounis and associates’ 
reported fouiteen cases all occurnng iii a Greek family within four consecutive 
geneiations , four pans of siblings weie affected by the syndiome The name 
of the family y\as Vophtochilaii which the authois transited as people vsith 
discolored lips Sieveis and Rvon stated that they y\eie able to tabulate 
eighteen leportcd cases np to 194o uid they idded one of then ovyn Gibson 
mid Hainson (1947)® reported five cases in one family Bensley Rhea and 
jilills (1938)^ lepoited tv\o cases occuirin„ in a brothei and sistei and stated 
tliat these y\eie tlie fiist in v\liich the diagnosis vvis establislied definitely They 
added that the cvanosis was constant and was not affected by any form of 
therapy vitamin C yias not used 

Other cases have been lepoited in the liteiatuie fioin time to time In 
some, Instoiy of diug into\icatiou could not be ruled out Others v\ere given 
the name of “enteiogenoiis cyanosis supposedly associated vyith constipation 
lud pioduction of large amounts ol nitiites by the bncteiia of the intestinal 
tract 

To Liaii® IS ascribed the fii*st use of ascoibic acid in the tieatnieiit of 
inetheiuoglobincmia It was believed to be supeiioi to methy lene blue Ascorbic 
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dcicl lias been used lu many ol the cases lepoited since then, almost all with 
excellent lesults’^® The oial loiite is as efteetive as the paienteial, and Giaybiel 
and co-woikers“ have found that concomitant admmistiation of sodium bicai 
bonate deci eases the uimaiy excietioii of vitamin C and the rate at which it 
disappeais fioni the blood King, White, and Gilchiist^“ found that legaidless 
of the amount of aseoibie acid giien to their patient, the methemoglobni level 
could not be i educed beloiv 7 pei cent of the total blood pigment Gibson and 
Ilaiiison® also found that they weie not able to i educe the total methenioglobm 
below 1 0 Gni pei 100 ml of blood by the use of vitamin C Our findings, oiei 
a shoit period of time, aie siinilai to these 

Normally, the mammalian anueleai ei 3 'thiocyte reduces methemoglobni 
bj" an enzj^matic process in which glucose and lactate are the principal sub 
stiates Clinical methemoglobinemia may then be piodiiced by absence oi 
failure of this reconversion mechanism (piimaij') or bj’’ the action of oxidants 
which produce inetheinoglobin more rapidly than the cell is able to reduce it 
(secondary) Fuithei, the oxygen dissociation criive is noimal in piinian' 
methemoglobinemia, whereas that induced by drugs shows a shift to the left ' 

Gibson proposes that the eijdhrocjdes of piimaiy methemoglobinemic p-i 
tieiits aie deficient in coenzj’-me factor I, xvhich functions rvitli tiiose phos 
phone and lactic enzjunes of the red blood cell to facilitate reduction of met 
hemoglobin to hemoglobin Jlethylene blue is therefore thought to catalyze 
reduction of methemoglobm by’’ enzymes otherwise unable to bring about this 
reaction Ascorbic acid, by contrast, reduces niethemoglobin directly, but is 
never complete ® 

These differential diagnostie featuies are nnpoitant in pioviding the piopei 
therapy^ for methemoglobinemia 


SUMMARY 

A case of congenital idiopathic methemoglobinemia in a 61-yeai 
IS presented The patient was treated with daily oral doses of 300 
ascorbic acid and showed an excellent, though somewhat unusua , 
therapy’’ The case is of interest because of the age of the patient, t e ® 
ity’’ of the disease, and the trend during therapy^ Some of the peitinen 
atuie IS leview’ed briefly’’ 
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LABORATORY METHODS 


A SIMPLIFIED TURBIDIMETKIC SIETHOD OF AUREOMYOIE ASSAY 
FOR CAPILLARY BLOOD AND OTHER BODY FLUIDS 

Coleman M WHiarocic, Jk, MD, Andrew D Hunt, Jr, MD, and 
S\ rviA Ct Tashm\n, AB 
Philvdelphia., Pa 


F rom studies on vaiious methods of bio-assay ioi auieomvcin, a tuibichmetiic 
method has evolved which is sufficiently aecuiate and sensitive in the pies 
enee of body fluids foi investigative pm poses and is snfficienth simple foi 
loutine use It also meets a piime leqmrement foi pediatiie use m that an 
amount of blood adequate foi seium assa}’' can be obtained Iiom a single fingei 
01 heel punctuie Osgood and Giaham’ developed a siimlai tuibidimetiie methcc 
of assaj'’ foi penieillin, streptomycin, and tii valent oiganic aisenieals Meads an 
co-ivorkeis- adapted it to the assay ot auieomycin We found that foi auieonncm 
the aceuiacy of this method in the piesenee of body fluids is inciease ap 
pieeiably by substituting a standaid cuive containing foiu points foi t iesnioe 
standard used by the oiiguial woikeis and that tins change also simp i es 
method by elimmating most of the mathematical details luvohed in compu HL 
the results^ Seveial othei minoi modifications weie also helpful It ^ ° 

seems uoith wliile to publish the details of this method as it is being use m 
labor atoiy 


DETAILS OF TECHNIQUE ^ ^ ^ 

Materials ~A Klett Summeison colorimeter ivitli a No 060 fflter, 
coloniaeter tubes rubber stoppers, 0 85 per cent saline, ^ nntnminited 

C water bath, aa ice water bath in the refrigerator, and stmdar ize , collection 

organism (Oregon J strain of Staphylococcus awiciw— American Type cu u 


9801) are used 


The oiganism is standardized as follows 5 ml amounts o a re 
brotii culture'* aie added to 100 ml amounts of sterile Bacto ® , Density 

(Difeo), uhich is then incubated m the 37° C water bath unti i j,, approxiimtel' 

culture as determined by eolorimotei readings at fifteen minute Ijlank This ususlb 


broth 


to tlireehour 

BroOi 
of tin 


stopped b\ 


transfiU'^o 


the nc 


iiater 


fifteen points (twelve to eighteen points) greater than that o a 
takes two and one half to three hours At this point, growti is 
the culture to the ice water bath Tins, the standardized cu ture, 
bath until used and is made up fresh every four days ^ ^ 

From The Children s Hospital of Philadelphia (Depaitment oi 
cine Unlversitj of Pennsj 1\ ania) t etlerle Lahoratories Division 

Tile aureonijciu used in tills study was supplied > dienilcal 

Amencan Cjanamul Company Tvonirtincat of the trim 

These studies were conducted uiidei contract wit i 
Corps Camp Detriclt Alary land culture 

Received for publication Aug 1 1919 -ai „aniiot, Bioth from tlie Aota 

*This Is prepaied by inoculating Bacto-Tryptose^ refrigerator A fresh s 
The stock culture is kept on contamination before use 

every two weeks Each new slant is checked foi contamma 
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A ‘^enes of pieviously niatdieJ cotton plugged 'itenlo colonmetcr tubes is arranged 
for a'^8ay as shown m Table I As soon, as all dilutions are made, sterile rubber stoppers 
are inserted into the tubes and the solutions agitated by m\eT8ion of the tubes The 
colonnieter is set at zero with the blank tube, and the turbiditv of each remuning tube 
18 read rapidly in a predetermined order Ininiediateli after rending each tube is placed 
m the 37 C water bath Four hours later each tube is indiiiduallj remoied from the 
water bath wiped, agit itod, and reread in the same order 


Table I. ilATETiiLa Adbld to Tpbe*? For Ti ruioimeti ic Assv\ o> AurioMicis 
IV Bod\ Fli ids 


1 

Tl’BE 

1 

\pprOPRUTF 
BODY FLI ID j 
(ML) 1 

[ 

SlLIhE 
(111 ) 

1 MICROCl \MS 0 
PER ML 0 

For IPIVE 
\ss\y 

!■ VLREOM\CtN 

F SALIhEt 

I lOR SETlM 

I tVD SPIN ir 

1 nmn Assu 

bTlNDtlDlZED 
TEST CLLTlTPEj 
(MI. ) 

Blank 

0 

SO 

0 

n 

0 

Control 

Od 

0 5 

0 

0 

40 

Standard 1 

0 1 

0 } 

20 

1 0 

40 

2 

0 5 

Oo 

1 fl 

05 

4 0 

3 

0 0 

Oo 

Oa 

02j 

40 

1 

05 

05 

0»o 

0 12i 

4 0 

Unknown 1 

05 

Oo 

0 

0 

40 

2 

05 

05 

0 

0 

40 

Etr 

Oo 

05 

0 

0 

40 


•Contains no added aureomjcia 

tAureomicIn dilutions freshly made from a 5 000 mS per mlllihttr of aureomjciii solution 
whicii is made up fresh cserj two weeks from lyophlllzed aurcom>cin and kept at i* C 
t Vdded last while still at 4 C 

Computation of the results hinges on the pnmiple demonstrated by 0 e.oo'l' 
in tlie case of a sensitiio organi«ini when sufilcient bacterial growth has occurred to provide 
for differences that can be accurately measured the concentration of the appropriate anti 
hiotic 13 proportional to the square of the difference between the turbidity of a control 
tube and the turbidity of a tube containing tho antibiotic Tlio details are described as 
follows and are illustrated in fable H The increase in turbidity between the four hour 
reading, and the zero hour reading is determined in each of the four standard tubes (con 
taming known amounts of aureomjem), each of the unknown tubes (containing the body 
tluid to be assayed) and the control tube (containing no aureomycin) The increase m 
turbidity (which is the nieasurcmcnt of bacterial growth during the four hours of incu 
hation) of each standard tube and each unknown tube is tlicu subtracted from tlic increase 
in turbidity of the control tube. The difference in turbidity increase between the control 


fNBLE IL COliPOTATIOV OF RESULTb tOR V SEIIUM bTlNDUD Cl.r\E 


j 

TUBE 

yurcoMvcm 

(y PER ML ) 

i 

TURBIpm IN 
KLETT UNITS 

TUTBIDITV 

INCREASE 

(4 Jin 0 nr 
PBADINO) 1 

1 PUFFIEVCE 

1 IV TOimiDITY 
INCrEtSn BE 
TW FEV COV 

T1 or VND ! 

STVNDIKD 

DIFFFUENCE 

IV TUlJlIDm 
INLREASL BL 

TWEFN COV 

T1 01 AND 
STVNDtrD 

SQL vrcD 

1 0 UR 1 1 

4 un 

Control 

0 

40 

133 

b7 



Standard 3 

3 0 

47 

70 

23 

C4 

4 lOi 

2 

05 

47 

So 

S 

4) 

2 401 

3 

0 2o 

44 

102 

oh 

-0 

S41 

4 

0 32o 

40 

121 

7o 

12 

14i 


Coucenlration In saline added to tubes Final concentration Is one tenth of this 
I f tThis reallug corrects for sUtht differences In optical density of the IndUldual tubes and 
IndUldual specimens 
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tube and each of the standard and unknown tubes is squared and is, by definition, iiropor 
tional to the amount of antibiotic present The squared lalues for the stindirds arc 
plotted along the abscissa of seniilog paper against the known concentrations of aureomyciii 
pel niilhlitei of saline (see Fig 1 and Table I) A standard cur\ e is drawn through the 
four points obtained The concentration of aureomjcin in the unknowns is read off this 
cuive using the squared values for the unknowns obtained as described 


serum bTANOARO CURVE 



Difference in Turbidity Increase Between Control and Standard, Squored 


Fis 1 — The four standard points are plotted In largo dots while twelve shnultaueou 
determined intermediate values aie plotted in small dots The concentrations of 
plotted on the ordinate of this graph are ton times the final concentration of aureomjclii n 
standard tubes and therefore coi respond to the concentration of aureoinj cin in o". “01? 
solution before it Is diluted b> addition of saline and standardized test culture (see Table L 


Blood is collected from a finger or heel puuctuie and the serum is separated for as.aj 
as previously described bj one of us ( A D H ) < The collecting tube is made either from 
a three inch length of glass tubing, with one end sealed, or fiom a 7 5 bj 95 nun 
vial The open end is drawn out to a capillary tip and sealed The wide portion 0 
tube IS held over the flame and an air vent is quickly produced in the softened glass J 
expanding air within the sealed tube For the collection of blood, the capillary ip 
broken off near its base The finger or heel is punctured so that a free flow of 
obtained The tube is held in as nearly vertical a position as possible md the bloo 
flows into the tube and down to the base The tubes are stood upright until tie ° 


clotted , then the tube is filed off just above the surface of the blood 


The clot IS broken 


up with an applicator stick and the tube is centrifuged at 1,500 to 2,000 ** * 

mmute for fifteen minutes The supernatant serum is then pqietted off ^ (.oUcct 

pipette for assay After a little practice with this technique, one can consis en y 
1 5 ml or more of capillary blood from a single skin puncture ^ 

Unknown serum and spinal fluid specimens are run in 1 1 and 1 S dilut 
bringing a maximum of S Ag per milliliter of aureomycin within the ^ to 

the method Similarly, unknown urine specimens are run in 1 20 and made m 

detect a range of 5 to 320 fig per milliliter of aureomycin These predi u ions 
the type of body flmd being assayed Serum! for them is obtamed from 

•For maximum accuracy a separate pipette is used for each step in the di 
specimens ously under the con 

tTweiitj individual specimens of human seioim vveie tested siniul ane “‘Jiw.dtv 

ditions of this method and no signiflcunt difference was found in the g organism mbcs 

among these sera Serum howevei does stimulate the tf^owth ^ the j„ all '"‘own 

when compared with the assay broth Keeping the serum concentration an unKOj^^,^ 

of a serum assav controls tins factor However the concentration or le j.|,oice » 

specimen is calculated from the tube with the greatest predilution vvhen iim^ ^ bodv 

most of the bodv fluid in prediluted specimens comes from the same 
used in the standard and control tubes 
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^pmal fluid from air eatcplialogr-xplup and unn<? from laliorntor) pei-soimel VU 

body fluid for dilution of unknown {iccimciis w Icpt frozen until used Correction for 
such dilutions 13 made in cakulntmg tlie results 

Aureoni}cm m a coiuentrition of 1 iug per milliliter lu crum ind -iO ^e. per uulUlitcr 
m acid unne shows no appreciable loss of actnit> wUeii kept it -20 C for one week 
Howerer, aureomjem ui spinal fluid in a concentration of OJj tig per milliliter sliowa about 
a 50 per cent loss of actiiitj if kept at — -0 C overnight Therefore unknown specimens 
of serum and acid urine are kept at -20 C until a convenient time for assaj but spinal 
fluid unknown specimens nre as a\ed on the dav collected The pH of all urine used is 
adjusted to 7" 2 just before oasav 

Replicate determinations of either control standards, or unknowns do not appreciably 
enhance the accuracy of the method separate standard curve is required for eacli type 
of body fluid on each day of assay 


RESUI TS 

The lesults of one hnndicfl and torn consecutite deternunatiojiis of loiomi 
concentrations of auieomjcin intemiediatcly spaced bctttcen the \alues used to 
make up the staudaid cuite are tabulated m Tables III, IV, and V One 
t\peimicnt using seium is illustiated in Fig 1 in winch it will be noticed tliat 
the standard cune oppioaehes a sti light line on semilog papei A sumlai 
sUa%ht line is obtnmed with the othei tw 0 bodj fluids tested The peicentage 
enor of each deteiminntion has been computed For umie, the lange of 
erioi IS 0 to 42 pei cent with a mean of 12 4 pei cent, foi spinal fluid the 
lange is 0 to 35 per cent with a mean of 12 3 pei cent, foi seium the zange 


Tmile III REC0\£a\ OF Knows Concentritions oi AuitEOMrciv in Urive 
F noif 30 C0N<;ECUT1VE HcTERillNATJOSS 


KNOWN y 
MJCfOiliCIN 1 
PER ML. 

i 

1 00 1 

i 1 (0 

0 80 

oro i 

0 40 

0 30 

Kecorered 7 







aureomjem 







per ml 







Dcterimnation 1 

] 48 

1 20 

Oh4 

0 jO 

03G 

0 20 


14N 

1 33 

OS4 

ObO 

0o9 

0-7 

3 

1 50 

1 » 

0 SO 

0 02 

0 50 

0 33 

4 

1 55 

] 40 

0 00 
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Tvblf IV Kecoveit of Known Conlfni-rvtions o> \DrE0M\tiN in Sirust 
iioil 36 CoNSEIOTIVE DETErMlVVTlOVS 
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0 14 
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0 02 
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Tvble y Recovery op K^owN Concentrations of Aueeomycin in &pin\l Piuid 
From 32 Consecutive Determinations 


KNOWN 7 1 

AUrEOWlCIN 
PER ML 1 

0 87 

0 SO 

m 

0 62 

0 60 

0 40 

0 37 

0 30 

1 

0 20 

0 15 

Reeoveied 7 
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per ml 
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tion 1 

0 67 

0 73 

0 47 

0 53 

0 57 

0 33 

0 29 

0 25 

017 

013 

2 

1 00 

0 78 

0 47 

0 53 

0 02 

0 33 

0 29 

0 20 

019 

013 

3 

_ 

0 78 

— 


0 62 

0 40 

_ 

0 30 

0 20 

014 

4 

- 

0 78 

- 

- 

0 68 

0 44 

- 

0 32 

0 20 

Oil 


IS 0 to 35 pel cent, with a mean of 8 3 pei cent The accuiacy of this metliod 
appeals to be distinctly supeiioi" to that we achieved, in the piesence of 
body fluids, ivith the oiiginal tuibidimetiic method of Meads and a serial 
dilution method of anieomyciu assays Furthermore, it is possible to detect 
0 1 /.ig of anieomycin pei millilitei oi less in the piesence of the tluee body 
fluids tested, so that its sensitivity conipaies favoiably with the sensitivity of 
the other methods cuiiently in use^ The method is not as accurate in concen 
tiations below 0 125 fxg pei niillilitei as in higher concentrations, howevei 

CONCLUSION 

A modification of hleads’ tiiibidimetiie method of aureomycm assay has 
been described It appears to provide a simple and aeciiiate means of assaying 
low concentrations of anieomycin in small volumes of various body fluids 
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A MICROMETHOD FOR BLOOD PENICILLIN ASSAI 


Gavin Hildick Smith MD, ind JLvbi Fell, BS 
Phil idelphi v P v 

I N MAKING fieiiuent penicillin plasma detcrmimtioiis in childien, it is help 
fill if a method can he used nhich icquiies such a small amount of blood for 
each assaj that it can he obtained from a punctuie uound of the finger as 
opposed to withdraual hj venipuncture Fielding' desciibed a micromethod 
requiring as little as 0 25 ml of fluid foi assav in uhich the test oigauism was 
the 0\foid strain of Stapliyloeocciis auietis „io«n in glucose serum medium con 
taming Andrade s iiidicatoi The principle of the test was the detection bj 
means of the coloi indicatoi, of the pH chuige induced in the medium bj the 
breakdown of glucose dining the growth of the test oioanism Wlien the 
oioivth of the oiganism was pieientcd hj a gneii imoiint of penicillin then no 
color change would oeeiii The minimum amount of peiiieillin which prevented 
the growth of the oigantsm was that present in the last tube shownng no coloi 
change 

In the piocedttre desciibcd bv Ficldiii, the test oiganism and bodj fluid 
to be tested wore mixed on a paiafliiicd slide and then taken up in cipiUan 
tubes following the technique of Fleming ^ Because this technique is not com 
nionlj emplojed routineh in this countiv it seemed sdvnsable to attempt to 
utilize the same piinciplo and devise a miciomcthod emplovnig the more eon 
ventional piocedures involved in serial test tube dilutions The method to be 
described fulfills the following ciitern (1) It leqiiiies oiilj that amount of 
blood which can be taken easih fiom a fingei prick (2) It uses an easilv 
prepared test medium (3) The end point is easilv lead bv means of a sharp 
color change (4) The piocedure is one commoiilv emplojed in serologv (5) 
Finallj its aeeuiacv appeals to be supeiioi to that obtained by the widely em 
ployed method desciibed oiiginallv bv Raninielkamp“ and fiequentlv modified 


TECHNIQUE 


Colfecttnff of Blood — The tube ■which was found conienicnt for drawing blood and 
separating the scrum has been described previously* and is illustrated m Fig 1 * 

Blood was taken from finger or heel puncture b> j.pillnry attraction and allowed to 
clot m the body of the tube The lube •was then filed and broken off aboic the level of 
the blood which was then centrifuged nt 1 500 to 2 000 rpm for ten to twenty nimutes The 
serum that separated was pipetted off for te<«ting 

Organism — The organism used in this laboratory was 'itaph aureus (FDA strain 
”09) There is no reason wli> am penicillin sen itne easilj cultivated organism could not 


, Irom The Children Hospital of Philadelphia (Department of Pediatrics School of Me II 
cine Uniierslti of Pennsjlvanla) 

^ The work clescrffaetl In this paper was done under a contract with tJie Bioioffical Depart 
nient Chemical Corps MV DI\islon Camp Detrick ircderick Md 
ItcccKcd for publication \ug 1 1949 

vials Oj by 7 5 mm or gla s tubing of " » mm bore and of con\enIeut length (00 to 
iw mm ) sealed at one end can be used Tlie open end is drawn out to cnpillarj tip and calcd 
V itmll hole Is blown througli the wall of the tube b> heating it mm below the beginning of 
tlio capillarj portion 
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be ubed equally T\ell The organism, after a preliminaij incubation at 37° C, was kept as a 
stock culture on plain nutiient agar (Difco) m a refiigerator It was subcultured once a 
week onto fresh agar When required for the test, the organism was transferred to nntrient 
bioth (Difeo) and incubated at 37° C for eighteen hours A poition was then diluted 
1 1,000 in the assay medium to be described below 





Fig 1 

Ifediwm The assay medium was phenol led dextiose bioth made up as follows 


Nutrient broth (Difco) 8 Gui 

Dextrose 5 Gm 

Aqueous phenol red 25 ml 

Distilled watei 1,000 ml 


This was adjusted to pH 8 with N sodium hydroxide using the phenol red (0 01 
per cent concentration) as indicator, the final color being red After autoclaving for fifteen 
minutes at 13 lb, the medium was ready to use without further adjustment of the pH 

Procedure The test was arranged so that one half step dilutions were used, and a 
triplicate penicillin control test was included with each series of unknowns 

Control This w as included routinely to detect the sensitivitj of the teat orgamsm A 
penicillin solution was made up in the assay broth in such a way that the pemcillin conecu 
tration was 0 5 unit per niillilitei The one half step dilutions were made as follows Three 
sets, each containing tlmteen plugged, sterile Wassermann tubes (100 bj 13 mm), were 
arranged in suitable racks In each set of tubes, the following steps weie earned out The 
test medium (phenol red dextrose broth) was added in 0 1 ml amounts to tubes 1, 3, and 1 
to 12 inclusive Tube 2 was left emptj, and 0 2 ml of the test medium w is added to tube 
13 The penicillin solution was then added in 0 1 ml amounts to tube 1 which made a 1 - 
dilution and to tube 13 which made a 1 3 dilution Tube 1 (1 2 dilution) was then used 
after thorough mixing, for preparing one senes of twofold (one step) dilutions by trans 
fernng 0 1 ml , seiiallv to the odd nuiubeied tubes 3 to 11, 0 1 ml from tube 11 being dis 

carded Prom tube 13, winch contained 1 3 dilution of pemcillin, 0 1 ml was added to tlio 

emptj tube 2 (1 3 dilution) and to tube 4 which already cent lined 0 1 nd assaj broti 

(1 6 dilution) Tube 13 w is then discarded Tube 4, after thoiough luixuig, was used to 

mitiate the second series of twofold (one step) dilutions by tiansferring 0 1 ml seriallj to t ic 
even numbered tubes 6 to 12, 0 1 ml fiom tube 12 being discarded Tubes 1 to 1- *'* *^’'^ 
set then contain 0 1 ml of assav medium, with concentrations of penicillin decreasing roni 
1 2 to 1 96 by one half steps 

Test Fluids — A maximum of 0 2 ml was icquned foi each test fluid Except that o 
one set of tubes was run, this was handled m a similar manner to that just describef, 
fluid taking the place of the known penicillin solution 

Test Organism— 01 ml of the 1 1,000 dilution of the eighteen hour 
organism described was then added to everv tube ind the complete series incubate 
night at 37° C 

End Point — Smee, with this indicator, a change from red to jellow indicate» 
ing of pH resulting from bicterial grovrtli, the end point was taken as the last tu e 
set m which the original red color of the medium was unaltered This end gnJ 

quite sharp Since the controls were set up m triplicate, it sometimes occurred t la 
point varied somewhat in one of the three sets, although this variation w is “ gP 

than one half step off in either diiection The end point taken was tint invalid 

the three control sets If there was no such agreement, the test was consicere 
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Calculation — Firat^ tho senaiU\itj o£ the organism i\a3 calculated from the contiols 
Smco tlie concentration, of penicillin in the first tube of each control aeiics ivaa 0 5 unit per 
raiUUiter the concentration in any subsequent tube could be calculated by dividing 0 5 unit 
per milliliter by the reciprocal of tho dilution of tint tube For example, if the end point 
m two of the three control senes was found to bo tube 7 or a 1 16 dilution then the organism 
Oo 

i\as ocnsitue to a concentration of — — or 0 03 unit per milliliter 

The concentration of penicillin in anj unknown body fluid was easilj calculated b) 
multipljang the sensitivitj of tho organism, as determined m the preceding paragraph by the 
reciprocal of the dilution of bodj fluid contained in tho end point tube For example, if in 
the test the sensitivity of tlio organism was 0 03 unit per milliliter and the end point of 
the bodj fluid being tested was found to be tube 5 or 1 8 dilution then the concentration 
of pemcilhn m the original bod\ fluid was 0 03 x 8 or 0 24 unit per milliter 

In the labonitory it was found eomeniont to record the dilution and the end points 
of the controls and the te^t fluids on squared paper Thu avoided any mistake in the 
dilutions (Table I) 


i \BLt I SVMPJl Cjimii fou Micio Pfvuiliin Assvx 


TUBE 

1 

2 

3 4 0 0 

7 a 0 

10 11 12 


DILUTION 


3 

4 6 8 12 

10 .4 ol 

48 1)4 06 

PEVICILLIV 

TENiaLUN 
(DNITS/ilL ) 

025 

017 

0 125 0 085 0 06o 0 04 

0 03 0 02 OOlo 

0 01 0 0075 OOOo 

(UMTS/ML.) 

DETECTED 

Control 1 

2 



X 

X 

X 

} 

0 03 


Pt 1 

i hr 


li hr 


3 hr 

Pt 2 

i hr 


li hr 


3 hr 

Pt 3 

i hr 


li hr 


3 hr 


0 96 
0 36 
Old 
144 
0 4S 
OIS 
0 48 
0 48 
0 24 


Accuiacif of Method — This method was fii-st tested on fi\e different 

occasions by attempting on each occasion to deteiniine the amount of penicillin 
in each of fi\e twofold seiial dilutions of a Iviiown concentntion of penicillin m 
distilled water Table II shows the results obtained b> the method just de 
scribed It can be seen that the iccovcries at each dilution weic lemarkablj 
close to the amount of penicillin aetuallj picseiit The avciage of tlie tests 
''as ± 8 pel cent, although nidnidual readings sometimes deviated ns much as 
44 per cent Comparison with the lesults obtained bj the Rammelkamp method 


Table II DETi-rwiNVTioN ot Accuiacv oi MicROiiFTiioD oi Pemciluv \ssv\ 


known tevicilun 
CONCENTRATION 1 


UNlTS/ML 

OF PEVlCII UN 

IN SErUM 


1 0 1 

05 

10 



Tcit 1 

U 1- 


1 ua 

1 0. 

S 84 

Test 2 

0 12 

0 72 

1 ns 

1 92 

3 84 

1 


0 4$ 

1 os 

1 )- 

3 84 

lest 4 

0 12 

0 72 

(1 7- 

I 92 

84 

Test 5 


0 4$ 


1 92 

3S4 

Vvemgn 


0 j7 

1 0 

1 0^ 

84 
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(Table III) indicates that the iiiiciomethod was moie accuiate Howevei, tlieie 
appealed to be a definite lelationsliip between the two, the mieiomethod givmg 
a consistently highei leaduig by a faetoi of 1 6 Fig 2 shows a giaphic com 
paiison of the known concentiations of penicillin and the lecoveiies by the Uo 
methods used 


Table III Determivation oi Alcdrvcy of the Modiiied Rvauielkamp Method of 

Penicillin As^vy 


KNOW N PEMCILLIN 
CONCENTRATION | 


UMTS/lIL 

OP PENICII LI\ IN 

SERLi M 


0 1 

0 5 

10 

20 

40 

Test 1 

0 052 

03 

0 832 

122 

2 43 

Test 2 

0 052 

03 

0 S33 

122 

2 43 

Test 3 

0 052 

03 

0 624 

1 22 

3 43 

Test i 

0 053 

03 

0 624 

1 22 

24i 

Test 5 

0 052 

0 3 

0 024 

0 91 

2 43 

Average 

0 052 

0 3 

0 71 

1 15 

2 43 


COMPARISON OF MODIFIED FIELDING AND RAMMELKAMP 
METHODS OF PENICILLIN BIO-ASSAY 


o Fieldin0 

Rammtlkamp 



Following the demonstiation that known amounts could be 
a good degiee of aecuracj^, this test has been used successfully foi an 
loutine assacs of penicillin le\els m body fluids 

A mieiomethod foi the estimation of penicillin levels ni jjjooJ 

body fluids, leqiiiiing only 0 2 ml foi the test, is desciibed >V 

can be collected com enienth fiom a single punctuie woiinc o 
convenient collecting tube foi obtaining seium is desciibed an 
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The piinciple emploHd m the test is the detection of 5;io%\th ot the test 
oi-gauism 111 a glucose coiitaiiuua medium b> the demonsti itioii of scid foma 
tiou the coloi chauj^e ot a suitable indicatoi The end point is taken as the 
last tube to show no evidemi. of (oloi chdUrsO B% ineludins Lontiols in each 
test, the qinntUi ot peiucilhn in in unknown peuiciUin fluid can he calculated 
The accurac} of the method is 4ieitoi lu oui hands than the commonly em 
plo\cd Bammelkamp method and it has proved a couiciutnt assa^ method foi 
routine use in children 
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THE PEODUCTION OP ANTIEABBIT HEMOLYSIN 

Ardzroony a Packchanlust, Ph D 
Galtoston, Texas 

T he hemolytic system most commonly used in eomplenient fixation tests 
consists of sheep eiythiocytes and antisheep hemolysin A supply of 
flesh sheep eiythiocytes foi the peifoimanee of the test necessitates constant 
maintenance of a few sheep on the pieraises, which is often ineoiiveiuent At 
tempts have been made by Veddei^ and by me- to oveicome this difficulty by? 
diifeient hemolytic sj^stem The object of the piesent conimumcation is to 
deseiibe anothei modification, in ivhich the role of labbit and sheep is leveised 
Eabbit eiythiocytes aie emxiloyed with an antiiabbit hemolysin of the sheep 


lIETHODS AND MATERLVLS 

Five sheep vere selected for this stud}, two adult males, two adult females, and 
ouo female lamb 

To each 50 ml of freshl} drawn labbit blood about 2 mi of 0 4 per cent so mm 
citrate were added to prevent clotting The ei} throe} tes were washed three times m 
sterile 0 9 per cent NaCl solution and the packed red blood corpuscles were resuspen e 
in equal volume of saline for inoculum 

Hemol}zed rabbit red blood cotpuscles and the stroma of rabbit erythrocytes as pre 
pared by Vedder were tried out as an alternate inoculum 

The inoculations were either intravenous or subcutaneous or botli, and t e os^ 
for each inoculum varied from 5 ml to 200 milliliters Control blood samples 
from the sheep before initial inoculations Samples were taken also at the en ® ^ 

course of immunization and after inactivation at 56° C for thirty minutes they were 
for hemolysin 

Antirabbit hemolysin titrations were made with 2 per cent washed ra i 
0 } tes 111 some of the tests, titiations were made with blood taken from the same 
that had been bled previous!} for immunization of the sheep nnlvsm 

Pooled guinea pig complement iii dilutions of 1 15 and 1 30 was used m e 
titrations The titration was checked by usiug the standard Eolmer hemo}sm 
test w ith antisheep henioly sm lud Z pei cent sheep red corpuscles 

Wassermanu positive and Wassermann negative human sera were teste wi 
rabbit hemolysin and 2 pei cent washed rabbit erythiocytes by the modifie 
and with the standard Eolmer Wassermann complement tlxation test, o > 
results were compared 

EXPERIMENT VL DATA 

The five sbeep ii&ed in tins study difteied ui then pioduction of a 

hemolysin eiytbiocjtes 

The sheep winch weie moenlated with large doses oi ^ 
at fiequent inteivals pioduced hemolysin pioinptlj and ni ngie 
paied with the sheep which weie inoculated with smallei coses o 

V rf Microbiology School 
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even wlien moculationa weie spread over a longer period of time When sheep 
were immunized foi hemohsiii, it r\as noted that agglutinin for labbit erjtliro 
cytes oceuired much soonei and in lughci titer than did antirabhit hemolysui, 
particularly tvhcn the period of immunization «as pioloiiged Thus Sheep A at 
the end of seventeen dais had no hemoljsm nhile the agglutinin titei ivas 
1 2,400 The same sheep at the end of nuieti tliiee dais of immunization had a 
hemolysin titoi of 1 30 and the igglutinm titer ivas 1 10,240 

In Sheep D and L, ivlueh iiere immunized m massive doses and at frequent 
intervals, agglutinin and hemohsin occmienee uerc almost simultaneous 

The results of the production of aiitiiabbit liemolisin in sheep ate sum 
inarized in Table I 

Sheep A (male) iiliich was immnnizcd iiith small quantities (5 to 10 ml 1 
intravenously of washed rabbit ei i tliroei tes produced hemoljsm after sixty 
lime days of immunization hoiiciei duiing the entiie course of immunization 
(mnety three dajs) heniohsni fitei iiei cr exceeded 1 30 

Sheep B (male) leeeiied sixti nine injections totaling 250 ml of lysed 
rabbit erythroejtes and 2 455 ml of washed rabbit orvthiocjtes in a period of 
290 dais The immunization of this sheep i\as begun iiifh small amounts (10 
ml ) of hemolyzed rod blood coipiiscles Dniing fifti dais of immunization, this 
sheep was inoculated uinetecu times uith 190 ml of hemolyzed etjthroeites 
At the end of this peiiod, the hemolisin titei was only 1 4 Since the lysed 
corpuscles failed to pioduce a significant licmohsin titoi and inasmuch as Sheep 
A already had pioduoed hemolysin foUoiviiig injection of intact erythro 
eytes, at this stage tlie inoculation of lysed erythiocytes uas discontinued 
Subsequent inoculations intli rathei laigc doses (25 to 100 ml per inoculum) 
o£ Ultaet eiythtoeytes luci eased the hemoljsm titci to 1 80 Prolongation of 
inimunization instead of incteasmg dcci eased the hcmolism titer to 1 20 (see 
Table I) 

Sheep C (female) leceiicd Ihiity injections totaling 1 400 ml of washed 
rabbit ei-jthrocites and 110 ml of stroma of rabbit erythrocytes during a period 
of 234 dais The immunization of this sheep uas begun iiith rathci large doses 
of Hashed rabbit eiytiiioeytes and the highest lieinolysin titei obtained was 
120 Since the sheep manifested mild anaphylactic sjanploms, nitraienous 
inoculations uere substituted iiith stroma In spite of furthei immunization 
'zitli stroma, ivhich subsequently was folloiicd with intact orvthiocjtes, the 
hemolysin titer did not increase (see Table I) 

Sheep D (pregnant female) was immunized iiith fiftj four injcctious total 
uig 4 200 ml of Hashed labhit erythiocitcs m a 212 day period The immuiiiza 
t’oa of this sheep was done iiitli massive doses and at frequent inteiials 
Hemoljsm with titer of 1 40 was present as early as tiientj thiee dais folloiiing 
iiiitial inoculation While the sheep was undergoing imimunzatioii, it gave 
hirth to a lamb Pom days after the lamb was boin, blood samples taken from 
the sheep showed hemolj silt titei of 1 320 Subsequent inoeulations w ith 50 and 
100 ml of washed erithrocvtes weie at times accompanied with slight to 
uiodeiate anaphylactic leactioiis such as sneezing coiiglniig discharge of feces 
•nidhloodj unne wealaiess imbility to move salivation tremors, niil dyspnea 
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In spite of contimiation of iinmiuiizition the hemoKsiii titei ne\ei exceeded 
1 320, but dimiiiislied to 1 40 Duiiiio the hst iiitn\cnous mocuHtioii, the 
sheep died of anapln 1 lotic sliock 

Sheep E Tins female lamb bom to immiiiii/ed Sheep D Mas tested at 
the age of 2 months foi the iiioscnee of possible anliiabbit hemohsm Mith 
negative results Tins Mas folloMod h\ foitv injections of labbit led blood 
corpuscles totaling 2 510 ml dnrm^ daas The first sc\en inoculations Meic 
made intiaveiioush in 200 ml imoinits c\ei\ othei dn The highest hemolvsm 
titci obtained at \niious stages of immnin/'ition \ as 1 20 (see Table I) 

•Intiiabbit hemoljsm Mith a titei of 1 40 oi aliose and a 2 pei cent sus 
pension of Mashed nbbit enthiomtes uas tested uith Wasseinnnn positiie and 
IVassumann negatnc hum ni sei i b> Kolmei tochniqiie because of the Iom 
hemolj tic titei of antnabbit htmoUsm ulatueh hige amounts of tins liLmolj sin 
\\ero used As a contiol pai illcl tests mcio made Mitli Kolmei Wassermaim 
method Foitj tMo s^pluhtlc and folt^ two noimal sen Mcie lun b\ each 
method The lesults of this test mcic clcai cut and knoMii positi\e samples ^ase 
positive leadings and negative samples ga\e negative leadings b\ both pio 
cedures The findings the expeniiKntil method ueie identicnl uith those 
obtained Mitli antisheep hemohsm and mshed sheep entliioejtes as used m 
the usual Wassennanii test 

SUMMARY 

Antuabbit liemolvsin nas pioduccd m sheep by inoculating them in 
traveuously and subcutaneously ivith washed rabbit led blood corpuscles The 
hemolysin titei acquued by these animals laiigcd fiom 1 10 to as high as 1 320 
Hemoljzecl eijtluocjtes and stioma injected into sheep foi the pioduction 
of hemoljsm did not produce ns high a titer as washed ei\tlirocjtes 

'^tuabbit Iiemoljsin and 2 pei cent washed labbit ci\throcYtes weie used 
m testmg svphilitic and noimal sen bN modified Kolmei AVasseimaiin technique 
The results obtained in eien instance weic clem cut nnd of dngnostic laliie 
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DIFFERENTIATION AND ENIBIERATION OF EOSINOPHILS IN THE 
COUNTING CHAI^IBER AVITH A GLYCOL STAIN, A VALUABLE 
TECHNIQUE IN APPRAISING ACTH DOSAGE 

ThERON G R.VNDOLPH, M D * 

Cpiicvgo, III 


T he deciease in the ciiculatiiig eosinophils following the intiamusciilai in 
jection of adienocoiticoti opine hoimone (ACTH, Airaoiii) was fiist de 
seiibed by Hills, Foisham, and Fiiich^ and subsequently by Heilman - The m 
Cl easing inipoitanee of ACTH in the diagnosis^ and tieatnient^ ^ of vaiious 
clinical conditions as well as in othei clinical studies of the effects of tins 
hoimone®* ’’ undeiseoies the importance ot a simple, lehable teelmiqiie foi 
enumeiating eosinophils, as the level of these cells in the peiipheial blood niai 
be a geneial index of the sensitivity of the gland stimulation and inaj be a 


geneial guide to adequacy of dosage in a given ease®*® 

In this connection the meiits of a ivhite blood ceU diluting Find of eqiia 
paits propylene glycol and watei containing phloxine and methylene blue as 
stains should be le-emphasized because it is the simplest and most accuiate 
method of enumerating blood eosinophils This point is impoitant because tie 
numbei of cii dilating eosinophils is a geneial guide of adequate dosage o 
ACTH in ti eating vaiious disease syndiomes Although oui own obseivatioib 
in this lespeett aie not leady foi publication, a leview of tl e technique app 
in enumeiating eosinophils seems indicated because of the lapidly meieasuu 


medical inteiest in adienocoiticoti opine hoimone (ACTH) ^ 

Hypotonic diluting fluids of the type oiignially desciibed bv Dungei o 
as modified by Hills, Foisham, and Finch’^ and Thom and associates 
entiiely satisfactoiy foi counting eosinophils in the peiipheial bloo 
statement is based on the expeiience of employing Caniaia and 
modiflcatioii of Dungei ’s diluting fluid coiisistuig of 5 paits of pei ^ 
aqueous eosin, 5 paits acetone, and 100 paits distilled watei foi a 
thiee yeais in studying cases of food and ding alleigy The staining ui 
by those studying the effects of ACTH is identical except that pei 


stead of 1 pei cent aqueous eosin was employed 

The inadequacies of this tjpe of diluting fluid weie fii&t poin 
1944 It was deteimined that the countmg chambei estimation o 
by means of hypotonic diluting fluids containing eosin as nio ^i^ 
Dimgei ’s original deseiiption lemanis subject to consideiable eiioi ^ 
ruptuied oi “ghost” cells aie identified by clumps of bi 

letained in poitions of the cell membiane In 1947 it nas ^eiioi Ri that 
nie^® that the use of such diluents was fiaught with consi eia cei taint' 

one fiequently encounteied mdetei inmate foi ms that coul no 


Received for publication Aug 19 1949 , school 

•Instructor m Internal Medicine Northwestern Univeisity Da\id E- ^Vi^^tCTH 

■f These studies were conducted through t*'® disease syndroin®^ ^ 

Dr Smith Freeman who are studjing tne effect of ACTH on dl Laborator 

was obtained through the courtesy of Dr John R Mote of the -an 
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be classified as eosinophils In addition, a gieater absolute number of eosino 
phils usually was obtained fiom employing this tjpe of hypotonic diluent than 
was deteimined from perfoiming paiallel stained film differential counts It 
was further pointed out, howevei tliat the eiiors inheient in this method be 
came less significant if the determinations weie made with a shoit but constant 
time interval elapsing between the dilution of the sample and the completion 
of the counting These obsenations have iccentlj been confiimed by Hennemau, 
Wexler, and 'W’estenlla^ er In their e\pciience with tlie Danger technique 
as modified by Thorn and associates there was a large and rapid dcciease in 
the eosinophil cell count with passage of tunc aftci dilution of the blood and 
with ageing of the oxalated blood Because of this and othei leasons, these 
authors weie unable to lecommend the use of this tjpe of diluent 

The so called “hemolytic^’ and sohent piopeities of piopjlenc glycol sug 
gested its use as a white cell diluting fluid and staining base in 19-13 Upon 
close! observation it was learned that the appaient hemoljtic action of the 
glycols, as repoited by Von Oettmgen and Jirouch was not a true hemolysis, 
but that the disappeaiance of human er>throc>tcs suspended in equal paits 
propylene gljcol and watei was due to the fact that the led blood cells lapidly 
assumed the same density as the suriounding media and thus became relati\elj 
iionrefractile This phenomenon was studied in moie detail by Randolph and 
^lallery^^ who were able to demonstiate tliat a mi\ture of liuman blood m 
equal parts piopylenc gbcol and water appearing to be hemoljzed as MCwcd 
giossly in a test tube oi under the light micioscopic field actually was not 
hemolyzed when Mcwed thiough the daik field micioseope Undei these cir 
ciimstauces the eiythiocjtes retained their normal contours 


The technique described m 10441* and employed lu subsequent studies consists of the 
following 

Given amounts of stock solutions coutaiiung 0 1 per cent methylene blue in propylene 
gljcol and 0 1 per cent pliloxino in propjlcno gl>col are eacli diluted with an equal volume 
of distilled water and placed in dropper bottles For example 


Solution I* 


0 1 per cent metliyleno blue in prop>Icuc gljcol 50 0 c c 
Distilled water 50 0 c c 

Solution n 

0 1 per cent plilo\ino in propjlene gljeol i^O 0 c c 

Distilled water uO 0 c c 


Tho final white blood cell diluting fluid is made bj mixing an equal number of drops 
of Solution I and Solution II in a test tube this remains usable for approximately four 
liours After standing for longer periods differential staining detail maj become impaired 
Jind precipitation of djes mav occur Curiouslj, prior to four hours the two dyes do not 
seem to mix completelj as shown by the ability of the pliloxine to disperse in a filter paper 
dt a greater rate of speed than does tho methjlcne blue a drop on such a medium separating 
^ to color and leaiing a blue center and a red pcriplierj in a manner akin to the principle 
i-mployed in paper chromatographj 


,, Va has been pointed out tho effect of propjleno bl>col on cr>throcit s as far as the 
of the reappearance phase Is concerned Is dependent uj on concentration of llio gly 
'jOi and the temperature Occaslonallv tho loss of water from the stock or worklnp solutions 
me to evaporation Increases the relative concentration of propjlcno bI>co 1 to tho point that in 
rP™picr weather tlie red cells in'v> reappear* before ono has an opportunity to enumerate 
len leucocytes. This la remedied by n aklne up solutions containing^ 40 or 45 per cent propi 
»cnc gljcol Instead of tho recommended 50 per cent 
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BeLiuse of the viriation m staining ability between lots of djes, optimum acid and 
basic staining may sometimes be obtained b^ making a slight change m the relatiie 
pioportions of Solution I and II in the final diluent For example, four parts of Solution I 
and SIX parts of Solution II might result in better staining techmque than if equal parts 
of the two Mere mixed 

Under eertain circumstances the phloxine tends to crvstallue out in long narrow 
irastals from Solution II, this maa occur after the solution has stood seieral weeks and 
iua> be remedied readilj by simple filtration or by preparing Solution II from the stock 
at monthly mtenals 

Experiente indicates that it is helpful to clean the pipettes with agents other than 
acids 01 to be certain that acid radicles are completely lemoied from the interiors of the 
pipettes as a result of repeated rinsing Cleaning the pipettes yith nater and drying b\ a 
final rmse with acetone and avoiding the use of a senes of bottles also employed in cleaning 
pipettes containing acid diluents aids in aaoiding complications m the use of this technique 

Total and differential white blood cell counts aie made using the staudanl 
pipette and counting ehanibei The pipette is shaken duiing the couise of and 
immediately aftei filling If the ehambei is chaiged immediately aftei diluting 
the blood and shaking, a peiiod of fiom thiee to five minutes is leqiuied for 
the “disappeaiance” of the led blood cells and settling of the leucocjtes piioi 
to detei mining the total white cell count A total peiiod of fiom ten to fifteen 
minutes is recommended foi maximum staining of eosinophils and othei leu 
cocytes Blood may be left in the pipette foi vaiying peiiods, including oiei 
night, without a significant change in the staining qualities of the cells oi ni 
the total leucocyte count, an obvious advantage over the use of hvpotonic 
diluents employed in enumeiating eosinophils 

Undei the low magnification (16 mm objective) eosinophils may he 
difieientiated fiom othei cells by then biilliant led coloi and slightly laigei 
size The contiast in eoloi is intensified by incieasing the light and laising 1 
condensei of the micioscope The eosinophils ni one side of the coimtmg 
chambei (0 9 e mm ) oi in the entiie luled aieas of both sides of the cliaro er 
(18 emm) aie coimted and multiplied, lespectively, bj 22 and 11 to o ai» 
the numbei pei cubic millimetei of blood 

The diffeientiation and enunieiation of iiolymoiphonn clear and monon^^ 
clear cells are accomplished to best advantage by the use of high inagm ca 
(4 mm objective and 15x eyepiece) The first 100 cells encounteie aic 
classified 

In tins diluting fluid all white blood cells lemaiii intact, lound in co^^ 
and lelativ^ely large in size The granules of the eosinophils stain bii i 
the nuclei of all cells aqiianiaime, this peimits the difteientiation of 
fiom other vvlnte blood cells even in the presence of highly fiagi e e 
as observed in leucemia and othei blood disorders 

The increased viscosity of this medium is advantageous m duff 
pouit in filling the pipette may be leached accniatelv, theie ^ 

and clumping of white cells, and there is no tendency tovvaid over ov^ 
ing the chambei The clear background of the counting chanihei 
tiveh slow rate of evapoiation from it are also adv'antageoiis 
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The (Ufteicutiation of eosinophils m the same samph of blood employed m 
determining the total leucooxte eonnt results in i miniinnm possible eiror in 
compirison with altcrnatue methods 

Finallj, the gljeolstnn Icehmqne ilso ptiinits the counting cbambei 
enumeration of polyinoiphonucleai and mononuclear leucocytes even m the 
piesGUce of inaiij aounj: imoloid elements as ohsened in the eomse of acute 
allergic reactions following the ingestion of allei genic dnigs^® 

The accuiac> of the <ounting ehamhei tiunnciation of eosinophilis on 
one side of the chambei (0 9 cmni ) using the piop}lene gheol technique as 
compared witli tlie standaid method of enumeiatmg eosinophils that is b^ 
determining tlieu uumbei as n losult of perfoimmg 200 cell film differential 
counts and apphnig tlie peiccntage obtiincd to the total leucocyte count, was 
studied by Randolph and Stanton emploMii^ paiallel ohscnations fiom the 
same fieelj bleeding punctuie i\<mnd Siuh determinations i\eie made in 
100 normal pei'sons and in 400 instances in allergic induiduals who had \ary 
ing degrees of eosinophilia hinalh, ten of the lattei subjects mcic subjected 
to tea parallel eosinophil counts each bj the tiio techniques 

Table I lists tlic ma\imuni minimum mean uid standaid de\aation 
determined as a result of the statistical anahsis of tlicse ten observations pei 
subject bj each of the two toehniques 

Txble I EosisopiiiL Counts as DtTEnincEo js Eschepativo tub Eosikophils is 
OS£ SlBB OP the COUNTlNQ ClIMIQER (09 TMU) COMPVRED ^MTU THE DiPFERENTUL 
EmiMERATION OP EOSINOIHILS FnOjf I EKFORMINC 200 CELI DlFFERrUTIAL COD^TS 
From thp Stained Film 



EOSINOPHILS IN 00 cMM OP CnAMBEf 

WITH THE PrOPYLENE 01 V COL 
TECHNIQUE 

EOSI JOPUILS PEOM 200 CELL FILM 
DIFPERENTUL COUNTS 

MAX 

! MIN 

1 ME.VN 

j S D 

MVi 

1 MIN 

1 ME.VV 

! ^ » 

Ch 

210 

a 

OS 

27 0 

113 

0 

01 

40 0 

U 

710 

402 

j62 

83 4 

722 

420 

5a3 

200 0 

G 

799 

555 

073 

92 0 

1 241 

453 

707 

{>90 O 

P 

790 

COG 

726 

53 0 

1 278 

402 

076 

229 4 

M 

977 

888 

932 

39 8 

1 201 

591 

785 

153 0 

Q 

10S8 

755 

951 

1173 

1150 

5o2 

849 

204 0 

Co 

1379 

755 

1097 

203 0 

1411 

DSl 

2 204 

13o 5 


2 065 

2 221 

1,461 

303 2 

1937 

1001 

1448 

249 3 

E 

1 709 

1 332 

1474 

158^ 

1725 

2 003 

1 397 

2E4.5 

B 

2 SG5 

2 222 

1543 

10T3 

2 ilS 

1 4S4 

2 S50 

216 0 


Prom these studies it was dctumiiicd that the enumeiation of eosmoplnls 
on one side of the counting chamber (0 9 emm ) was a moic accuiatc method 
of deteiTOimng the numbei of these cells than the lesult of a differential count 
of 200 Icucocjtcs from tlie stained film employing the covei slip technique 
Jnd a standaid method of sampling the stained area 

Heniicman ^VeNlcl and AVcstenhavei** lecentlj compared the effective 
ntss of phloxnic in equal paits piop\leiii glvcol in watci (Solution II of tins 
combined stain) with Thom s modification of Dnngoi s hjjiotomc diluting fluid 
1*1 cuumci-atmg eosinophils In their expciiencc witii tliesc two chamber tech 
Cliques, the diluent composed of phloxme in piopjlenc ghcol not only pro 
vided more consistent results and no evidence of dcstiuetion of eosinophils but 
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also was piefeiied by them because of the ease in identification of cells, de 
cieased evapoiation of the diluent fiom the counting chambei, gieatei lepro 
ducibility of lesults, and because no lefiigeration of the diluent was requiied 
They confiimed oui expenence in using the eosm-acetone hypotonic diluent, 
commenting specifically on the luptuiing of eosinophils in this medium and 
the laige and lapid deciease in cell count -with passage of time after dilution 
of the blood and with ageing of the oxalated blood 

Because of the moie aceuiate enumeration of eosinophils peimitted witli 
the use of the glycol counting chambei stains, eithei the phloxme pait of the 
diluent alone oi the combined stain dilutmg fluid is piefeiied ovei alteinatne 
methods in following the levels of blood eosinophils in patients iindei treat 
ment with adienocoiticoti opine hoimone (ACTH) 


SUMMARY 

A white blood cell diluting fluid of pliloxme and methylene blue dissolved 
in equal parts piopylene glycol and water permits the counting chambei 
diffeientiation of eosinophils on the same blood specimen used in detennimng 
the total leucocyte count In this medium the eosuiophils stain bnght led and 
aie readily diffeientiated in the eountmg chambei fiom othei polymoiphonu 
eleai and mononucleated leucocytes This technique is the most aceuiate 
method of detenninmg the numbei of eosinophils m the peiipheial blood m 
that it peimits the enunieiation of intact stained cells m contiast to the pie 
viously desciibed counting chambei techniques employing hypotonic ddueuts 
in which iiiptured oi "ghost” eosmophils aie coimted It is a paiticulailf 
valuable method to use in following the chnical coiiise of patients un er 
theiapy with adienocoiticoti opine hormone (ACTH), those suffermg fio>'i 
acute allergic reactions oi infections in which one is piimaiily mteiested m 
the vaiiations in seiial deteimmations of the peiipheial blood eosinophils 

This dueet counting chambei technique makes it possible foi the Hi’s! 
time to express accurately the iiumbei of eosinophils existing m the peiip e*" 
blood, the expiession of the iiumbei of eosinophils pei cubic millimetei 
blood IS obviously moie accurate and meaningful than to coiisidei eosuiop 
in teinis of the relative peicentage of the total leucocjte count 
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WAE,BUEC4 MANOMETER CALIBRATOR* 


Arnold L\zvro\\, MB , Pti D 
Cle\’elv\d Ohio 


IMRODUC'IIOX 

I N CALCULATING the constant foi a Waibuig mauoinetei it is necessai\ to 
Imow the \oIuiiie of the "Waibiiig vessel plus the volume of the maiiometei 
to the 150 mm maik To cleteimine the lattei ^olume the maiiometei is 
usually filled with meicuiy to the 15 cm maik and the volume is deteimmecl 
fioni the V eight and densitj of meicuiv This method of ealibiation is veu 
time consuming since it is somewhat difficult to intiodiice the lequisite amount 
of meieuiy to just fill the manoinetei to the 15 cm maik The maiiometei 
calibiatoi heiein deseiibed gieatly simplifies and shoitens the ealibiation 
pioceduie The piiuciple employed is sunilai to that used m the coiistiuctioii 
oi the Scholaiidei inieiobuiette t 


CONSTRUCl’ION 01 C VUBR VTOR 

The apiiaiatus consists of a metiic miciometei (Fig 1 -i) which is call 
bidtecl in huiidiedths of a milliinetei A stainless steel plimgei (B) uitli a 
eioss sectional aiea ecpial to 1 sci cm (1 000) is piessed onto the miciometei 
spindle (C) A stainless steel eollai (D) is piessed ovei the end of the imeio 
inetei The uppei end of this collai is thieaded to accommodate the Liicite top 
(E) This plastic top is tinned to a standaid tapei joint at H so that it fits 
the conventional Waibuig manometei A doughnut shaped "0” img (E) fit'? 
ovei the plungei (B) and is coinpiessed between the plastic (F) and the collar 
(B) This “0” ling seals the plungei within the plastic, yet it peiniits 
advancement of the plungei into the space (G) 


■METHOD OF CVLIBRCTION 

In use, the plastic ejlindei is filled with watei and the spindle is nearb 
mthdiawn fiom the chambei (G) The cleaned niauometei is nisei ted iii 
standard tapei (H) of the plastic and fixed m place uith lubbei bands ( L - ^ 
It is desirable to have just sufficient watei in the calibiatoi chamber ( J so i 
only a small an bubble leinains untlnn the plastic cylinder when the 
is m place The maiiometei is held in the veitieal position and the 
of the manometei is opened and tlie other ends of the monometei arc sea 
iiibbei tubes (N) and pinch clamps (0) The miciometei plungei ^ 
and all the an is caiefulh expelled fiom the ealibiation 
uatei meniscus is adjusted to coincide uith the cahbiation mark o m 
meter (J) (Pig 2) (le the maik used in calibiatmg I position 

miciometei scale is read The manometei is nou tinned to a hon 
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and tlie plunger is advinced until the ^\•ltel meniscus reaches point K (Pig 2) 
Further advancement of the water meniscus fills the capillai} between point K 
and the stopcock (il/) 'When water reaches the boic oi the stopcock (il/), the 
stopcock IS closed and the pinch clamp {O) is opened The liquid is advanced 
to the 15 cm mark {L) of the manometer The mieronreter is again read and 
the ^o^umc deteinuncd bj subtracting the initial fioin the final reading The 
hquid IS then remo\ed from the manometei by revei’smg the foregoing procedure 
and the calibration ma> be lepeatcd 

Results of several cabbrations aie shown m Table I It wuU be noted that 
the volume of the manometer as determined m the fiist trial is slightl> greater 
than that observed in subsequent trials This difference is due to the residual 
water which is left in the manometer after the first calibration It is further 


Table I WAKBiro JIanometek CvuuiLmos 


RElIAItKS 1 

TIU VL 1 

1 TOLUMb (CC) 

1 -3 

1 -8 1 

34 

ilXLDometcr dr^ 

J 

74C 

803 

839 

Manometer wet 

o 

<20 

787 

820 

Manometer wet 

3 

«23 

789 


Water left m manometers 


02o 

014 

OID 


noted that repeated luns on a wet manometer differ b\ less than 005 cubic 
centimeter The accuiac> of the volume measurement obtainable wutli this 
calibrator far exceeds the accuracj requiicd for the calculation of the manometei 
constant The accuracy of the calibratoi itself ma} be cheeked b> inserting a 
2 ee pipette through a one holed rubber stopper and inserting the stopper into 
the standard tapei (//) of the calibrator Since the plunger has a cross sectional 
area of exactly 1 sq cm , each millimeter ad\auccmcnt of the mieronreter plunger 
corresponds to OlOO cubic centimeter Since it takes two re\olutions of the 
mici*ometei to advance the spindle 1 nun and since there arc fifty small diMsions 
per revolution of the micrometer each small division of the scale of tlie 
micrometer corresponds to a \oiiimc of 0 001 cubic centimeter 

SUUMABy 

A simple lapid calibrator for the Warburg manometei is desenbed 


A NEWLY DEVELOPED ELECTROMAGNETIC PLOW ]\IETER 


A W Richardson, Ph D , J E Randall, B S , lnd H M Hines, Ph D 

Iowa City, Iow\. 


T he geneial principle ol an elect! omagnetic flow inetei is not new It ivas fiist 
dec eloped KoliW in this eoiinti} and independently by Wetteiei- in Gei 
man} Kolin^’ ^ developed both an A C model and a D C model, the lattei was 
subsequently modified b} Joehiin •* These methods featuied sleeves of vauous 
design which contained electrodes m positions so that when tlie sleeve siiaounded 
a. blood vessel, the elect! odes weie in contact with the outside suitace of the blood 
V essel While such devices possessed the adv antage of not lequumg incision into 
the blood vessel, they ineiiiied the disadvantages of voltage cliift and nniioi 
aitiiacts due to vessel diyiiig, v'^aiyuig vessel diametei, and e\tianeous potential 
picivup In ordei to avmid these disadvantages, a new metJiod of potential pickup 
was developed in this laboiatoiy wliieli has pioved exceeding!}" piaetieal foi the 
measuiement of blood flow wlieii used with an A C ampiifiei and suitable le 
coidei This newly developed electi omagnetic lilood flow metei has been founc 
to be unusually aeeuiate in its measuiement of blood flow and to possess neg 
hgible voltage diitt 

PRINCIPLE 

The basic principle upon w Inch the operation of an electromagnetic flow 
pends IS that when an electric conductor moves across the lines of force of a nugne 
a potential difference is created in the conductoi If the field is uniform, t le 
moves in a plane at right angles to the magnetic field and the length o t it 
extends at right angles to both the field and the direction of motion, the icsu ting ^ 
motive force will be directly proportional to field strength, speed of the com uc o , 
length of the conductor within the field Therefore 


B = BlvlO-" 

where E is the potential diffeience m volts, B, field strength in gauss, 1, 
doctor within the field in centimeteis (avross the electrodes), and v, spec 
ductor in centimeters per second By use of the AC svstem, including 
there is an additional constant to be accounted for because of the electro cs ^ 
leads acting as a one turn transfoimer Therefoie, the total equation o an 
must be altered to read as follows 


E = B 1 V lO-' + V 


XI — 1 V J.V T X 

1 It Alls this voltip^ 

where “A” voltage is the potential developed bj electrodes an ^ ^oil ij,'- 
being proportional to B field strength In order to cancel out a pjie <. tnul 

on the magnet a turn is made which is phased oppositelj to that of the oin* 

mg potentiometer is turned in a mannei to diminish “A" voltage o 

From the Department of Physiology College of Jleclicme The State U 
Eeceiied for publication Aug 10 194!) 
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tins point IS established the ^oltage is of a constant ami cnsilj accountable magnitude 
If B and 1 are hopt constant K ma\ be st ited 

K =: BllO 
and 

F = K\ + A. 

\s shoun by the equations when the \oUigo V is subtracted the electromotue 
force 13 a function of the single variable the \».locit> of flow which theoretically is linear 
nowe\er, for practical considerations oni is jiiterestcd m volume flow in cubic centimeters 
per minute, rather than velocity flow lu ct utvttteter*4 Tpcr second The c quantities arc 
related as follows 

Q = GO V J-5-iL 

where Q is the volume flow in cubic ccntimeteis per niinutc \ the velocitv flow in ceiiti 
meters per second and d the diameter of the tube or vc el While this formula shows the 
relations of quantitic it is not requited foi tUt use of the newly developed meter because 
duo to the manner of its construction caliUrationa iua\ be made of actual flow during an 
lucroment of time to road directlv cubic coiituotters per minute blood flow 



Fig 1 —Cannula used with clectromaenctlc blood flow meter 
JIATEBULS V\D METtlODS 

Description of Apparatus — the complete flow meter consists of a speciully constructed 
cauoula an A C magnet an A C amplifier uid an Lslerline ^ngus j Ma recorder 

The construction of the canuula cousisti of a t,lass or jiUstic tubo of previously 
detcnnined diameter to equil the size of tlic Imiicii of the blood vessel to bo cannulated 
Tile cannula and picbup shown lu tie, 1 bns i diameter of millimeter This particular 
cannula which is designed to fit the femur il urtcrv of a dog is 4 cm m height and 2 5 cni 
la width iho bottom forms an anchorij,© to secure ligatures lig 2 bettor reveals the 
Jotail d construction In the top of the cannula are inserted two tungsten (platinum mav 
bo used) wire rods with rounded tipa so that the tips just touch the periphery of the 
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lumen Onto these tips just outside of the glass are soldered the ti\o pickup leads which 
are then tightly twisted and passed thiough the center of the housing and into a shielded 
cable which luns to the amplifier connection On the top of the housing are tuo pins 
which fit into the magnet case in order to assure identical positioning of the cannula dur 
ing each measurement 

The housing is filled with Lucite for the purpose of stabilizing the position of the 
lead wires in the magnetic field This is done by dissoh ing a portion of Lucite in GHC1„ 
pouring the solution in the housing around the cannula and leads, and letting it congeil 
to form solid Lucite This operation also makes the housing repellant to liquids The 



2 — Diagram of cannula and pickup leads showing the position of the magnet. 

slender base of the cannula is wrapped tightly with a single lajer of No 8 linen th 
and coated with the liquid plastic to add strength to the cannula Caie is ta 
construction of the cannula that there are no constrictions in the lumen and that ere 
no sharp bends The short section across the top which holds the electrodes is straigi 

The cannula and pickup incorporates the following features (a) an 
well isolated from the surrounding tissues, (b) a lumen of uniform size to ma ^ ^ 
of the lumen of the blood vessel measured, with no constrictions in its jjjood is 

mum of glass or plastic surface (less than four inches in length) with w ic the 

in contact, (d) a reinforced slender base around which to secure ligatures 
ends of the arteries, and (e) a specially designed bronze housing surrounding le^^^ 
through which the tightly twisted pickup leads are inserted to traverse t e cen 
magnetic field and be shielded from contact with the magnetic poles It is e^ 
this housing which allows a minimal and invariable background pickup an 
voltage drift on the recorder ^ ^ 

The A C magnet used with the meter is made from stacked ','^jth a 

29 gauge L •! audio A iron The coil is made of 1,800 turns of No 25 wire e^ mch 
110 V AC 60 cp s source This gives a field of about 1,000 gauss across gP the 

air gap between pole tips A 60 c p s power source limits the frequcncv juuita 

whole sjstem to fluctuations of less than 60 cps, but it is possible gjgter he usid 

tion by changing the carrier frequency to 400 cps if desired Shoul 
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PiB 3. — Recorder and ampUfter showing the connections as labeled on the panel 


UCPS VOITACC 

pkopoatiomal 

TO FLOW ftATC v 



DC VOLTACt 
PROPOflTIOHAL 
TO FLOW BATE 


^ BLOOD FLOW METER 

FUNCTIONAL OIACBAM 

i — Slropllfled diagram showing the electromagnetic pickup amplifier and recorder 

With a high frequency response recorder, this modification is recommended For con 
venienco in alhxing the position of the magnet, a screw tj^io lift with a crank attached is 
'ised to slowly lower the magnet into position over the cannula The magnet is held by a 
ball in socket swivel which will allow it to be adjusted at a convenient angle 

The A C amplifier and recorder used are shown in Fig 3 The amplifier is adapted 
from the onginal A C amplifier of Kolin with minor modifications. Three stages of 6SJ7 
tubes are used for the principal circuit with two VI? laO tubes being used on the B+ circuit 
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Jills implifiei has pioved leiiiarkably stable and featuits Hvo input channels for pickup, 
lacli connected to a potentiometei to be utilized in canceling out straj background A 
selenium lectifier is used in the output circuit Any stable amplifier with sufficiently high 
gam would be adaptable foi the electiomagnetie flow meter, so long as it matches the 
characteiistics of the pickup and the magnet used This paiticular amplifier is most adapt 
ible to a 60 cps magnet The amplifier used here has two gain settings, the two amph 
ficatioiis giving a total lange of blood flow' measurement from zero to 300 cc per minute 
with different caiinulae The range of measurement maj be increased bj constructing the 


Pig 


CALIBRATIONS FOR FLOW METER 


R 3 CANNULA 3 MM DIAMETER 



0 — Sample calibration cuive showing: the use of two ampHflcations with one 


electrodes of the cannula so that the distance between the tips is diminishe o 
greater sensitu itt is achieved by constructing the electrodes of the cannu a 
distance betw eeii the tips is greatei In all cases the lumen of the cannu a 
nearly as possible identical with the size of the blood vessels ^ 

A 5 Ala Esterline Angus lecordei is used on the electiomagnetie jj, rough an 

compromise ehoice of various possibilities This instrument requires o j ,u^tru 

inteiiial resist mce of 70 ohms for full scale deflection This is a heaai l future is 
ment and will not record events accurately under 200 milliseconds but nt*- 

value in the recording of mean blood flow where a concomitant iccor on y ^ ^.g^ojiier of 
and respiration is desired AVhen events of shorter duiatioii ue of *"*^*^*^j^ u,i of d'o 
higher frequency response should be employed Fig f re\eals a func lO ^tructuri 

entire apparatus as it is operated showang the position of the magnet, m 
of tho amplihci, and the recorder connections u ul 

Cahitatton of the fnst) ament —Although a force pump perfusion of blood 

to calibrate the flow meter, it is felt that the preferred method is to ^ /plus natbod 

out of a blood lessel directh into a graduate oicr i lOiuenieut perio o variables J“ 

IS to bo desired for its simphcity ind the elimiii itiou of extraneous ”„„o "bah 

operation, the distal end of the cinnula is att lelied to i pi istic tubing o for 

runs to i gi iduate A prciiously applied clamp on the proxuna arten ^ ni-idi a" 

minute so th it a one minute flow of blood m spilled into tho grai ua e of blood 

tho midline of the excursions on the record which corresponds to 
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nieaauRd Tins is one point on tlic calibratiuu curve B\ constricting the end of the 
plastic tubing, lower ntca of flow mii> be measured until i number of desired points on the 
dow curve ma> bo calibrated \ eiuvc of best fit iiuv l>e drawn transecting the points 
and may bo e\trapoIated to tho base line Ihis point on the base line or true base 
will not fall on zero, but upon nn elccttomot i\ e force readin^ which represents the A’ 
voltage previouslj^ described These readings mar be made idontical, b> means of the 
potentiometer ad3ustniont Fig j *^110118 tj-pical calibration curves bv use of two amplifica 
tions In this calibration graph the V voltage Iia*? been subtracted and it mav be seen 
that the curv cs aro for all practic il purpo os linear 



Fig 0 — Sample record male with the new electiomagnetlc flow meter Tlio record reids from 

right to left 


Once It IS calibrated a cannula does, not require rccahbration unless it develops a frac 
ture or similar defect However because of such possibilities frequent rccaUbration mav bt 
advisable The tjpical observation with i tractured cannula is an enormous base voltaov 
(vhicli ordinarily can bo detected readily 

RESULTS 

Fig 6 sUovvs a topical blood flow iccoid which icads fioni light to leit 
lius sample lecord shows the results of 12 cm microwave iiiadiations using 100 
''atts output upon the liml) of a dog The wivc directoi was placed close to the 
suiface of the limb In the figure the heavih nisciibed base line represents the 
background pickup, 01 A voltage so that voltage induced bv blood flow reads 
from this point to the inidline of the excux'sious to repiescnt mean flow This 
point It the nucilino was arbitianh selected when cnlilirating the cannula IVhen 
this distance as read on the oidinate is multiplied bv the k value of the cannula 
in tins case (2 0 x 10 ) a figiue is dciived which lepicsents blood flow in cubic 
centimeteis per minute Foi example the contiol flow ma> be calculated as 
follows 

0 24 y 2 0 X 10 = 4 S c c /mm 

The calibiation should be cxpeimicntallj established as suggested and tlic ‘ V 
Voltage rGadnic may be conveniently adjusted Since the “A” voltage wilJ )jl 
out of phase with the flow voltage thev cannot bo added alj,cbi iicallv 
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Fig 6 IS a lepioduction of blood flow m the femoial aiteiy The lapid 
oscfllations aie the result of the eaidiac rhythm, while the sloivei oscillations aie 
due to respiiations These events aie leflected in the flow leeoid ivith sufficient 
claiity that the leeoid may be used to count the lespiiations and lieait late It 
may be observed that while the rate of blood flow and respiiation have been in 
Cl eased by the iiiadiations, there is not noticeable ineiease in heait late This 
lecoid was made at one of the intermediate speeds A faster speed makes the 
excursions much easier to analyze, -while a slower speed achieves a gieatei econ 
omy of lecoid 

DISCUSSION 

While it IS essentially a pulsatile flow meter, this device as deseiibed lieie is 
best adapted foi the measurement of mean blood flow As previously suggested, 
it IS possible to better adapt this meter for the measurement of pulsatile blood 
flow where a finer analysis of events of a short duration is desired 

The meter as described has proved exceeduigly capable for the measuiemeiit 
of mean blood florv rn both veurs and arterres It has been found to possess less 
than 5 per cent error nr measurement under physiologic conditions and has been 
operated for four- to six-hour periods with negligible voltage drift A ciiticisin 
of this type of flow meter is tliat general anesthesia and an anticoagulant must 
be used because the blood vessel is cannulated On the other hand it is simple 
to operate, is substantially free from subjective factors, and possesses d lelativeh 
Imeai calibration curve By use of different cannulae, the range of flow ineas 
uiement is from 0 to 300 c c per mmute This range may be expanded witli 
simple modifications The meter may be easily cleaned folloiving each use bi 
means of a deteigent and distilled water This cleaning, caiefullj done, is im 
poitant for proper measurements ® In brief, while the development of this metei 
entafled ceitam compromises it is felt that it has pioved to be a piactical, ac 
curate, and easily operated device for the measuiement of blood flow undei man) 
conditions encountered in laboratory measuiement 


SUMMARY 

A new electromagnetic blood flow meter has been developed which 
a continuous pennanent record of mean blood flow This device is a ap a 
measure pulsatile blood flow in the respect that it readily leeoids tie 
the heart ilrjdhm and respiration upon blood flow Modifications 
for lecoidmg events of shorter duration The use of this meter eiita 
advantages inherent with cannulation, but such disadvantages must 
against the advantages of accuracy, stability, and ease of opeiatiou ^ 
bility and accuiacy of this meter is in a large measure dependent upo 
construction of the cannrda and pickup leads 

f Dr J 
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EVALUATION OF A NEW CAPILLARY EESISTOMETEE 
THE PETECHIOMETEE 

Edward E Brown, MD 
Ashland, Ore 


INTRODUCTION 

C APILLAEY lesistance deteimiiiations iveie made on one bundled patients 
■with two difteient types of suction appaiatiis and the leadings compaied 
A modified Dalldoif lesistometei was used on one foieaim as previously dc 
sciibed,^ and a new lesistometei, the Peteehiometei,^ was applied to the othei 
toi eai 111 


5IATERIVLS AND AIETHODS 

Capillaiy lesistance is the minimal amount of suction applied to the skin 
foi one minute capable of pioducmg one petechia oi moie It is iiieasuied in 
centmieteis of meicui-j negative piessuie oi suction AVitli the modified Dalldoit 
lesistometei,' leadings weie made at intervals of 5 em , the amount ot suction 
being lead directly fioni a lacuiim gauge The Peteehiometei, on the othei 
hand, has no vacuum gauge but is adjusted to delivei 10, 20, and 30 cm ot 
meicuiy suction The beU of the old lesistometei is 1 cm in diametei winlc 
that of the Peteehiometei is 2 centmieteis 

In all of the one hundred patients tuo reading’s were noted, the old instiu 
ment being used on one foieaim and tlie Peteehiometei on the otliei, Pi? 1 
Because in some studies-’^ readings were normally slightly lower on the iig> 
aim, it was decided to reverse machines in the second gioup of fifty patients 
The 200 capillary resistance readings may be compaied in Table I 

Estimation of Capillaiy Resistance With the Peteehiometei The phingci 
is grooved at three points, each yielding a different suction The adjusta e 
stop ling IS inserted in the umermost groove One then places ivatei just e ov 
the antecubital space before applying the bell to the wet slan The an is e\pe 
by pressuie of the light thumb on the end of the plungei and the bell P 
on the skin The bell is held in contact ivith the slan lightly, but firm 
piessuie f 10111 the index finger of the left hand upon the top of the bell - 
thumb pressure on the plunger is released quiekly a spring action applies sue 
to the slan area Suction is applied for one minute and then released In pus * 
inward on the plunger After lemoving the Peteehiometei, tliiiti 
allowed befoie looking for petechiae If no petechiae are 
repeated iismg each of the stop-ring settings, i e , the iiineiinost j'le c 
meicuiy suction, the middle setting 20 cm meicuiy suction, and t e ou 
slot setting 30 cm meicuiy suction The deteimmations aie not ma 
together than the diameter of the suction bell 


Recei\ed for publication Aug 19 1949 pnjg Comp^' 

•The Petechiometer is the registered trade mark 9 'vned by the clear 

The Petechiometer consists of a small suction pump with ^ blo\\n into tlit t PJ 

bell or suction cup 2 cm in internal diameter with a ningniiyinff » , 

isurface of the cup to facilitate in situ leading of the petechiae aeve p 
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The iiuiiil)ei oi pettchme pioduccd b> the Petechiometei was noted In the 
filial comparibou of iei>ulls this pioccdiirt pio\ed \aluable, for it permitted 
Intel polation to mteuaU of 5 em when excessive nnmbeis of peteehiae were 
pioduced at the 10, 20, oi SO cm leadings I oi example Patient 29 showed a 
capillary lesistaiice of 10 cm on the Pctu hiomctei Imt Ind foity petechne 



FJff 1 Comparison bctivcen old and new resjslonietcr'j 


Ob\iouslj, because of tlie many peteclnae pioduced the tine capjllai\ itsjslaiite 
"as actually less than 10 centimetei-s Using the old lesistoinctci the capillaiy 
resistance m this patient Mas 5 centiiiiiteis When compaiisoiw Mere inude with 
tile two machines it Mas found tint Mhen sis oi more petcchiat Meie produced 
In the Pctechiomctci, one could in most iiist inces suhti let 5 cm tiom the capil 
luj resistance shown h> this hcm insti iiinciit and appiosimate the rcadiii, 
»ueu by the old machine 
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T'Vble I CvpiLLAE\ Resistance Readings (Centimeters op Mercury Suction) in 100 Patients IVitii 
New and Old Resistoaieters, Using Right and Left Forearms 
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•Capillary resistance before 5 cm correction for excessive number of petechiae (six or more) 


P Number of petecliiae 
TCoirected capiiiary resistance 


RESULTS 

By subtiactiug 5 cm when six oi moie petechiae weie noted at the capiUaU 
lesistance deteiinination with the Petechiometei, the aveiage leading with tic 
old instiument was 14 75 cm and with the Petecliiometei 14 25 centimeters 
This smiilaiity is not so constant in individual leadings Oulj'^ 43 pei cen^ 
showed no diffeience between old and new lesistometeis and 90 pei cent 
not vaiy moie than 5 centimeteis Of the ten patients who diffeied by more 
than 5 cm between aims, seven patients showed a 10 cm diiference an 
patients a 15 cm diffeience One may expect, howevei, to find similai varia lo 
between aims even when using the same lesistometer " ^ 

A simple capillaiy lesistometer to determine bleeding tendencies 
welcomed by physicians It has been noted that the lowei the capi ai' 
anee, the gieatei is the bleeding time A eapillaiy lesistaiice of cm 
maiked fiagihty Capillary fragility accounts foi bleeding in^suc i con 
as puipuia and rheumatic fevei and in hypei tensive patients ^ 

■Without a suction apparatus foi deteimining capillary resistance, 

Clan mav resort to positive piessuie methods, as by use of the spi 
metei " ® The disadvantages of such methods aie listed by Tej 
(1) deteimination is time consuming, (2) test cannot be lepea e 
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(3) theio IS no gradation in the same subject (4) results cannot be read with 
accuracy, (5) positue piessuie methods aic unsuited foi phamacologie in 
\estigation, wheic se'veial detciniinations must lie made within a few minutes 
since only two body suifaces (arms) aie a\ailablc 

On the other hand use of the Pctechiometei is snnplc and painless Deter 
mmatiou of capillaiy resistance lequues less than five minutes The instrument 
IS small and can be earned in one s bag 


CONCLUSIONS 

CapiUarj resistance detcimiiiations weie made on one huudied patients 
using a modified Dalldoif lesistometei with \acuum gauge on one foreaim and 
a new instrument, the Petecliiomctei on the other 

iUthough readings on both foicaims diftercd in indnidual subjects, these 
differences weie usuallj slight Only 10 pei cent of patients showed readings 
which differed more than 5 cm between aims Alinor differences arc normalh 
noted between aims These diffei cnees tended to balance m the final compilation 
for the average capiUai-j resistance with the old machme was 14 75 cm and with 
the Pctechiometei 14 25 ccntimeteis The Peteeluometcr thus appears to bo 
accurate 

The Petechiometer has the following ad\antages ovei the oldei resistometei 
it is on the market, it is simple to use it is compact and small 
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A SIMPLIFIED VENOUS OCCLUSION METHOD OP DIGIT BLOOD 
PLOW ESTLHATION USING THE BURCH-WINSOR 
PLETHYSaiOGRAPH 

Ch \rlfs W Robertson, M D , Douglas A P^rmfr, M D , vnd 
Regin A.LD H Smithivick, M D 
Boston, JIass 

D igit blood flow studies based on the veuous occlusiou pimeiple have been 
gieatly simplifled by the development of a clinical tjpe of tiansmissioii 
plethysinogiaph by Bui eh ^ At the present time venous occlusion blood fiou 
deteimmations aie being earned out as a pait of the legulai digit pletliysino 
giaphic study on both fingeis and toes m oui laboiatoij’" The basic details of 
this type of study have been leeoided by Wilkins,’ Goetz,® Abiamson,^ and 
others ® Oui pm pose in lepoiting this method is to emphasize the ease witli 
nhich venous congestion methods maj be adapted to the Buieh-Wmsoi plethjs 
inogiaph iMeasurements with this type of apparatus depend upon volume 
changes in the part imdei study, the vaiiables being amount and late of volume 
change Poi the most pait an mciease m the volume of a tiapped pait is de 
pendent upon eithei incieased aiteiial inflow oi decreased venous outflow oi 
both If one occludes the venous outflow without distuibing the aiteiial inflov 
the volume change resulting represents an indirect estimate of the aiteiial in 
flow The inheient limitations of this tyire of deteiniination have been adc 
quatelj' discussed by Abiainson and bj others® ® ■* “ We aie awaie of these 
limitations, but viith increasing experience v\e aie comuig to feel that digit floi' 
deteiminations aie worth-while adjuncts to digit iilethjsmogiaphy, paiticulaih 
ill attempting to decide about the presence oi absence of vasomotor activity m 
the digital blood supplj 

The problem of applying an occluding piessuie to the base of the digit 
might be mentioned first Oui first attemjrt was a brass-backed latex iing 
This was a satisfactory method for fingeis but ui the case of toes a iing Lrge 
enough to pass over the end of the toe vvms fiecpiently too large to satisfacton r 
compress the toe at its base The bi ass-backed latex cuffs were discarded m 
tavoi of Abianisoii's adliesive tape-latex tube method In malong the 
tubing for the occluding cuffs a glass rod 6 mm ui diametei which has ecu 
dusted with talcum powder is dijrped into a container ot pievulcanized ui^i 
latex two 01 three times After several houis of diymg, the surface o J 
lubbei on the glass rod is dusted vvuth talcum powder and the rubber is ro e 
off the glass The tubing thus obtained is thin enough to avoid buUc and s ro a 
enough to withstand the occluding piessiiies Tire latex tubing is attac le 
small catheter or plasma tubing with a fine silk binding le enforced wit i 
of adhesive tape The latex tubing is then backed with oidinaij adliesive 

■ The 

From the Department of Surgery Boston Uni\ersitj School ot Vied c ne a 
chusetts Alemorial Hospitals 

Recpi\ed for publication Aug 20 1943 
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The end is» turned undei md <.o\eied with a tab of adhesi\c The completed 
cuff IS 8 to 10 cm in length and appioNimateh 1 cm wide * These euffs, if well 
made and fiee of bubbles, will sui\i\e a week oi moie of acti\e use In applj 
mg the cuff to the digit the cuff is wrapped aiound the liase of the digit and a 
slioit incce of adlusue is used to seeuie the cuff to itself to prc\ent slipping 
(Fig 1 A and B ) 

The method of cuff inflation used is i simple pussiiie bottle iiiaugement 
smnlai to that of Goetz ^ The essentials of the picssiue s^stem die a 1 or 2 
liter widemouthed bottle a t^lith fitting lubboi stoppei a large thieewav 
glass stopcock some t%pe of minometei — eitliei anaeioid oi meicurj, a blood 
pressuie tjpe of compression bull) and suit ible tubing and glass oi metal con 
nectioiis The illustrations (big 2 A and 7i) no self expl inatoi\ and give a 
satisfactory scheme of conneetions foi use 

In use the oceluding jnessuies should he well below diastolic arterial 
pressuie and we h ue found GO to 70 mm (Hg) to be satisfactoij foi most dig:its 
When air is allowed to flow into a sni,,Ie cuff the otheis having been excluded 
In clamps the bottle piessuic falls 1 to 2 mm of meicurj with each inflation 
This IS conccted piioi to each occlusion b\ means of the compiession bulb 

To summanze the stops in the elicit flow dctcimin ition 

1 The digit pait is meisuied m the displacement tube apparatus^ to a 
\olume of 5 cubic ceiitinietciN This >0111010 is indicated on the digit b'v a weak 
?entnu stain which IS emplo\cd is the mcasuiing fluid 

2 The extiemity plastic cup is scaled in place at the pioMinal edge of the 
t>entian stain with the scaling compound K ilk Koid picMously repoited 

3 After the cup se d has boon tested tlic occluding cuffs aie applied to the 
base of the digit lu such a wa\ that thcic is no contact with the cup 01 the 
sealmg compound — and no contact between the tubing fiom the cup and cuff 
Trial cuff inflations axe then earned out to make ceitam tlie cuffs aie m the 
best alignment to pie\ent uiinecess m motion of the digit when the cuff pressure 

's introduced 

“1 String sensitivity is adjusted to mo\c 10 mm pei 10 mm^ volume 
chai-ge with the calibiatioii lc\ei The routine plethysniogiaphic tiacmgs arc 
^ade at slow speed standardizing each iiui twice Followang the second cahbra 
don, the base hue is shifted to the left side of the apertme and the camera 
‘^peed shifted to ‘fast’ just piioi to the application of cuff piessurc This 
"ill lequire a certain amount of piacticc opciatoi and assistant 'When tlic 
nmximal base hue shift (1 e aolurac change) has occiuiLd the cumcia is sliiftcd 
to slow speed and cuff piessiue is icleased b\ tinning the stopcock to the 
ovhaust’ position The base hut is adjusted to the left side of the apeituie 
ff necessaiy following which the >cnous occlusion test is lepeated The camera 
theu stopped and tlie next di^it is piepucd foi leeordmg With practice 
the \olume pulses and two \enou.s otthisioii luns can be lecoidcd on about 12 
mehes of papei for each digit 

< , , Tlie Utex wlii*.h we lia%c found fatisfactor) for thin u c is a fonnul lUaltsiiatcJ No 
^ A c furnished b> the General L«ilex and Chemical Corp C66 Slain Street Cm hri Irc Mass 




B 

Fib 1 — See text for explanation 
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5 Aftei tijc tiacmg Ins been dcAtloped the digit fio\\ can be leidih de 
teimined b\ meisiuing tlie amount of -Aolumc change pei unit of time (Fig 
3, B) We ha%e aibitiaiih used millimeters* pci second pei 5 cc of part 
111 draw mg the tangent slope lint it is desiiable to a\oid using the fii*st pulse 
c\cui*sioii if possible since positnt oi iiegitnc aitifacts ue common In lapid 
flows this may not be possible bceiusc of the speed with which the stiing shadow 
Classes the eiitne width of the papei in which cise the slope line should be 
placed along the most lepiesentituc poitioii of the cui\e In connection wuth 
mcasumig the Aaiious stimg deflections on the tiaeing a collection formula 
has been used to compensate lor “high oi low calibration eiiors The 
(.oiiection latio which we emplov uses the following factois 

Measured yolunie deflection True \oluiiie deflection (\) 

= Measured calibration deflection 10 

Thus if the measured loluiiic deflection wcie 14 mm and the standaidization 
deflection weie found to be 8 mm instead of 10 mm the measured deflection 
Mould be low and hy the conectioii foimula Ihc tiiie \ohimc deflection would be 

14 T = S 10 
SX = 140 

T = 1< 50 loni /5 cc of port (corrected deflci-tjoii) 

Although this foniiula does not take into consideiatiou all the \ariablc factois 
which might cause minoi cuoid, such as \aintion in lolume of the tiapped part, 
it IS probably worth while in measuring \olumc pulses and blood flow where the 
standardization eiroi is grcatei than 1 niiJIuueter 

The illustiations dcmonstiate the essential details of this method of blood 
flow estimation in digits The plctlusmo„iams piesented aic tiacings fiom 
normal individuals who ha\c no c\idencc oi pcnpbeial \asculai disease The 
warm room flows Iia\e been lecorded aftci out Jioui in an ambient tempera 
ture of 83° to 84° F and the cold room flows after one hoiu in an ambient 
tempeiatuie of 68° to 69° 1 (Fig 3 A and B ) 

The application of this t>pe of digit blood flow dettiniination to noimal 
subjects and bcfoie and iftei limb sa mpaf hci tonij will be presented in sub 
sequent communications 
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61 BXPERBIENTAL PRODUCTION OP MEGALOBLASTIC ANEMIA, 
AN INTERRELATIONSHIP BETWEEN ASCORBIC ACID AND 
PTEROYLGLUTAAHC ACID 

Charles D jMay, M D , E N Nelson, M D (By Invitation), and 
R J Salmon, AI Sc (By Invitation), Minneapolis, IMinn 

This lepoit describes a means of piodueing megaloblastic and maeionoiino 
lilastic anemia in monkeys using deficient diets alone 

The diets employed weie basically diied cow’s milk reconstituted witli 
watei and adjusted -with lactose and vegetable oils and supplemented with 
ciystalhne vitamins to piovide liquid diets of the following appioMiiiate com 



PER 100 

ML 

Protein 

16 

Gm 

Carboliydiate 

72 

Gm 

Fat 

3 3 

Gm 

Calories 

67 


Vitamin A 

800 

I U 

Vitamin D 

50 

I U 

Thiamin 

07 

mg 

Riboflavin 

1 

mg 

Nicotmic acid 

5 

mg 


Any othei vitamins piesent weie those contained in the milk ‘ 
expel imental animal was given 137 mg Pe per kilogiam in the ® . 

ascorbate inti avenously at the stait of the experiment followed by sev 
weeks of oial therapy with 4 c c of feiious gluconate daily , , , , rn 

In five control periods monkeys fed this type of diet ad libitum 
mg ascoibic acid daily foi five oi moie months lemained m good lea 
did not develop anemia oi changes in the bone maiiow , , 

AVhen the expeiimental diet was fed to eleven monkeys ^“kou 
tion of aseoibic acid, a typical sequence of events occuiied Foi tine 
months they lemamed in appaient good health At about this tiw6 
symptoms of seuivy appealed They lemained essentially in this ® ‘ . jg 

next thiee to foui weeks, exhibiting only the symptoms of scinvy, 
velopmg anemia oi defimtive changes m the maiiow ihen ^ i 
deteiioiation began Pionounced anoiexia and bulkj 

phase Diaiihea commenced invaiiably, the stools being loose to ’ jg 
and foul but without pus oi blood With one exception a , 
fiaetoiy gastiie achloihydiia developed The fui lost its became 

lustei and was shed in laige amounts The peiidontal gm^ ^^^^g 

ulceiated and neciotic No changes weie seen in the , neutiopema 

tions weie obseived ui the animals at any tune /vnemia ai _ anemia 
developed lapidly without evidence of additional hemoiihag 
was usually of a noimoeytic oi inacioeytic type tvncs of celL 

The most ciitical ciiteiia weie apphed in designating jymows leij 

seen in the maiiow^ Three monkeys dea eloped megalobia j,j huma« 

similai to, if not identical ivitli, those seen in megaloblastic < 
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beings The maiioivs in the ofhii light niiini ils beeime imeionoimoblastic, a 
stage through which the megaloblastic imiiows passed The alteiations m 
the granulocytes in each instance weie stukui^ allowing ha-pei segmentation 
and large caily foinis with piemntmc lohiiHtion such as Tie seen in the 
marrow in peimoious anemia It ms the impression tint all the mairows 
might have piogiessed to a fnnkl} megaloblastic pictuie if the pieenious 
coiidibon of the animals had not untie it seem neecssarj to tieat them in older 
to test the effects of i aiious agents 

A systematic trial of vitamin Bu PGA and ascoibic acid revealed the 
followuig (1) Ascorbic acid given lelativeh caih ui the thsease giaduallj 
restored the amnnl to health and the inaiiow and blood became normal (2) 
If aseoibie acid was not given until an advanced stage of the disease it did 
not leatoie the manow to iioimal oi pievciit the death of the animal (7) 
Vitaiinn B,, alone given intiamnsciilaily had no effect on the manow within 
forty eight houis (4) PGA given oially or nitiamuseulailj as the flee acid 
or the triglutamate but without ascorbic acid promptly stimulated iioimal 
hematopoiesis in the maiiow and leheved all the symptoms not attiibutable to 
scurvy 'When ascoibie aeid was added noimal health was restored even 
though the evpeiimental diets weie eoutiuued 

Increasing the pioteiu in the diet to 3 3 Qm per 100 c c by adding eal 
ciuxu casemate did not pi event the development of the chaiacteiistic anemia 

Thus it would appeal that megaloblastic anemia developed as a lesult of 
PGA defioienev somehow induced In a chionio deficiency of ascoibic acid 


62 CERTAIN EFFECTS OP CHEJIOTIIER^IPY ON THE PECAE 
\EROBIO AND ANAEROBIC BACTERIA OF PATIENTS 'SYITn 
CHRONIC ULCERATIVE COLITIS 

lIoMFB C HEuishile MD (B\ Invitvtion) WvlterL Pvlmeb MD 
AND Josmi B Kirsvfb JID Chicvco III 

The lole of the fecal bactena in the pathogenisLs and comse of chiomc 
'lonspecilio ulcerative colitis is not clear A method of simplifying the bac 
tenal ftoia of the feces and i educing the nunibei of bacteria in the bowel 
would provide useful infonnation couceining this problem Aoooidingly, 
guahtative and quantitative studies of the aeiobie and anaeiobio hacteua 
were made hefoie and after treatment with absorbable and nonabsorbable 
sulfonamides pemcillui admunstered orally and parenterally and the oial 
admmistration of stieptomyein anreomycm and Chloromycetin Control 
studies consisted in observations intended to determine the eiioi of the method 
and to ascertain the spontaneous day to day vaiiation The dings weie ad 
'uinisteied for relatively long peiiods of time bacteiiologic studies weie 
earned out at fiequent uitervqls in order to determine the initial and late 
effects of chemotherapy All of tho dings under ceitani conditions, aie 
capable of altering tlie aerobic floia some also may modify the anaeiobic 
™ra of the feces tho degiee and duration of effect varying eonsideiably 
For instance, sulfonamides alter the aeiobic Horn, when initially used for 
periods as long as six weeks Stieptomyem, on the other hand e\eits a 
™atked quantitative effect which is mauitained howevei only for seieial 
'I'tys Chloromycetin and aiueoniycin eveit an intei mediate effect the B cah 
disappear and the total baoteiial count initially falls and then uses with the 
'cappeaiauce of B coh ns a piedominant organism In addition after the 
witial depression of baeteiial counts had terminated the counts tended to use 
arove tho control levels and to remain high docieasmg to control levels only 
Alter the drugs weie discontmiicd 
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All of the patients impioved when a basic legimen was instituted which 
piovided a diet which contained caloiies equivalent to tmce the calculated 
basal 1 eqiuremeiit , 2% Gm of piotein pei kilogiam of body weight, 30 pei 
cent of the caloiies as fat and the lemaindei as eaibohydiate The iiatients’ 
clinical impi ovement was acceleiated by the addition, to this legimen, of daih 
intiaienous infusions of a mixed ammo acid solution which was sodium fiee 
Restiiction of the sodium intake below 1 0 Gm pei day was a valuable 
adjuvant in combating fluid letention The patients with edema and ascites 
showed an inci eased uiinaiy output and the edema and accumulation of ascites 
diminished when salt intake was lestiieted 

No clinical benefits weie obseived in the patients when the basic legimen 
was supplemented with cystine, methionine, choline, B complex vitamins, oi 
pai entei al livei 

The infusion of laige amounts of concentiated human seiiim albumm 
(salt pool) was impiactical as a method of piotein supplementation, even 
though a tiansient use in seium albumin eoncenti ation and a maiked in 
ciease in positive nitiogeii balance attended its administi ation 

On the legimeii deseiibed (diet, salt restiiction, and supplementation with 
ammo acid infusions) all of the patients showed mci eased weight gams wth 
out fluid letention, those with edema and ascites giadually showed i eduction 
and disappeaianee of these manifestations of livei disease All patients showed 
a stiikmg capacity foi the letention of tiemendoiis amounts of mtiogen, piob 
ably due to leplacement of fluid m the tissues by newly synthesized muscle 
pi otein 

One patient with advanced cnihosis and leciuient ascites was obseived 
ovei a peiiod of two yeais while subsisting on seven difleieiit legimens At 
the peak of the patient’s illness, paiaeenteses weie neeessaiy at ten to tiveiity 
day inteivals and 16 to 19 litexs of fluid weie lemoved at a time Albumin 
theiapy piodueed no alteration m the late of accumulation A low salt 
legmieii leduced the fiequeiicy of paiaceuteses to about thiity-day mteivals 
Finally, with the pieiuously desciibed legimen, the patient became ascites fiee 
and has lemamed so foi 7 months He has maintained his body weight gams 
and has letnined to a noinial active existence , 

Of seven livei function tests, seium chobnesteiase activity was the mos 
leliable test of livei function m that the cholmesteiase levels most accurate y 
coil elated vith the patient’s clinical condition 

67 QUANTITATIVE STUDIES OF VIBRATORY PERCEPTION IN 
DI-VBETIC AND NONDIABETIC SUBJECTS 

I Arthur hliRSKY, IMD, Perrx^ Futteraivn, MD (By Inviiahon), 
Robert H Broh-Kahn, M D , Cincinnati, Ohio 

Quantitative vueasnienients of the tbieshold of vibiatoiy 
made in 102 diabetic patients and m 136 noiidiahetic, , „j^anibu)a 

sive subjects Both gionps of patients weie chosen at laiidoni 
toiy population and weie fi 0111 5 to 79 yeais of age , of vibuitorj 

No coil elation was found to exist between the tliiesii gymect A 
peieeption and the side of the body tested oi the sex o 
significant mciease m the tbieshold was found m the ° diabett"- 

leets This mciease was not i elated to eithei the luiown c ‘ by the 

melhtus oi the seventy of the metabobe .is e ^ 

patients’ insulin leqmiements Diabetic subjects witn sj of vibiaton 

neuiopatliy tended to have a gieatei incidence and gieate a 
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impairment than those without such signs or symptoms Similar measure 
ments in iiondnbetic groups of obese and hjpeitciisne patients ie\ealed no 
differences m then thi eshokls from those of the eonti oi gioup 

Both the diabetic sue! iioiiclnbetie gioups of sniyccts shooed an inci easing 
threshold of vibratoij puception uitli inci casing a„e This increase was more 
marked in the toes than in the fingcis iml n is „icatei in the diabetic than 
in the nondiabetic subjects The data iciealed a nioie lapid iiiciease in 
vibratory thiesjiold among the diabetic subjects diiun„ the eailiei decades 
during the latei j eais of lite the tliieshold of the lumdnhetic subjects rapidly 
approached the lei el of the diabetic subject 

This study pioiides evidence foi the concept that the piocess of aging 
IS moie lapid oi of greatci iintial inteiisitv in the patient noth diabetes 
mellitiis than in the iiondnbetie subject 


6b JIECHANI&JI OF HV PtBTHERMI V NOT DUE TO INFECTION 

M.U.JI MoNToouEBa HD (Ba ImiTiTiov) Ford K Hick, HD and 
Roeebt IVood Keeton M D Chic igo, Iix 

Fevei usiiatly indicates infection but also ocenis uhen an individual cannot 
eliminate heat pioducod bj his bods niefaboiism a principle utilized in feiei 
piodiiolionbj theiarious cabinets 

In the past few joais a luniibcr of patients haie been obseised iiith fever 
not easils aseiibed to uifcetion Records of nine siicli patients peimitted stiida 
of the leetai temporatuie state ot the skin surface pulse late and rhjtiini, 
wood prcssuie and eiivii'onmeiital conditions Si\ developed fever ranging 
from 104 to 1078° P duinig hot hmiiid vveatliei and thiee developed fever 
rangiiij fiom 1023 to 100“ F duiing moderate vvctUhei Sin weavi postopera 
live and 3 vveie inedieal patients 

Failure of tianspoU of heat fiom the iiiteiioi to the body surface with 
consequent heat ictontion vvas indicated in five of the postopeiative and two 
of the medical patients by a cold slun and a high i octal temperature in each 
case a ciiculatorj factoi vvas piesent auiiciilai filnillatioii in two excessive 
tachycardia in two seveie hcnioiiliagc in one shock followaiig inyocaidiai in 
larotion in one, and ciieulatoi v collapse in acute Iiv ei neciosis in one 

Failuie to eliminate heat fiom a hot skin was piesent in one patient vsith 
ichthyosis who was vntnallv unable to sweat and in whom anesthesia siiigeiy 
and excessive bed coveiiiig combined with veij hot weather to produce a icetal 
temperature of 105“ P An overdose of baibitiiiate Jed to bjpeitheimia ol 
104 6“ P ui one patient fonnd luieonscious lu a hot humid loom Dehydration 
pulmonary edema, and anoxia plus a disturbance of the heat regulatory niecha 
msin were contiibatoi) factois 

In eaeli patient sevoial factors vieie opciatne but the common facloi was 
•he luahility to lose he it as rapidly asitwaspioduccd usnally due to inadequate 
ciiculalioii A hot hunnd envnoiimeiit was often the piecipitatWo faetoi smee 
this interfered with Iieat los„ The load on the caidiovasculai system was in 
creased by heat retention and attendant tachycardia This led to excessiie 
laehyeaidia or aiuiculai fibiilhtion with less efficient eiienlation and furthei 
heat icteiition 

Fiom tlie study of these patients with seveie Iwpci tiierniia one is led to 
considci the factor of heat retention m feveis of lesser degree such as oecui in 
congestive heait faduie shook myocaidial infaietion etc Heasiiies aimed at 
facilitating heat loss at tiie imeption of fcvci iiiav piciciit the scuous efteefs of 
hyperthermia 
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69 THE EFFECT OF HIGH VAGUS SECTION UPON THE CLINICAL 
PHYSIOLOGY OF THE BRONCHI 

Douglas R Morton, MD (By iNmmox), Karl P KlissexN, MD (By 
iNATTmoN), VXD George M Curtis, M D , Columbus, Ohio 

chitis°^httlrl^'?NSn of substeinal pain m patients havnng acute bion 

SvaluM on coiiceimng pain of bioncliial oiigin Consequently, an 

made in nationic^ j-f lefeiial of pain of bioncliial oiigin was 

eleetiorlo iiiimi stimulation of the bioncliial mucosa, usmg an 

ShieoDv ^ ^ bionclioscopc Following iccovcij: fronT the 

aclnniT min i a ? P^^tients desciibed the sensation as a niodeiately intense 
ante! 107 ^/ 1/11 uifl ^ ^ boniolatcial anteiioi chest oi the homolateral 

the Tofflini " f ^ogioii In a senes of tvventj-five patients thus investigated, 

the lefeual of pain was consistent and symnietxieal 

tJini fovuid to have inopeiable bionchogenic caicinonia at evploiatoiy 
plinifini ni^^ fiftoided an oppoitinuty to evaluate the efteet of vagotomy on the 
irn ^)^^o^ogy of the bioiiclii Aeeoidinglvq in these patients the vagus 
' +^ above the pulmonaiv" plexus, vet below the oiigin of the 

1 ecuiieut laiyngeal nerve, v\ itli the following icsiilts ' 

oiw 7 aiisnig fiom the homolateial bionchial tiee was 
1 . n Vi V ? ii^staiices (2) In the majoiity of cases pain of bionehial oiigin 
s a olisliecl on the homolateial side In the lemanung few, theie was lefeiral 
pain to the coutialateial antciioi ceivical legion (3) No effect on the 
7 lespiiatoiy change in hioncJiial calibei was noted, noi was any 
e ect obseivmd on hi onchial motility (4) On bionchoscopic obseivation no 
siiDsequent changes weie noted in the amount noi in the consistency of 
londiial secietioHS, likewise, postbionchogiaphy loentgenogiains levealed no 
impaiimeiit of Lipiodol cleaiance of the tiacheobioiiclnal tiee (5) In a hmited 
numbei of eases, eleetioeaidiogiaphic tiacings weie uiiafteeted by compiession 
ot the vagus neive oi its tiansection oi bj' electiic stimulation of eithei the 
pioxinial 01 distal ends of the tiansectcd v^agus 


TO PYRIDOXINE DEFICIENCY IN HTTI MAN BEINGS INDUCED 
YHTH DESOXI’TYRIDOXINB 

John F jMueller, M D (By Invitvtion), and Rich vkd AV Vilter, M D , 

CiNciNNVTi, Ohio 

Since 1934, when Gyoigy announced the existence of a new^ vitamin foi 
the lat, which when synthesized was called pyiidoxine, numeious leports 
have appealed eleaily defining deficiency states in vaiious laboiatoiy aiuma s 
These hav^e included seboiihea-like deimatitis, niusculai weakness, deeiease m 
lymphoid tissues, and deeiease in eiiculating antibodies in the lat, hypo 
chioinic anemia in the dog, anemia and cential neivous sv'stem lesions m 
swine, and lymphocytopenia and absolute inciease in iieiitiophiles m o 
monkey Theie has nev'^ei been a cleai-eut demonstiation that pyiidoxine 
essential to human beings and a pyiidoxine clefieieney state m man is i 
known 

With the leeeiit advent of metabolite iiihibitois, a new' tool has een 
placed 111 the hand of the investigator to study deficiency states on 
antagonistic activity towaid pyiidoxine has been cleuionstiated foi ^ 
pyiidoxine in the chick Diiiiiig pilot expeiimeiits to cleteimine the 
desoxypycricloxine in man, we obseived a deficiency syndiome piecip 
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by a vitamin B complex pool diet and desoxvpyridoxine nhich lesponded 
specifically to pyiidoxiiie These caily expciiments Iiaie been extended and 
are the basis of this lepoit 

Eight patients suffeiing fioiii vaiious ehioiuc dlnesses Here given 60 laO 
mg of desoxypyiidoxiiie intianiuseulail} dulj iv bile they iieie maintained on 
a diet low in \ itaiiiiiis of the B complex Hematologic studies wei e done he 
fore and at biweeldj inteii als aftei the institution of the expel iiiiental regime 
Uruie assays foi pjiidoxie acid thiamin iihoflaini and methylmcotinamide 
were done at weekly inteivals in most instances When the deficiency state 
developed the patient was placed on a vitamin B complex mixture devoid of 
pyiidoxiue and latei on pjiidoxine alone The desoxvpj ndoxine and diet 
were continued throughout the entiie expeiimental peiiod 

Seboiihea like skin lesions developed about the eyes nose, and moutli 
withm two to thiee vveelrs in seven of the eight patients In tliiee of the seven 
the lesions were quite seveie Half of the patients developed eiosions in and 
around the mouth lesemhling cheilosis of iiboflavni deficiency and glossitis 
resembling morphologicallj that seen m niaem deficiency One patient de 
veloped seveie systemic symptoms A mild but definite Jv mphoeytopenia ap 
peered m seven of the eight patients No anemia occuned These manifesta 
tions were iinelianged wlien the vitamin B complex mixture devoid of 
pyridoxme was giv eu hut responded iii fort} eight to sei enty tu o hours to 
the pai enteral administration of 100 to 200 mg of pyiidoxiue 

The authors feel that these lesions constitute at least one part of the 
human syndrome of acute pyiKloxine depiiv ation 

71 PANCRE 4.TIC DTSPUNCTION AND LIVER DISEASE 

R 0 lIuETHEtt, JI D , AVillivm Knight, Jr , JI D (Bv Invitation), 
vND Vincente Morvgues HD (Bv Inwitvtion), St Lotus, Mo 

Advances have been made iii the luiovv ledge of the etiology and pathogenesis 
of livei and pancieatio diseases Recent animal studies by Chaikoff, Best 
GiUnian, Ivy, and otheis have shown that fatty deposition in the liver or 
fibrosis may follow inflammatoiy changes in the panel eas panel eatie duct 
hgation, and pancreatectomy in dogs maintained on a diet of lean meat and 
insulin The hepatic changes could be pi evented by the feeding of paneieatic 
tissue and lipotiophic agents 

Experimentally theie appears to he sufficient evidence to indicate tint 
distuibanee in pancreatic function may lead to serious livei disease 

Hepatic changes have been demoustiated to accompany ceitain pan 
ereatie diseases such as diabetes meUitus and acute paiicieatitis However, 
pancreatic dysfunction as a cause of serious permanent In er damage lias 
largely been overlooked 

The use of fiequeiit seium diastase determinations and the piostiguuue 
diastase test has uici eased the accuracy and mcidenee ui the diagnosis of 
pancreatic dysfunction and has enabled us to detect abnoimaUties of the pan 
areas when diseases of other oigaiis in the upper abdomen may be also present 

We wish to report the case histones and laboratory data of five patients 
who had panereatie disease as shown by the eiimcal history elevated random 
mastase deteiraiiiatioiis and abuoimal piostigmme diastase tests and who also 
had hepatic disease These diagnoses vveie eonfiimed by surgical exploration 
"md biopsy 

The pathology in the Iivei iniigcd fioin peiipoital round cell infiltration, 
similar to that seen in cholaiigiolvtic hepatitis to the maiked fibrosis of ad 
vauced hepatic cirrhosis 
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In none of the cases conlcl the usual etiological agents of livei disease 
such as toyns, infection, oi inalnutiition be elicited The elevated seiiua 
diastase values which oeeuiiecl at inteuals in these patients as well as the 
abnoinial pi ostigiiiine diastase test aie at vaiianee with the low seinm diastase 
values usually ioiind in patients ivith damaged liveis These findings and the 
expel iniental woik of Chaikoft and otheis, which indicate that leuioval oi 
damage ot the panel eas in dogs and lats will lesult in fatty infiltiation of the 
hvei, as well as inflammatoiv changes and Aaiioiis types of fibrosis, lead ns 
to suspect that panel eatie dysfunction iiiaA* at times play an impoitant 
etiological 1 ole in the pathogenesis of In ei disease 


72 CHANGES OBSERVED FOLLOWING THE EXPERBIENTAL 
INFUSION OF THE DIURETIC SODIUJI SULFATE 

L A Naleiski, MD , Chicago, III 
(Imroduced n\ N C Ghrfrt, ilD) 

The diuietic ability of sodium sulfate was established some sixty leais aao 
in expeiiinental aiiiiiials It was fiist administeied paienteially to liiunan sub 
jects in 1934 No adieise cftects wcic lepoited in noimal subjects receiving 
moderate doses, and when given to patients w'lth diminished mine outputs, it 
appealed to be nontoxic Maitland encouiaged its use foi anuiia lesiilting fiom 
crush injuiies duiiiig the “blitz” in England, but it was not widely adopted 
Reeentlj'’ the Council on Phainiacy and Chemistiy of the Ameiican Medical 
^soeiation gi anted its appioval ±oi the parenteial use of sodium sulfate as a 
diuietie 111 the tieatnient of oliguiia oi anuiia secondary to the ciiish sjiidiome, 
bums, tiaiisfusion leactions, toxic heiiiohsis, and obstiiictive lesions of the 
genitouiinaiy tiact 

The authoi observed the use of this diuietic in four patients In two mth 
cardiac edema, one lesponded w^ell and the other expired siiddeiih several horns 
after 1 litei oi isotonic sodium sultate wms administered Two patients ivitii 
anuiia resulting from hemolytic icactions consequent to leceiving impiopeib 
typed blood expired wathout diiuesing Uniisualli high blood sulfate levels veie 
found following the use ot sodiiini sulfate 

The foregoing clinic.il obseivations prompted iiiithei expenmental studi 
ot tins drug Healthy female dogs w'cie anesthetized, aftei which they were 
infused wntli isotonic sodium sulfate A control group ot annuals vas stuclie 
using isotonic sodium chloiide The infusions w'eie maintained for a period o 
five houis At hourly uiteivals aiteiial blood samples were obtained and su 
jected to a complete electrolyte and acid-base study Uiiiie was coliec e 
quantitativelj- during the same intervals and studied similaily Electioeai lo 
graphic tracings w'eie made initially and at the end ot each hour At the en 
of the five-hour infusion the animals w'eie sacrificed and tissue biopsies obtain 

It was found that a tine acidosis developed foUowuiig sodium sidfete ni 
fusion and that this acidosis could be mitigated by the proper use ot 
the infusion media Histologic changes were present in the kidnejs o 
animals infused with sodium sulfate and absent in the control gioiip 
caidiogiaphic changes were also demonstrated dining the sodium siiJta 
fusion 

It IS concluded that the indisciimiuate use of sodium sulfate as ^ 
in cases of anuria is dangerous By utilizing a biilieied solution r 
sodium sulfate, it is thought that some of this danger may be elimma e 
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73 CARDIOVASCULAR flUVUrs I OLLOWINT} THU EXPERIJILNTAL 
ADlUNISfR VriONMil I VRIUV ( HLORinr 

L A NiLPFbKi AID (Bv IN^lIAI^o^; V ( ( iroEKT AID ind 
(t K Ffw aid f jm \ro lu 

Dunn^, leeeiu e\pDiJii)cn(s with ^alJou^ litpiim piepai ifioiis !t Mas fomid 
that the sodium salts of hepiuin )jieieised the uiionan floM \oliime Miule tlic 
barium salts of hepaiin did not sIiom this effect In eiiiliei uoik in coronary 
flon studies mc gained the impussion that the soluble bantiin salts acted as a 
coiQinrj coiistrietiiig agent A\e tiniefoie decided to stiicU the iction of this 
drug on the caidioc aseulai sc stem m detail 

Healtlu inongie! dogs mvin, in nci^lit tioin 10 to 12 kilogianw nao 
oi'en bmom chloride malic md paientoi die m i lonseioiis state Dlcctio 
cai diographic and piethcsnio^i ii>hii tncings ueie nude Blood piessmes cccie 
recorded The effect on eoionaic lion ccas dcteimmed in anestheti/ed animals 
hv eanniihting the coiomic sinus and also )>i stiidus on the cmptc heating heaif 
Barium chloiide adniinistialion uas lolhmed la] In electioeaidiognphie 
chmges sutli as seen in eoionaic insnlfieiencc ind (hi lie a caiietc ot siiluth 
anas A hypeitensice effect «as piodueed with a slowing of the beait i ite The 
pleth} siiiograpliM tneings indicated i gcnei dizod i ivoeonstnctar effect Coro 
iniy flon nasmaricodh dccicased in the cspeiiments conducted 

There appeared to bt a difftieme in toleiamc ot tlie diiigm canons animals 
Some Mould suddenh espiic cilh i„oni/in„ dies end electioeardiogiaphio 
tracings in these animals mdicaleil that death was caused be coionaij msuf 
fimeiioj AiUojisies made immednlclc aftei dcith sliowed giossh areas which 
were siinilai in appeanneo to those found immcdintch follocciiig ligation of a 
ooionar} arfcic Ml of these to\ie effects of hsijum chloiide could be delated 
or precciited be tieatmg the smmol piecioush oi dunng the esponment with 
aminophjlhn oi papacciiiie 

It has been shown he otheis that baiium ehlonde is precipitated cvjthin a 
matter of seceial nnmites he the snifsto ions noi malic present in the blood 
stream Thciefoie it ecus diflieiilt to e\phin the piolonged effects that 
barium chloride adimnistrition sometimes c hihils Because of this pnados 
colloidal baiium sulfate piepaiatioiis wore iinclc and given paientciallj Similar 
electrocaidiogi spine elnnges weie obtained with this molecnlai preparation 
as with the ionized salts 

Riom these e\ponments cce lonelude that the clinical use of barium 
chloride 111 the Stokes Adams sc ndiomc oi foi am othez purpose is dan„eions 
and iinpiedictable 


II MDNEV rXCRFTION DURING AND iUTER IICJIOGLOLINEillA 
A AIethod loa PnomjcriON ok Hkciooi oniNi ' mu b\ IIk h '3o\ic ALbuction 

AVnnuciH OnsoN MD (Bv Iwitiuon) vndII ^^cIl^LK.s AID 
f nil VI o It n 

Dm ooal in this uoik was to obtain an tvpeiimuilal inmial with 

ciaiipletc suppicssion of 1 idiicv cvcietioii due to hemoglohinenii i the amm il 
to remain iiiuuc and dm in uitmii liom ficc, to ten dies iftei the onset ot 
hemogloinnenii i Vtiitc and eluonic evpiiiintnls ueie done on laige healthj 
male dogs 
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Acute expenments weie peifoimed using the following methods foi pio 
dueing hemolysis theimal tiaiuna, intiavenous injection of distilled water, 
intiavenous injection of hemoglobin solution, intiavenous injection of hemo 
lytic agents, heating and cooling blood, and, finally, use of high fiequency 
sonic vibiations The lattei method pioved to be the most useful, and it was 
employed thioughout most cxpeiiinents Blood piessuie, urme evcietion, 
blood studies, and siiivival time weie studied Foi pioduction of the some 
hemolysis, a magnet ostiiction oseillatoi was used that pioduced high eneigj' 
by giving oft vibiations in the legion of high some fiequencj The magneto 
oscillating lod was placed into a glass cup with two side caiuuilas which weie 
connected to blood vessels The blood was hemoly/ed as it flowed past the lod 
An extiemely high degice of hemoglobincmia could be obtained, the highest 
value Avas 11,125 mg pei cent of plasma hemoglobin 

In well-liydiated animals ivith no heniocoiicentiatioii, hemoglobmemia 
maj' produce complete suppiession of kidney excietion dm mg the period of 
hemolysis Folloiving this tlie animal may develop diiuesis when plasma 
hemoglobin is below 5,000 mg pei cent, oliguiia when plasma hemoglobm is 
betiveen 5,000 and 8,000 mg pei cent, oi anuiia wdien plasma hemoglobin 
IS aboA e 8,000 mg per cent In an animal Avith model ate i eduction of blood 
piessuie, togcthei A\ith a piogiessing hemoconcentiation, the production of 
hemoglobmemia Avith levels aboAc 2,500 mg pei cent resulted m amiiia 
The duiation ot the pci rod in Avhich hemolysis Avas pioduced AMiied be 
tAveen ten and sixtj' minutes It is felf that, foi the study of experimental 
auuiia, lapid hemolysis must be used, m oidei to obtain compaiable expeii 
mental ammals 


75 Cx\.RDIAC FACTORS IN ‘NEUROGENIC” PULMONARY EDEMA 

Robert P UNE, M D (Bx iNviTmoN), LLaraty R Butcher, MD (By 
Invitation)) and John R Saiith, M D , St Louis, Mo 

Expel imeiital evidence indicates that Stalling’s piiiiciples of flmd balance 
aie applicable to the Imig Piilmoiiaiy edema folloAvs eithei a diminution o 
blood osmotic tension oi an mcicase in capillary hydrostatic piessuie luit ei 
more, incieased pulmonaiy hydiostatie piessuie, sufficient to provoke ’ 
results Avheu cardiac overload is unequallA^ thioAvn upon the left yentiic e 
IS likewuse po'ssible that left ventiicidai overload may be pioduced bj’’ u6 
genic” factors Incieased mtiacianial piessuie oi vagal stimulation aie 
poited to cause pulmonaiy congestion and edema thiough caidioAaseua 
sponses extianeous to the lungs , 

In open-chest pieparations of dogs, pulmonaiy and systemic 
venous piessuies Aveie simultaneously lecoided The admuiis ^ 
epinephiine (0 25 to 10 mg intiavenously) pioduced the usual ° 

of aiteiial piessuie and marked biadycaidia Caidiac dilatation 
of pulmonaiy venous and aiteiial tensions occuiied, AVitli 
edema of the lungs Conveisely, Avheu bilateral faiadic vagal stmiu 
applied, the i esultmg bi adycai dia Avas accompanied by a fair ^ 
aiteiial piessuie, pulmonaiy congestion and edema did not ivifh 

gested that sufficient elevation of systemic aiteiial piessuie, g 

critical biadycaidia (reduced minute volume output), ven tilde 

OAmiload the left ventricle tf theie is continued competence or ° go-enic m 
and optimum Amnoiis letiiin The expeiimeiits suggest “lat 
fliiences may alter the pulmonaiy Amsculai djnamies thioiign aej 
lead to impaiied left ventiiciilai function 
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76 DIABETES PETEOTIOA 

Bruno T Pitprs 111) irimiiMr Wis 

(Inti ODUCFD B\ Miuricf 1Iuicoro\t 11 D) 

Diabetes deteetioii is becoming i problem of inci easing impoitance Eaih 
diagnosis niaj be tbe onlj ins one tan hope to modifi oi possibly cme the 
disease This is a pielimnnn repoit on i tliabetes detection smie) stalled 
m September 1948 nhieh is still being earned on at an mdnstnal plant ni 
Milwaukee IVis To date 180 patients liaie been tested 69 female and 112 
male their ages ranging fiom 18 to 75 aeais The patients aie an uiiselected 
group who come to the medical depaitment foi routine plnsieal eNaminations 
or come anth nunoi ailments Iso patient with a definite histoiv of diabetes 
or symptoms suggests e of diabetes is included in tlie present repoit The 
induidual besides havnig lontnie laboiatois eNaiumations was giaen 100 
Qm of glucose on a fasting stomach and a blood sugai deteumiiation two 
hours after the ingestion of the glucose The blood sugar determinations w ere 
done by the Polm 'Wu method leeenth the Somogii method has been used in 
addition 

If the blood siigai lepoit was 130 mg oi oiei the patients weie told to eat 
a normal diet duung the neat three dais and warned against missing meals 
or fasting Aftei that peuod a glucose toleiaiice test was done In those 
patients who fulfilled the followtng eiiteiia picsenco of sugar in the urine to 
gether inth peak loiel aboie 170 mg pei cent fFolin Wu) after the ingestion 
of glucose a diagnosis of diabetes was made Eleien cases fell in this gioup 
Ihve patients weic diagnosed as haring a piediabefic state because these 
patients demonstrated diabetic glucose toloiaiice cun es but did not have sugar 
m the urmo A diabetic curve is one with a peak level above 170 mg pei 
cent and a level above 130 mg pci cent two houis aftei ingestion of 100 Qm 
of glucose In these five patients the peak lev els ranged from 196 to 216 and 
none bad a letuin of B & to below 132 ni two horns Two patients were 
classed as potential diabetic patients Thev had peak lev els of 225 and 187 
respective!}, and two hour levels of 108 and 114 with no sugar m the mine 
On the basis of this sui v e} eleven patients oi 5 1 pei cent had definite 
diabetes as pioved by an abnoimal glucose toleianee and sugar in the mine 
Dive patients (2 8 per cent) had abnoimal glucose toleianee ciuves but had no 
sugai in the uime and two (1 1 pei cent) weie classified as potential diabetic 
patients None of these patients hav e s} mptoms of diabetes Some hav e had 
several deteiminations during the jcai and continue to show the same afa 
noimal tolerance cuives Only seven of these patients have fasting blood 
sugars above 120 rag per cent the highest being 151 mg pei cent 

If one considers the fiist two gioups collectively approsimately 7 9 per 
cent of the patients will hav e diabetes It is felt that screening methods for 
^abetes will uncover a large number of diabetic patients but maiij will still 
00 Missed unless more aecuiate testing is done 
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INTERPHETATION op the EESULTS op the FLOrrm AwnM 
tests on basis op biopsy pindiSnd protb“ 

partition 

H Popper, M D , Predfrick Stfigmann, M D , J de lv Huerga M D 
Y nigtation) , Chicago, III , and Hurray Pranklin, jM D (W 
Invitation), Iowa City, Iowa 

eabes^is*^n?t*fiil]f flocculation tests in hepatobiliaiy dis 

foVrin i <?7 ; ^ imdez stood despite then established pi aetieal value Theie 

lesSts H cSim ho"""rr (226 senes';,! dete^tions^X 

tmbiditv /yc-T, ' ill thymol tuibidity (TT), zinc sulfate 

weie eoLpaied lecently desciibed gamma globulin tuibidity (GOT) 

pioteins into albumin chemical and electiophoietic paitition of seium 

findino-s in livm hinnc vanous globulins and, wheie available, with the 

piolifeiation'nf\’^frvf^*^”^^^i hepatic disouleis mostlj lelated to 

lecocnized ^ othei mesenchymal celE and histologically 

an exmession cytoplasmic iibonucleic acid This is possiblv 

PiodiiSs Tbif ^ foimation ox of stimulation by livei cell bieakdown 
the elevation of elevate all flocculation tests It also explains 

with teiidenov + ^®<^oveiing viial hepatitis, being moie maiked 

witii tendency toi cm hosis foimation 

of mtn gamma globulin foimation in seveie jaundice as lesult 

bile T)n>mont 1^1 obstiuetion, appaiently i elated to excessive 

Dile pigment imbibition of the Kupftei cells 

4. I lAm nrcini i • t _ _ 


-f --pv 

"lobnlins^^w^^^^^ (despite elevation of the gauiuia 

of hihnJ hiimoial factoi occuiiing in obstuictive jaundice (piobably 

unkuowifch" ciiihosis without jaundice (so fai of 


unknown chaiaetei) ^^^«=’^cnau.> in ciiuiosis without jaundice (so tai oi 

ni obablj" icsultiiig fiom qualitative changes of seiuin albunun 

h imZZi CP and TT, not explained bv changes m the al 

hiunin/gamma globulm latio > » 

I aIi+Li enhancing factoi, possibly of lipid chaiactei but uot 

1 ^ 1 cholesteiol concentiation Tins accounts for the often 

nomal 01 only slightly inci eased TT in alcoholic cnihosis 
. , these factoi s pioduces diagnostic patterns of the flocculation 

+011^+^^^ conditions Only in toxic hepatitis was the pattern not chaiae 
.i , “C thiid and fouith faetois account foi the noimal flocculation tests 
ex lahepatic bihaij'' obstiuetion and occasionally in hepatitis with iiitia 
epatic obstiuetion, both even in piesence of seveie livei damage Siipeimi 
p^ed bacteiial infection in extialiepatic obstiuetion may laise GGT, OF, and 

II without neeessaiily elev ating ZST Undeistandnig of these factois and 
he peiioiniance of all foui flocculation tests iiiei eases then diagnostic value 
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78 A PBCLIMIN^VBY REPORT ON THE STUD\ OP iiyOCAEDIAIj 
INFARCTION- BY AURIOliEVR CATHFTCRIZ ITION 

IYalteb H Pmtch VRD, If D HEB3Il^ IfELEFrsTEiN, AID (By Invitition), 
Robert Lewis, M D (By iNvjTmoN), ind Scott Ineley MD 
(B\ Inmtvtioe;, Clfxelvnd Ohio 

In a pieliminaiy e\peiicncL imtiating a stiuh of the djnniHe effects of 
icute myocaidial iniTietioii si\ patients ueit stinliecl bj the light amieutar 
catheterization teelmique Alt patients had definite evidence of t)ie onset of 
an acute infaict both fiom elinieal and chetiocaidiogiaphic studies tui to 
seienteen days piioi to eathetenzatiou Caidinc ihrfhm nas uoiiual and 
congeatue faihiro absent This postiuf iietion penod nas selected as the 
period of initial stndv liecanse of tlu thcoietiml hazaids accompanying 
catheterization imniediateh folioning an aiiite iiitaict Aftei sufficient data 
and expeiienee have been acipiiied in the stndi of tins period obsenation mil 
be eateiided to the moic immediate posfinfaiction penod 

In nine control patients hospit dued foi a similai period of tune with 
diseases other than cardiac disoiders eaidiie mdices langed fiom 2 8 to 3 8 
liters per minute per sqnaie nietei of hodi suifaee 

No difBoulties oi complications Jiaie lem encounteied dming or after 
catheterization Basal owgen consumption and upht auucular pressuies 
during the piooedure iveie mthm noimal liiiiits ni nil patients 

In thiee patients caidiae output aiteiial blood piessuic and heait nork 
were within uoimal limits Iii the lein lining tluee patients all of whom had 
low Wood pressures noik was reduced appiosimatch 30 pet cent below the 
lower Uoimal range of the contiol values 

One patient was oatheteiized on the tenth and again on tiie tluiticth post 
infarction day At the first catheterization lalucs for output and work were 
low Following the usual eluiieal improiement duiiiig the followung three 
weeks, blood pressma and woik lose but cardiac output leuiained unchanged 
These studies are of a pieliuiinaiy iiatiiic me! no eonehisioiis relative 
to faotois leading to reduced output oi inaiiitenanec of a uoimal output follow 
ing inf ai ctiou can be drawn In the pi esent small series of cases thei e was no 
correlation between the apparent size of the infaict deteiramed from the 
eleotrocardiogiain and the level of laidiac output 


W TWO RARE CASES OF CONGENITAL ilALFOBJIATION OF THE 
heart op the CYANOTIC GROUP RIGHT HEART 
CATHETERIZATION AND ANGIOCjVRDIOGBAPHIC 
STUDIES 

0 Pkec (By Invitition), L N Kvtz, HID W Hw vnq (By Invititiov), 
iNB N Grossman (By Inutition) Ciiicioo III 

Two cases of laie anomalies of the eyanotic group which must be dif 
ferentiated from the tetralogy of PalJot aic pieseiitcd 

The fii-st case is that of a girl years of age w ith symptoms of mild 
dyspnea and cyanosis on eveition Cardiac cathetei ization and anigocardi 
ography demonstiate a compIeN nialfoimation consisting of (a) a single 
lentriclc, (h) a pseudoti uncus arteiiosus uith probable hypoplasia of the 
right pulmonary aitery, and (o) aberiant venous coiouaij drainage directly 
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into the common ventiiele Data and piesbuie tiacings aie pie&ented Dif 
teiential diagnosis and ceitain hemodynamic factois, paiticnlaily those which 
may distuib the balance lietween the systemic and piilnionaiy ciiciiits, aie 
discussed 

The second case is that of a 4-yeai-old giil ivith peisistent cyanosis Data 
obtained by light lieait cathcteii/ation leveal (a) tiansposition of gieat ves 
sels, (b) mtiaventiiciilai septal defect, and (e) patent ductus aiteiiosus The 
problem of ditfeiential diagnosis m this ease between the Eisenmengei com 
ple\ and Taussig’s heait, consisting of tiansposition of the aoita and ovei 
iiding pulmonaiy aiteiy, is outlined and the dynamics aie discussed 


80 STUDIES ON TUE SPEEAD OF EXCITATION TimOUGH THE 
VENTRICULAR MYOCARDITOI 

RatiiondD Pruitt, M D , IIiram E Essex, PhD (By Invitition), and 
Howard B Burciiell, M D , Rochester, Minn 

Diiect lead eleetiocaidiogiams have been lecoided on isolated peifused 
dogs’ lieaits subjected to ceitaiii uijiuies designed to influence the spiead of 
the excitatoiy piocess tliiough the veiitiieiilai myocaidium These mjuiies 
weie pioduced by the intioduction into the left oi light veiitiiculai cavity oi 
solutions 01 ciystals of potassium chloiide, silvei nitiate, phenol and cocaine 
Injuiies sufficiently seveio to be attended by the electiocaidiogiaphic 
pictuies of bundle biaiieh block did not eioke any specific effect which might 
be asciibed to aiboiization block consequent to destiuction of Piukmje nbeis 
As complexes typical of bundle blanch block developed in epical dial leads, 
the QRS complex in leads fiom the I’-enti iculai cavity nito which the trail 
matizing agent had been mtiodueed assumed an essentially monophasie chai 
actei, with an E waie veiy similai to that lecoided simultaneously tioni . 
contiguous epical dial lead Appaiently, endocnidial and epicaidial elect! o es 
boie a similai spatial i elationslup to the spiead of excitation thiough i 
inteivenmg ventiiculai wall 

In an attempt to account foi these findings, the following hypothesis vas 
pioposed The speed at which the excitatoiy piocess spieads thiough a 
tain segment of the myocaidial syncytium depends upon the oiieiita 
the fibeis in that segment to each othei and to the point of ° ^ 

tion Spiead down a stiip of fibeis of which the long axis is paiallel 
long axis of the stiip is lapid as compaied ivith spiead down a stiip m i 
the fibeis lun at a light angle to the long axis of the stiip , the 

tivation IS lapid not because of the presence of Puikinje fibeis, but oem 
subendoeaidial bands of myocaidium foim a netwoik thiough whici 
tion can moie lapidly along the long axis of the fibeis p„tiicle 

septum in bundle bianeh block and acioss the fiee wall of the le pyp'h 
in the noimally activated heait is slow because excitation is movn o 
fibeis, the long axis of which is peipendieulai to the advancing w 
citation £ |.|jg 

Testing of this hypothesis was nndei taken by isolation of a q>]ie 

ventiiculai wall, except foi a limited attachment at one end oi i gijsposi- 
spiead of excitation down this segment was studied ni i elation the 

tion of the fibers constituting the stiip The piesence of a es 

long axis of which is paiallel to the long axis of the p emcaidial 

sential to lapid excitation of the segment "Whether these hbe 
or endocardial makes no diffei ence 
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81 THE PATHOLOGIC PHY&IOLOGI OF IIEGA ESOPHAGUS 

I Dmiin PuiptL AID CoLiMBus Ohio 

The actual uadcibuiig pht aiopathologt of mega esophagus js still a matter 
of uncertainty, m spite of mam theories set toith Because methods of de 
ternunmg the functional behafioi of vanous paits of the esophagus have heio 
tofore been so equivocal and inadequate we lime felt that esophageal motility 
studies by the balloon and kj mograph method might aid in solving this prob 
lem We have made CNteiisn e esophn„eal motilitv studies nndei varying con 
ditions of three noinnl persons thiec patients with achalasia and five patients 
with organic ohstinetive lesions of the esophagus 

The three normal peisons seised as eontiols They wcie studied under 
vaiqing conditions otei many honis These studies show that oigamzed 
frequent contractions of good aiuphtude aic i elated normallj with powerful 
peristaltic waves and an c\eel!ent deglutition effect as leiealed by a strong 
pull on the Einhoiai tube attached to the balloon Thes plav an outstanding 
role in llagendie's thud stage of swallowing 

Infoi Illation obtained by fluoioscopa and \ ia\ film studies dining barium 
swallow and by observed clinical effetls on the inflated balloon which acted 
as a bolus of food was coraplcmentai> to that obtained from the esophageal 
motility studies The data consideied togethei gave adequate conceptions of 
the action of the musculature of the esophagus These data indicated that 
the intrinsic motility of mega esophagus \aiies gieatly being almost alwajs 
irregular uncooidinated hvporcsponsii e to stnniib and not completely ef 
fectivc III fact the lutiinsie motilita at times completely failed and in one 
patient was entiiely absent indieatnig total iiiotoi paialysis This differs from 
that of the organic obstnictne lesions of the esophagus in which theie usually 
occurs a normal motihty ui the segment jnoNinial to the lesion hut laielj 
a hjpeimotility or even a hypomotilitj depending upon the degiee of ob 
stiaiotion and the stage and compbeatioiis of the organic disease Achalasia 
of the esophagus also differs f i om true esophagospasm in w hich there usually 
oceura a hypermotility and hypeiinitalulitv 

These data indicate that the disease in idiopatluc mega esophagus is not 
localized necessaiily to the caidnc end of the esophagus as is commonlj be 
hcved In om eNpeiienee functional ahnoimahtics often involve the entiie 
length of the esophagus Ihese newer ohsenations offei fuithei evidence foi 
and are compatible with the general theoij of achalasia as an undeilyuig 
meohamsm of cause of idiopathic nicgo esophagus 

A discussion will he presented of the effects of atropine and sympathieo 
lytic and parasympathomimetic drugs upon the disturbed peristalsis The 
ohnical implicatious of these data w ill be set forth 


82 THE PROTHROMBIN ACTIVITY OF HUMAN BLOOD 

tKwvND J QmcR MD and AIahio Stefanini AID {Bv. Invitation) 
AHnw lUKEC Wis 

In 1943 when the labile faetoi was discoveied it was noted tint the ad 
'htion of a small amount of depiothronibiiiized labbit plasma which has a 
nigh coneeiitiation of labile factoi to stoicd plasma reduced the prothiombiii 
time maikedlj below normal Recently it was found that if blood was care 
tnllj collected and stored in silicone coated giasswaic the piothromhm ac 
tmty decreased on stoiage but the addition of depiothiombinized rabbit 
plasma that is excess labile factor icduced the piotiuombin time onh to the 
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level of flesh plasma By means of the clncct method of deteiminmg pro 
thiombin by adsoiption with tiicalcium phosphate and elution ivith sodium 
citiate, it was fuithei found that plasma stoied in glass twenty-foui horn’s oi 
lougei contained a much gieatei quantity of piothiombin than fiesh or stored 
plasma kept in a silicone-coated eontainei 

Obviously pi otlii ombin activity iiici eases in plasma stoi ed m glass This 
IS masked by the deeiease iii labile factor and only becomes evident when 
labile f actoi is i eadded In a silicone-eoated contaiiiei such an augmentation 
does not oceui duiiiig seimial days of stoiage The change iii piothiombm 
activity IS explained bj’- postulating that piothiombin iii ciiculatmg blood 
exists both in an active and in a picemsoi state In contact with a rough 
surface such as glass the pieeuisoi is conveited to the active foim In o\ 
alated plasma the activation is relatively slow, while in natn e plasma it occuis 
in less than an hour What f actoi other than the surface of the corrtarner is 
necessary for this conveision to actne piothiombin lemains inidetei ramed 
Platelets, calcium, and thiombin are not essential for this i eactioii 

Total and free piothiombin and the eoineision to the active foim are 
1101 nial ui hemophilia and thrombocytopenic pur pur a In Diciimaiol poison 
iiig both active and total piothiombin aie reduced In one type of congenital 
hyiiopiothiombineniia both the actne and total piothiombin aie below uoi 
mal , ui a second tyiie the active is low but the total may be noimal 

In summai}'-, piothiombin in human blood occuis partly in an active foim 
and partly in a pieeuisoi state Piothiombin aetmty as measured by the 
piothiombin tune is dependent upon the eoncentiations of (1) active pio 
thiombin (not total), (2) labile factor, and (3) bound calcium Whethei the 
inactive piothiombin acts as a leseiie oi becomes activated dining standing 
IS not known 


83 THE EOSINOPHIL RESPONSE IN ADRENOCORTICOTROPIC 
HORiMONE (ACTH) TIIERi:\PY 

Theron 6 Randolph, hi D , DxVvid E JLirkson, M D (By Invitaiion), 
.VND John P Rollins, M D (By Invitvtion), Chicago, III 

Ten patients with diagnoses of rheumatoid aithiitis, ulcerative 
bionchial asthma, and other allergic disturbances were 
during, and, in some instances, following the cessation of therapy wit ^ 

Aimoui by means of serial direct counting chaiiibei eosinophil deter m 
of the peiipheial blood with propylene glycol-phloxnie stain diluting 
previously described by one of us (T G R) per 

All average of eleven blood eosinophil deteiminatioiis was , 
patient prior to starting ACTH therapy The average number o ® 
eosinophils was found to be 472, the range varying from a mimmum 
to a maximum of 2,354 cells per cubic millimeter of blood +r,iinwmo’ the 

Eosinophils disappeared tioni the peripheral the ob 


iiitiamusciilai admmistiation of ACTH in all instances, ®„,pop]iiJs 

sei vations of Hills, For sham, and Finch An absence of eii ciila ni^o hours, 
was hist noted in one case at six hours and in another 'Ved from 40 

with an average of twenty-eight lioiiis The dosage lesponse 

to 200 mg per day The total quantity lequiied for this ^•]12mg 
vaiied from 15 mg in one indivdiual to 400 in another, aveiag » 
twenty-four hoiiis , , . ei«-ht horns, two 

One patient wms treated with 100 mg daily for the eosmophOs 

foi fifty-four hours, receiving a total of 325 and 225 mg AC > 
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retuinetl to pretieatmont le\eK three foiii lud six dais jespcctively follow 
ig cessation of tlioiapv One patient tieated it a Iciel of 200 mg daily for 
thirteen dajs clci eloped an eleiation in eosinophils to thiice his pretreatment 
aiciage level eoinoident with a leduction of Ins dose to 150 mg 

Pretieatment csamniations of the nasal stciefions and sputa in three pa 
tients Tciealed high lei els of eosinophils these cells disappeared from the 
nasal and bronchial secietions betnecn twehc and tiveiitj four hours aftei 
the onset of ACTH therapy 

84 jUiLBSQIC REACTIOls's ItiLLOMINt. IHE ^\TRA^fENOUS 
INJECTIOiY or CORN^ SLGVR (DEATROSn OR GLUCOSE) 

Therox 6 Rixdolph 31 D l^D Jons P Roluvs VD (Bv IvvirvTiON) 
Ohio loo, III , ixdClvdeK 33aLTEB ilD (Bt Imitition) I ousoSTon'si Ohio 

Pyrogen eontaminafion has been consnlfied as the nn]Oi eiuse of le 
actions associated inth intnienous dextiose thei ipi Vlthough the mstitu 
tion of sterile laoinim pached fluid contsineis and sttrilo pacKed disposable re 
eipient sets has laigely eontiollcd tbesi taetois distiuling ohnieal leaetions 
still oecui The fact that these reactions ippi at m selected individinls siig 
gests that the cause may be due to some puuliiiiti of the recipient 

So completelj Inic the teims Uextiuse and glucose been disassociated 
from then souico nnteiial that it is not „eneiilli icalued that all dextrose 
or glucose is piepaied fiom the simph hidiohsis of coin staich The fict 
that the ingestion of corn staieh and com sugai (dextrose or glucose) causes 
allergic responses in com sensitne indiuduals i uses the possibility that com 
sugar might also act as an allergen » hen it is injec ted 

Of seveial patients pieiiouslj shoun to he Inglilj com sensitise four 
weie selected for tins repoit In each ease the diagnosis of com sensitnitj 
"as made as a lesiilt of the eapenments} feeding of coin meal guiel and coin 
sugar aftei four days of complete com aioidance Tiientj fiie cubic eenti 
nietera of 5 pci cent dextiose weu mieetcd sloiiij intrai enously under sterile 
and pyiogcn eoiiti oiled conditions In each eise seccie constitutional u 
actions oceniicd "Inch iveie elimcalh smiilai to those obsened following the 
ingestion of corn sugai and com meal The eontiol injection of illicit sugai 
of cane oiigui failed to produce a sinnhi lesponse with the exception of one 
papent elinically sensitne to both coin and lane Similarly the contiol in 
lection of normal saline was w itliout effect 

The importance of these obseiiations cannot he dismissed inasmuch as 
corn sensitiiity and wheat sensitiiitv are of approximately equal oceuirenee 
ranking as the first two foods responsible foi the production of chioiuo food 
alieigy 

Clinical reactions fiom the intiavenous injection of com sugai occm both 
m wndugaosed and diagnosed eases of com scnsitmtj Iloie iioleiit leaetioiis 
Way be expected in the com sensitive individual who has aioided sources of 
coin 1)1 t))e ,jie{ either intentionally ot madveiteiitlj foi seicnl dajs pnor 
lo the intravenous administration of dextrose oi glucose 
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85 THE DETERSHNATION OP THE BASAL JEETABOLISM BY 
PERIODIC jMAXIMAL EXHALATIONS 

Henry W Ryder MD, vnd Virginia M Esselborn, MD (By Invitvtion) 

Cincinnati, Ohio 

The measuieuient of the basal metabolism is subject to coiisicleiable vaiia 
tion thiough the iiatuial inability of many subjects to bieathe evenly IVe 
have investigated the possibility that the chest position aftei a voluntaiilv 
foiced e\halation might be less vaiiable than aftei a qiuet evpiiation and 
theiefoie lead to a moie leliable method of estimating the basal ovygen con 
sumption 

One bundled and fifty consecutno subjects of both sexes, with gieatdi 
leisity m age, height, weight, intelligence, and illness, weie studied elimeally 
Then oxygen consumption was measuied by the test and standaid methods 
The test method was a modification of the standaid in that eveiy minute the 
subject was dnccted to foiee a maximal exhalation The fiist sixty-two sub 
jects weie tested by both methods Foi the second gioup of fifty-fom sub 
jects a thud method was intiodueed, ivluch modified the test method by con 
tinuing foi twelve oi fouiteeii minutes and by including eaily m the test the 
lieifoimanee of the maximal bieathing capacity The last gioup of thiity-four 
subjects peifoimed the standaid and test methods in duplicate The ordei 
111 which all tests weie done in each senes was deteimined fiom a pieananged 
schedule deiived fiom a table of landom numbeis 

The test pioceduie does not measuiably affect the late of oxygen con 
sumption It lesults in significantly less vaiiatioii between duplicates 
usually collects foi systematic oi iiiegulai deviations in the depth of un i 
rected bieathing that conimonlv lead to eitliei an indetei inmate conclusion o 
to a fallacious infeienee as to the tiue late of oxygen consumption Ihe un 
foiniity of the end point of foiced exhalation is unaffected by such lac 
as lung disease, congestive lieait failuie, dysthyi oidisiu, lack of 
low intelligence of the subject and is less affected by consciousness oi re 
mg than IS the standai d method „ 

Theiefoie this simjile modification of the standaid method of ^ 

the basal metabolism allows the late of oxygen consumption to 
in some subjects when the standaid method is uni eliable, and in all s j 
the estimate is usually significantly moie jnecise 


86 IDIOPATHIC DH.ATATION OF THE PULklONARY ARTEEl 

Francis P Rosenb vuu, M D , and Joseph P Kuzma, M D 
Milivvukee, AVis 

Inci eased inteiest ui the diffeieiitial diagnosis of ^^tation 

ease has attiaeted attention to an unusual disoidei p^^ulmonai}' 

of the mam pulmonaiy tiunk with oi ivithout dilatation o gp^panied 
arteiial blanches This change in the pulmonaiy aiteiy ^jgiedacon 
by any othei stiuctiiial caidiac oi pulmonaiy disease It is e 
genital caidiovasculai disoidei but its etiology is undetermi 
twenty eases -which aie acceptable by lelatively stiict eii eii common 

ported, but theie is evidence to suggest that this anoma v 
than has been assumed have been 

Five examples of idiopathic dilatation of the piilmona y V gy and m 
obseived In two of them the diagnosis was established ar a 
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OHO of these the diagnosis iias made ante mot tern Tins patient was observed 
over apeiiod of ten ycai-s The dilated pulnionatv aitencs neic demonstrated 
aagiographically sis. mouths before hci death At that time the light, mam 
palmonary arteual hiaiich was complete!} occluded lij a calcified thiombus 
The post mortem e'.aminatimi disclosed a pulmonai v tiunk which was actually 
considerably larger m dianietei than the heart itself The tinec additional 
patients arc lising but the clinical picUne seems eompatiblc with the diagnosis 
in all respects 

This disorder seems to piodominnte in female subjects It has been ob 
served fiom childhood to old age Djspnca cough cvanosis and hemoptysis 
are common symptoms although the patient often has few complaints until 
late m his conise and the final illness Dia% he very biief The toleiance for 
erercise and pregnancy is usually suipiisingiy good The major ahiioimahtics 
disclosed by physical eaaimnation are a systolic murmur and a systolic pni 
sation lu the pulmomc area accentuation of the pulmomc second sound, and 
often a diastohe murmur along the nppei left sternal margin The abnormally 
dilated right outflow tract is easiK iisuahced i adiographically as well as in 
angiocardiograms and abnormal pnlsations of the pulmonary aiteiies are com 
mon The electroeardiogi ams iisiialh show incomplete or complete right 
handle branch block oi evidence of right veiitiicular hv'pertrophj Recent 
studies by Gouinand and associates have indicated that m these oases the 
systohe pressuie within the dilated pulmoiiarj aiten is not elevated and in 
fact IS iowei than m the right ventiicle 


87 THB firPECT OP VUREOAIVCIN 0^ UROBILINOGEN 
rORJEVTION AND TDP FECAL FLORA 

T M Suonov, MD (Bi Iiivutatjon) Phopmixvilke Pv anp A R Jii 11 D 
(B\ IvvtTAnov) vND C I AAatson JfD AIivsevpolis Ito'J. 

The effect of aurconijcm on uiobilinogcn foianatioii has been studied in a 
senes of fifteen patients The amount of fecal uiobilinogcn was deterauned 
serially m seven of these single dcteiniinations being made m the remaindei 
Bactenologia studies of the feces weie earned out on eleven samples in foui 
eases In addition tlit amount of mobihiiogcn in the bile obtained by duo 
deiial tube was detei mined in eight cases 

These studies leveal that following aineomvein and concomitant with a 
cleat reduction or practical disappearance of coliform oiganisnm in the feces 
the urobilinogen of the feces nnne and bile maikcdlj dmimishes the values 
often falling into the langc which cliaraetei izes complete biliaiy obstruction 
The bile urobilinogen was eiituel} absent m seven of the eight instances onij 
a trace being demonstiated in the eighth This may be contiasted with the 
uniform piesenee of small amounts in fifty individuals not receiving aureo 
eijem The Ilanison test for biliiubin applied to the feces often became 
positive after auieomyem hut the amounts did not appear to coi respond with 
the reduction m amount of urobilinogen 

In a case of subacute bacterial cndoeaiditis in which mohilinogeii studies 
uero first carried out aftei one month of eontumous aureomycui theiapy the 
tcces contained very little biliiubin but gave i finly intense Ehilicli reaction 
lor uiobilinogcn It was possible to demonstiate hovvevei that no steico 
bihnogen was piesent poiaiimctiy iciealed that the only urobilin represented 
"as devtiorotatoiy latlicr than levorotatory It was believed significant that 
the bile was now Ehrlich negative indicating that the fecal urobilinogen vvas 
fot hepatic ui origin The feces at this time contained colon aerogenes inter 
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mediates but no typical E coh Nonpioteolytic clostiidia weie also piesent 
This combination is of inteiest since Kammeiei and Jlillei, and, moie lecently, 
Baumgaitel have ascribed the i eduction of biliiubm in the colon to E coh and 
spoie-foiming anaeiobes In the piesent study E coh was legulaily lacking in 
the feces aftei auieomyein and it is evidently essential to the i eduction of bill 
lubin to steicobilinogen It appeals, howevei, that othei oigaiiisnis of aeio- 
genes type aie at times alile, perhaps in association ivith clostiidia, to effect a 
paitial leduction of biluubiu, eithei to mesobihiubmogen oi a devtioiotatoiy 
deiivative theieof 

These lesults stiongly suppoit the bebef that the uiobihnogens of the 
feces, bile, and mine aie wholly enteiogeiious In leceiit yeais Baumgaitel 
and co-woikeis have desciibed evidence suggesting that, of the two uro 
bilinogens, mesobiliiubinogen is hepatogenous, only steieobilinogen being en 
teiogenous The piesent studj’- leveals, howevei, that auieomyein maikedly 
depi esses the total uiobilinogen foimation and that undei its influence uio 
bihnogen completely disappeais fiom the bile These findings ai e incompatible 
with the hepatogenous concept unless one iveie to assume that auieomyein 
inteifeies with livei function, foi which theie is no endence 


88 PAROXYSJliVL ilYOHEMOGLOBINURIA AVITH FATAL RENAL 

TUBULAR INJURY 

Frances E Sciiaar, MD, J AY L.vBree, M D , and D F Gleason, MD 

AIiNNE VPOLIS, AIinn 


(Introduced by C J AYatson, M D ) 

A fatal case of paio\ysnial myohemoglobmuiia m a 23-yeai-old man is 
pi esented 

The histoiy was suggestive of a familial occuiieiice Fifteen cases ave 
been desciibed in the liteiatuie, m thiee of which there ivas a histoiy 
familial incidence 

Death was due to lenal insufficiency and pulmonaiy edema 
hemoglobinuiia, which had been obseived foi the fiist three days ot ° 
tion, disappeaied sin days befoie death Myohemoglobinemia was ca 
looked foi but nevei demonstrated , , ^ -i 

In the piesent case, the myohemoglobin in the mine was iden ^ , 

distinguished fiom oidmaiy hemoglobin by viitue of its spectral ® 
curve Pieliminaiy study of poiphyiin metabolism levealed a mo 
Cl ease in fecal copiopoiphyim, 60 pei cent of which was type 111 , 

Significant histologic changes weie found in the m 

kidneys The iiiemia and subsequent death weie the lesult o , , 
juiy, as indicated by the demonstiation of hydiopic mu not 

imal convoluted tubules Although pigment casts weie gg bas 

appear to be sufficient in number to have been the cause ot t le concept 
been suggested by otheis The finding of these casts ngd renal 

that the precipitation of pigment is more likely the result o 
funetion i athei than the cause of it 
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89 THE CLTNICAE jlND EjUBOBATOKI EFFECTS OP HAPOTONIC 

INfRAVENOLS INI'LlSIO^S 

John A Ewne MD PR fjcutM-u II D John & Gilson, HD 
(By Invitation) , ind Hiu-iwi W IIlkst MD (By Invitation) 

&RHT Tails Mont 

We hive found hypotomc solutions gncu l>\ icni effective lu furnishing 
water uheiieiei the ciistoiuaiv 'iiiioiiuts of sodmui chloiide and dcxtiose pies 
cut m standard isotonio solutions niti nndisn ihh ni nnnecessaiy The use 
of hypotonic solutions has m oiii e\p<ii(im Ikui attended with good dm 
leal results and has pemutted a inoic ivut in uiitenance of iiatei and elec 
tiolyte balance Hypotoine solutions ol de\tiose mil oi sodium cliloi ide weie 
firet used m eoiieeting distuibaneis ol tin i\tia<elliilai fluid (pattern dis 
turbanees volume losses and plain nafei dcfifitsl m diabetes Tuither ev 
perieiice has shown that these solutions an Ofjnallv valuable in the more 
sciious.!} ill patients who have a lai„e aiitiKiUiit plain watei deficit oi who 
have a continuing escessive demand foi plain wafii Foi the most part we 
emplojed solutions of one half isotomc sti i ii,.tli ind thi thiee most connnonlT 
used solutions had the follow nv composition ill J~> Om of dextrose pei 
liter of distilled water (2) 4 5 Gm of sodium tliloiidc pci litci (3) 12 5 Gm 
of dextiose and 2 25 Gni of sodium ehloiide pi i htii 

Thus far oiu cUuieal experience tmtiiaces moio thin fifty patients who 
have leceived hypotonic solutions in amounts v n v ing fi om 1 000 to 6 000 o c 
in twenty font houis ovei penods ot fimn onctotwintv twodavs 

Immediate ohscivations on tin blood weie mult in twenty thiee patients 
aftei 1000 oc of a hypotonic solution had hicn given twelve patients re 
ecived 2 5 pei cent dexti oso and elcv tn i ccciv ed 0 4o pti cent sodium chloride 
The infusion was completed in penods of time varying fiom thirty to ninety 
minutes Determinations of the plasma hemoglobin total plasma protein 
plasma specific gravity hematocut peiccntage the numbei of erythrocytes, 
and the hemoglobin weie made befoic the mtiayenous infusion was started 
immediately after it was finished and one hour after it was finished As in 
earhei studies made aftci the prolonged use of large amounts of these solu 
tions, but on blood drawn font to twelve houis after the last intravenous in 
fusion had been given none of these immediate deteiminations showed any 
evidence of haimful degrees of dilution A tiansient slight fall in their 
values shown in most of the deteiminations made immediately at the end of 
the mtravenoiLS infusion was followed m the raajouty by a tendency to rise 
toward the original lev els at the end of one honi The blood show ed no plasma 
hemoglobin except in two patients in the one in whom the experiment was 
repeated with the same intiavenous solution no plasma hemoglobin was found 

90 STELLATE BLOCK IN THE MANAGEMENT OT NAECOLEPST 

AND CATiUPLEX\ 

Robert W Schneider, M D and W Hues Gvrdnfr MD (Bx Invttvtion) 
Clevflvnd Ohio 

The effect on naicolepsy of the injection of procauie into the cervical 
Nmpathetic chains in foni patients with naicolepsy and cataplexy one patient 
With narcolepsy and one patient with hy peisoiniiolence forms the basis of this 
leport Because of obseivations on alteiations of ceiehial function by tempo 
rary interiuption of sympathetic impulses to the biain it was decided to ob 
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ser\e the effect in naicolepsy Associated symptoms and signs in these six 
subjects have been leviewed, and an attempt has been made to con elate these 
with the lesponse to stellate bloclcs Othei common causes foi excessive 
diowsmess weie excluded by a numbei of laboiatoiy pioceduies An at 
tempt was made to con elate the lesponse of symptoms to stellate hloelcs and 
to the admmistiation of Benzediine and closely alhed diugs 

The uiinaiy excietion of gonadotiophic hoimone (FSH) piioi to and 
following stellate blocks was studied whenevei possible An electioenceplialo 
giam tiacing in one subject discloses a veiy abnoinial deep sleep pattern prioi 
to stellate block Eepetition of the electioencephalogiam in this same sub 
ject aftei stellate block injection shows a distinct difteience, with a tendency 
towai d a more noi mal pattei n 

In geneial, patients with naicolepsy and cataplexy have then symptoms 
conti oiled foi a peiiod of time following stellate block injection, but the effect 
IS moie favoiable upon the naicolepsy than upon the cataplexy No change 
in uiinaiy gonadotiophm excietion was seen to follow the piocedine 


91 A SYNDROhlE OP HYPERTENSION, OBESITY, JIENSTRUAL 
IRREGULARITIES, AND EVIDENCE OP ADRENATj 
CORTICAL in^PERPUNCTION 

Henrx a Schroeder, M D , Dean F Davies, kl D , Pn D (B\ Inmtation), 
AND Helen E Clark, Al D (By iNiniATioN), St Louis, AIo 

Twenty-foui women sufteimg fiom aiteiial hyiiei tension weie found to 
possess eeitain common clinical and laboiatoiy findings which suggested that 
they belonged to a pieviously undesciibed symptom-complex These weie 
(1) relatively sudden onset of obesity oecuiiing at menaiche, menopause, aitei 
multiple piegnancies oi gynecologic opeiation, (2) obesity of the centra 
type,” with pale stiiae on thighs and sometimes on uppei aims, (3) menstrua 
iiiegulaiities, (4) good oi excellent theiapeutic lesponse of blood piessiue 
levels to diets low in salt, with leveisals when the intake of salt was laise , 
(5) abnoimally low concentiations of sodium and chloiide in sweat fee 
ondaiy and less common signs and symptoms included an aveision to sa y 
foods and high fluid intakes, unexplained peiiods of oliguiia, inconstant g y 
suiia 01 a diabetic type of glucose toleiance ciiive which was accompan 
usually by ineieased sensitivity of the blood siigai levels to intiavenous y 
jeeted insulin, plasma chloiide levels above oi at uppei limits ot ’ 
hiisutism, a tendency to easy biuismg and ecchynioses, a i elatively benign y 
of hypei tension with little alburainuiia oi othei signs of lenal damag , 
sensitivity of the blood piessuie to injected desoxycoiticosteione acei 
glucoside In no instance weie the caidinal manifestations of 
diome piesent Because these symptoms, signs, and findings weie se 
in othei tyiies of hypei tension and because concentiations ot , j.gjjsiye 
in sweat weie iioimal in most subjects, including obese gtjg en 

women, it is believed that these patients lepiesent a sepaiate pa Oo 
hty The evidence is stiongly suggestive that ceitain fimctions o . ^ of 

cortex aie specifically disturbed in these patients, but not m o i 
hypertension oi obesity 
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92 A LONGTERII El ALUATION OP HIE T HEHAP y OE 
PERNICIOUb AVEin V 11 ITE I <)I IP ICID 

Ste\e\ 0 'ScHW VHTZ IID SiieiuivnR Ic\ch\ HI) (B\ Iwitveion), 

IND BeBTIIE AnAISTRONC JI D (Bi IWtTlTION) CniC \(»0 IlL 

Polio acid (pteiovlghit umo acid) was lutioduced in 1945 as i specific 
therapeutic agent foi liier e\tract piinciple ’ defieieiicj diseases Numerous 
shoitteiiii obseintions quickly coiifiiiiied its lalue Because the iiatiual his 
tory of peinicioiis anemia is chaiactciired ba e\actibatious and i emissions it 
ivas felt that loii^ teim studies neie iieecssau in oidei to eiitically eaaluate 
am new therapeutic agent 

Early in 1946 ninety eight patients nith peiiiiciotis anemia yyeie selected for 
such a study fioni the Out patient Anemia Clime of the Cook f oiinty Hospital 
Then couise liyei e\tract lequiiemcnts ncuiologieal status andothei chaiaetei 
istics yyeie yyell established the patients Invin^, been foiloued by the same 
group of obseryeis anel maintained in nmissmu yiith Incr eatract foi peiiods 
ranging fiom montlis to ycais Folie acid « is admimstered oially in a daily 
dose of 5 milligiams The patients ueic soon at foiu week intervals for iiitei 
views and neuiological and hematologic e\aminafioiis 

The piesciit lepoit siimmauzcs the obsomtioii made dming the three 
and a hall yeais the study has been in pi ogress Theie have been thirty one 
neuiological and thnty hematologic i elapses with eight patients showing a 
combination of both In tliiee patients the folie acid was discontinued he 
cause of persistent weight loss and/oi soreness of the mouth Twenty mne 
patients discontinued then theiapy foi icasoiis beyond oui control Most of 
these patients disappeaied fiom ohsenation many hoi'eyer only aftei in 
sisting that they felt bettoi whih on paientcial Inei therapy uhich they 
wished resumed Of the miiety eight patients only thirteen have been able to 
remain on oontiniious oial folie acid therapy and maintain themselves in re 
mission 

Without eNceptioii evciv hematolo^ie lelapsc was quickly leveiscd with 
a change to paieuteial liver theiapy In fouitecn patients with iicurologicai 
'elapse however the changes hni nut been leversible in spite of mtensiyc 
therapy with livei evtiact foi si\ months oi mote Bone maiiow aspiia 
tions were pcifoimed ni five patunfs at the time of lelapse ‘Megaloblastic 
changes were deraousti able in all instances 

The original plan envisioned an attempt to increase the dose of folic acid 
■n those patients who showed evidences ot i elapse but the impression (gained 
from the euirciit reports of the time) that laigei doses of folic acid preeipi 
fated neuiological i elapses fastei than small doses detcired us 


93 HEAIOPOIETIC CHANGES DURING CHI.OROMYCETIN 
ADinNISTRaVTION 

ItaloP Volinu MD Steven 0 Sckwvbtz JID Ikving Greenspvn MD 
(BvIsviTiTioNj.LEEEiiKuci! JID (By iNyiTVTiOH) JyviEsA Gons'eb MD 
(By iNyuTiTioN) and OsevB Pelsenfeld JI D (By iNyaavTiON) 
CHicyro IiL 

loNie iiiamfestatious of oiai admmisti ition of chloiomycetin Iiaye not 
"ceil repoited Recently we hay e observed thice patients m wliom hematologic 
chnormalities were encounteied dining chloromy eetni therapy 
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Two patients with typhoid tevei and one ivith acute biucellosis weie 
tieated with oial chloiomj cetin loi peiiods langing fiom nine to nineteen 
days The total dose of chloiomycetin langed fioni 30 to 60 Gm and i\as 
given 111 a iinifoim dose of 0 Gm pei day (0 5 Gra eveiy foui houis) 

A significant fall in the white blood cell count, attiibutable to the dimmii 
lion in the numbei of gi aniilocytes, could be deinonstiated as eaily as thesLxth 
day of theiapy 'Wliite cell counts as low as 3,000 and absolute neutiophil 
counts of 264 weie obseived No significant changes in the total numbei of 
lymphocj tes weie denionstiated A slight diop was seen m the led cell count 
and the hemoglobin In one instance this di op was ont of piopoition to a fall 
asciibable to the undei lying infection 

The mallow was studied in all patients In the fiist, a maiked gian 
ulopenia and left shift in eivtlnopoiesis weie piesent on the eleventh day of 
theiapy In the second patient the maiiow ivas studied thiee and thiiteen 
davs aftei the discontinuance of the chloiomycetin On the thud dav a leit 
shift in gianulopoicsis as well as eiythiopoiesis vas seen, with an inciease m 
eosmophils By the thii teenth day the left shift had disappeaied in both senes 
and evidences of maiked legeneiation accompanied by an extiaoidinaiy 
eosinoplulia weie seen In the thud patient, the maiiow was studied at the 
beginning of theiapy and levealed the ehanges expected i\ith infection 
Elexen days latci (two d.iys aftei discontinuance of theiapy) giainilopoiesis 
had maikedly diminished and a left shift had occiiiied in eiythropoiesis 
Upon the diseontmuance of the chloiomycetin tlieie was an immediate 
spontaneous leveisal of the downwaid tieiul in the blood values 

In the thiee patients studied theie is evidence that within a few dajs 
chloiomycetin pioduees a maiiow hypoplasia moie maiked in the giauulo 
cyte senes but also involving a matuiation aiiest of eiythioid elements 
The peiipheial blood simply lefieets the moie fundamental changes in the 
maiiov In the theiapeutie doses employed in the piesent senes the maiiow 
alterations aie leveisible 

Both clinical and expenmental studies aie in piogiess to xmiify and ex 
tend these findings 


94 EXPERIMENTAL SYPHILIS IN THE RABBIT THE 
RELATIONSHIP OP METACHROMASIA TO FIBRINOID 
DEGENERATION OF COLLAGEN ANH) THE LOCALIZATION 
OP SPIROCHETES IN THE TESTIS 

Virgil Scott, M D (By Inxitation), vnd Gust lx's J Dxxijiin, MD 

St Louis, Mo 

Since the eaibest studies of expenmental syplulitic testa 

lecognized, as a ehaiactenstic featiue of the inflaminatoiy leac ^ , ^^ted nw 

ulai stioina, the deposition of a lelatix^ely acellulai, loosely ^ is degen 
tenal lesembling "Whaiton’s jelly The teim “mucous 1°^, ^ yjie ma 

elation” of the connective tissue has been applied to this c A^danee m 
tenal stains metaehi omatically and has been found in giea e 

the tumca albuginea, paitieulaily axoimd blood xmssels syphiJihc 

We have confiimed the preceding obseivations in ^ In addition, 

oichitis in the labbit using the Nichols’ stiain of T pal ^ nyaliuoiiidase 
xve have foimd that pievious incubation of the sectioned (yith thionin 

(Scheimg) abolishes the capacity foi nietachi omatic ®,“ tioma of the nor- 
and xvith toluidine blue No metachiomasia is found in ti 
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Dial teatis Focal iibunoid dcgeneiatiou of collagen lias been obserced m tiie 
ijietachiOJintic areas and the hii,hest c<i!n(itti itum nf sjjiiochctes his been 
noted 111 md around these sites 

It inaj he concluded tint tin loosclv lonstriutcd iilatii cly acellular 
aiaternl iviucii ajipeirs in large iniouiits in tiu sfioma of the siphilitie rabbit 
testis and which stains metiehioni iticilh cont nils hi duionic nul or i closely 
related snbstmcc It tioukl ippeii tint the sitis of loi ih/ation of the nieta 
cjiromaticilii staining niitenal the fihiinoid iligi nmtioii of tollagen and the 
highest coiiceiitiatioiis of spiioehetes iic iiitmiitile related spatially A 
sequential stiidj of siphilitic ordiifis m the iihhit is non in piogress to in 
lestigite the possible eiusil oi tiiitpainl lel ilionslups hctucni the inultiplici 
tion of spirochetes the dcielopinnit ol iin t ichroin isn iiid the ippeirance of 
fibrmoid dcgencrition of eollagi n 


05 CONTINUOUS PlCt llvitni I’hol’ini \\N !\ ( OROiVARY 
D/SL 

THOUSTON SfOTT MI) f I SIM los Is\ 

It seemed leasonahlo to suppose tint iii i.^nit nhidi iiould prolong eo 
aojuation time and haio i dctcruiit oftnt on lilool sludging might he of 
^iilnc in preventing thrombosis in eliionn iil. ml disease Accordingly 
twenty one patients have been ^mn Dinimiinl eonfiiiuouslv for peuods of 
three necks to three yeais Of fiuse eiohtnn bid cliiin li and clcctrocaidio 
graphio evidence of coionan tUiomhosis nith nivocnidiil infarction tivo had 
coronary soloiosis with nigiiia of ofTint and om ind eeidinl thrombosis noth 
left hemiparesis 

^ter initial stabilization piofhionibin tiinis line deteimincd vieekiy by 
'iuiek s method and Dicmnarol vns preserihei! in dailv doses snffieient to 
manifain piothiomtnn time between two and two niul i half times nottnal eon 
trol values Indiiidual lequirement varied fiom ■)() mg cveiy othei day to 
150 mg daily 

Tive patients showing marked sensituitv to Dicuni iioi and unable to take 
cs much as 10 mg daily without alarming fluefiiation in prothrombin time 
) cic given menadione bisulfite 2 nig daily These showed ineiease in tol 
crance and piothronihiii times thereaftei were moie uadily eouti oiled 

All patients weic advised of the iisks involved and instuicted in thesymp 
loms and signs of ovci dosage 

No disastrous toxic effects have been encountered Tiansient hematuria 
oecuried m three patients rectal bleeding fiom hemoii holds which had bled 
prior to therapy oecuried in one patient cutaneous cceliy moses occurred in 
three patients, epistaxis occmicd m one patient One man with pievious 
history of bleeding duodenal ulcer bled following cxtraoi dinary dictaiy in 
uisoretion although liis piothromlnn tune was intlun the desired laiige The 
hnig was discontinued and coroiiaiy thiomiiosis reemied within ten days 
"leuniarol was then tesnnied and he has been, v ell and at iioik for the past 
ten months 

There have been no deaths in the seiics Chest pain iconried in two 
patients when the dnig was discoiitimied because of toxic e/fect and ceased 
"hen Dieuniaiol was resumed jVngmal attseks liave ceased entirely in eight 
patients and have been iiiaikcdly reduced in fiequcney and severity in two 
■‘vil of the patients hav e i esumod their foimei aetn itics 

Eleetroeardiognms in five cases have slioini a stiilung levoision toward 
normal 
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It IS siiipiismg and woithy of note that all patients have followed in 
stiuetions eaiefully and have expiessed the desiie to eontimie undei tieat 
ment indefinitely in spite of the inconvenience involved 

Results seem to indicate that continuous and coiiti oiled Dicumaiol tliei 
apy is piaeticahle and may infiiienee faioiably the coiiise of disease of the 
eoionaiy aiteiies 


96 THE USE OF ORAL irERCUHYDRIN COMBINED WITH 
ASCORBIC ACID IN CiVRDIAC DECOfdPENSATION 

CarlF SnvEPER, MD (By Invitvtion), .ind Don W Chipuin, MD 

Houston, Texas 

The effect of the oial adimmstiation of a tablet contaming GO mg of an 
inoiganic nieiciiiial compound (Meicnhydiin), ecimvalent to 19 5 mg of mei 
ciiiy, and combined with 100 mg of ascoibic acid has been studied in one 
bundled patients until eongestiye lieait failuie The patients’ ages langed 
fioni 12 to 60 yeais and the congestive failuie was due to valviilai, hjpei 
tensive, oi aiteiioscleiotie heait disease Fiom one to thiee tablets weie 
administeied daily 

These tablets weic equally cfteetive as one containing 120 mg of Meicu 
hydiin alone They weie satisfactoiy in coiiti oiling iiuld congestive failuie 
111 approximately one-thiid of the patients when used as a piimaiy tieatment 
They iveie effective in eonti oiling mild to model ate congestive failuie m ap 
proximately tuo-thiids of the patients aftei maximum compensation h^l been 
obtained following injectable Meicuhjnliin They weie usually nieftective 
m contiollmg seveie failuie when used alone, but fiequently of value v hen 
used as a supplement to injections Toxicity, when it occiiiied, was mild ana 
tiansient in the laige majoiity of instances 

The studies indicated that the tablets may be used eithei alone oi as a 
supplement to pai entei al thei apy to assist in the conti ol of congestive iieai 
failure 


97 SMALL BOWEL CHANGES IN AJIEBIASIS 

W H Shlaes, MD (By Invitvtion), F Steigmann, M D , and 
Ernv Leivin-Arendt, M D (By Iniutation), Chicago, III 

of 

Following an attack of amebiasis, many patients manifest a 
abdominal symptoms which, though nondesciipt and not too . lAjc e\ 

make them gasti ointestinal pioblems The fiequent finding on 
amination of the stool of epithelial eells oiigmating fiom the sma . ^j^g^ 
gested the lattei as the possible site of “lesions” leading to made 

symptoms Hence, all patients ivith cliiomc amebiasis had 
of both the small and the laige bowel for possible pathologic cna g gg^en 
Of sixty patients with chionic amebiasis thus examine ’ g^g^^giminal 
showed changes fiom the noimal in the small bowel, paiticuiai y ^ 
ileum These changes aie not seen as a lule in iilceiative co i > > 

vaiious nutiitional defieieneies noted 

Spasm and edema of the teiminal ileum aie the ^?l^^^?®?/p°+gimmal ileum 
Moie chaiaeteiistic, howevei, aie the edematous , as the colon 

which sometimes made the teiminal ileum appeal almost as 
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The nonspecific changes of segmentation and pooling as seen in sprue or 
the ulcerated imohenient of the tcimmal ilciim as seen in iilceiative colitis 
were not ohseiTcd m these patients The motiUti of the small howel appealed 
tmdisturbed 

The patients deraonstiating the dcsciilml dianges in the teumnal ileum 
Here m geneial inoie difficult to manage cIhik ilii tspeeialij with regard to 
control of the ci amping ahdoimnal pain 


98 PHYSIOLOGIC VND PBLVIiSIACOLOGIf STl DILs IN A CASE 
OF PHEOCHKOlIOf \IOM 1 

Siiipmo JXD (Ba InmtitionI IIikpisonAI Baker MD 
(Bi Invitation) Murma S Hoffmin JID (Ba Invititiov) 
iND Eugent: B Pepris M D f isnw in Ohio 

A ease of pheochi oniocj tonia siil sequent h pioicd at operation and at 
autopsy, allowed us the oppoitunita to compaie ui a single patient the phjsi 
ologic and pharmacologic speeifieitv of a uumhei of suggested diagnostic 
procedures The patient a uoman mth piisistent in iiei tension foi appioK 
imately one jcai preceded by at least thiei leais ot paiowsmal In pertension 
hada blood pressure which tanged fiom 215 14fllo2)0 155 ram Hg 

Benzodio\aiio (OSSP) produced an immediate fall in pressuie to normo 
tensu e levels Dibenamine produced a smnlai I ill w hieh was slower m onset 
and persisted loiigoi Tetiaethilannnoinum (hloiidc (TE-VC) pioduoed a 
sharp nse in pressuie with failiiio to letnin to initnl levels foi some time 
this nse was shown to he abolished hv honzodioNaiic Diminished sensitivity 
tothepiessor actnitj of mtiaieimus adienalin w is demoiistiatcd Histamine 
and meoholjl each caused a fait in piessim the use uported to be oharac 
tenstic of phcoohromocytoina being absent 

The results bear out the spccificiti of benzodiosaiie and Dibenamtne in 
couiiteiactmg the pressoi actiiiti of circiilating cpmephrine Response to 
henzodioxanc seems nioie specific howeiei because no depressor effects have 
been encountered in a senes of control hvpei tensile subtects iiheieas such 
reactions do oeciu inth Dibeinmme Dnmnishid sensitivity to esogenons 
adrenalin would also appeu to have specific memiiij. m that toleiance to the 
effect of this diug appears to develop when it is piesent m the eiiculation in 
large amounts The pi cssoi i isponse to 1 EAC would appeal humoral in na 
tee, specifically adieneigic in this mstanee since it w is abolished bj benzo 
diosane The lack of a pressoi lespouse in this ease to cither histamine or 
meoholjl suggests that these tests ai e not specific for diagnosis 

The residts suggest the speeifieitv of bciizodioxane m the diagnosis of 
Pheochromoeytoma when the presswic is elevated and the desuability of 
evaluating the meehamsins of picssoi icsponses to histamine lEAC or other 
^timuh bj admmisti atioii of benzodioxane 

59 heart block FOLLOWING WEDULL \RY" PERFUSION YVITH 
BACTERIAL TOXINS 

John A Siikkdv JID {B\ Invjtvhon) vkdN C Gilbeut SID 
Chicvgo III 

, The role of bacteiial and viial agents in the pioduction of heart block 
bas been kiiowai for mauj j ears Of partieulai mtei est has been the occur 
reneo of biadycardia and heart block following acute bacterial mfections es 
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peeially in the case of dinhtliPiia 

age pei se oi inci eased vagStone oi a cSln°,^ myocaidial dam- 

lemamed to conjecture with the ^ has 

cardiac damage No adequaLlv ^^PPoit S 

far been presented to note the^fPec/nf^?! expeiunental evidence has thus 
genesis of heart block increased vagal tone nr the patho 

namely C dSS7t(Fc^ma‘iSl^ 7f^ employed in this study 
and Cl hotuhnum These t?x ns m i d I, Cl tetani. Cl welchi, 

was connected with the Sdy orthe nmmnf L 
Heartblock was proZc^^d w/th a nP ll / ^ 

G diphtheiiae, Cl welclm and f'Z 

These results suggost by atiopine 

ins were not affected by atiomim nn i niechanism The remaining to\- 
known ^ P « d tlie meehamsm foi then action is uii 


100 THE 7’AKilTA-ARA REACTION IN THE DIFFERENTIAL 
DIAGNOSIS OF JAUNDICE 

B ShulaiaxN.MD (BYWATroN).P Steigiuann,MD,H Popper, MD, 
AND E Stevens, M D (By Invitation), Chicago, III 

seemed ^f^dmannc^+i^ patients the Takata-Aia leaction (TAR) 

made to le evalmt in certain types of jaundice, hence, an attempt was 
the basis if'Sninf « differential diagnostic significance of the TAR on 
tZ ta^ T of hepatobihaiy diseases 

eenhalm-phnlootlf^i^n^^^^^®*’^ cases and compaied with the results of 

tests Tbp nPTPpn?^ flocculation, thymol tuibidity, and zinc sulfate tuibidity 
disease wpi p positiye TAR’s in the difi;eieiit tyjies of hepatobihary 

35 5 nostiippfnr^^^/^^''^ Laennec's nonfatty cirrhosis, 87 8, fatty cuihosis, 
10 7* linmnir, (nonalcoliolic) eiiihosis, 100, infectious viial hepatitis, 
stiiiPtitr.n hepatitis (HSH), 68 0, toxic hepatitis, 27 6, ob 

plete, malignantr^o”o^°™^^^^*^’ obstiuctive jaundice (com 

niay theiefoie assist not only iii differ eiitiatiug a cuihosis ivith 
TAT? 1 C acute hepatitis but also from an infectious hepatitis The 

Tini’TTi'ii T AT ? degiee of icteius, and the high incidence of ah 
seyeiity of the latt theiefoie not an expiession of the well-known gieatei 

^0 parallelism was found between the TAR and the cephalin 
+1 thymol tuibidity tests A moderate paiallebsm existed be 

h + 1 ^ 1 + ^ sulfate tuibidity, except in infectious hepatitis 

wneie tile latter is moderately elevated and the TAR is negative, in toxic 
hepatitis this exception is less umiked 

A discrepancy between the TAR and the zinc sulfate turbidity is also ap 
parent during the recovery phase of hepatitis when the zmc sulfate turbidity 
mci eases while the TAR (if positive) becomes negative While, in lecoveimg 
hepatitis, a use in the zinc sulfate tuibidity and a fall ni the eephalm-floccula 
tion and thymol turbidity occurs, a use m the TAR in addition (or the 
maintenance of a positive TAR) speaks foi the transition fiom hepatitis to 
cirrhosis Similarly, the appearance of positive TAR nr a fatty cuihosis seems 
to indicate progression to a Laennec’s nonfatty cirrhosis 

The TAR may indicate certain phenoniena not demonstiable by the othei 
flocculation tests 
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101 A STUD\ OF THE MOVEMENTS AND SOUNDS OF HEAET 
VALVES OP VARIOUS LABORATORY ANIMALS (A MOTION 
PICTURE AND SOUND RECORDING) 

Harry L Smith, MD HirimE Essen, PhD (By iNViTmoN), uro 
EdmuidJ BvLDEb, PhD (By Invitytion), Rochester, Miu-t 

The heaits of various Inboiatoiy anim-ils ueie pei fused with Ovygenatecl 
Ringei Locke solution and weie kept beating foi various lengths of time 
Rathei laigc openings Aveie made in the walls of the auricles This affoidca 
an eNcellcnt view of the entiie valves Coloied motion pietnies ueie unde of 
the e\act movements of the initial tiicuspid aoitic, and pulmonic valves A 
sound recoid an eloetrie leeord ot the sound, and an eleetrocaidiograni were 
made at the same time the motion pictnie was made These leccnds enable 
one to see the movements of the bcait valves to hear the sounds they pioduce, 
to seo an electric reeoid of the sounds and to see an electrocardiogram 
recoided at the same time The results of tins study furnish infoiination that 
we believe will change some of our pievnous ideas about the factoK that cause 
the mitral and tncuspid v ih es to open and close 


102 CARDIODIKAJaC AND RENAL CHitNGES IN SPONTibNEOUS 

AND NEPHROGENIC HYPERTENSIVE DOGS IN RESPONSE 
TO TISSUE INJURY 

J Stamlee, MD 1 By Invitation) S Rodbvrd PhD (By Invitation), 

L N Katz, MD, and A P Fishman, MD (Bv Invitation) 

Chicago, 111 

Tissue injuiy paitioulaiiy abscess, pioduces a sustained fall in blood 
pressure m some spontaneous and nephrogenic bypertenaiAC dogs This study 
was undertaken to investigate the eardiodynamic and lenal alteiations ensu 
uig duimg this depressor response 

The following determinations were done befoie and aftei vaiious types 
of tissue iiijvny (1) renal plasma flow (RPF) (2) glomerular filtiation 
late (GFR ), (3) plasma volume, (4) thiocyanate space, (5) central venous 
light atiial, light ventricular and pulmonary aitery pressures, (6) blood 
piessure 

It IS concluded from the data that (1) Spontaneous and iiepbiogeinc 
hypeitensne dogs CNhibit the same hemodynamic pattern The cardiac out 
put. plasma volume, thiocyanate space, and pulmonary aiteiy piessuie ate 
ail within noimal langes Both tyjies of hypci tension aic due to an nicivasc 
in pciipheial lesistance (2) Spontaneous hypeitensne dogs all have noiiinl 
GFR and RPP In contiast some nephiogemc hypeitensne dogs have 
noimal cleaiances, others evhibit significantly reduced kidney function 
(3) A sustained blood picssuic fall can be readily elicited bv inyeetion of ab 
scessmduemg substances such as turpentine, -indicating that the dcpiessoi 
response is a nonspecific one with lespeet to piesun-ed renal hypertensive 
mechamsms (4) Accompauymg the sustained deprmoi lesponse in both 
nephiogemc and spontaiitous hypertensive dogs m a snstamed increase in 
RPP GFR docs not change significantly Ren d v ascular i esistanee, par 
tieularly effeieiit aiteriolai, is letlueed (5) The plasma volume thiocyanate 
space, venous prcssuie, and light heait picssurcs aie not afCetted by tissue 
myiny The blood piessuie fall is not due to h-ypovolemia (6) The cardiac 
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output IS inei eased duiuig the depiessoi i espouse to mjuiy The fall m blood 
piessuie IS theiefoie due to a decieased peiipheral lesistanee Appaiently 
the deciease in both renal and geneial peiipheial lesistanee is the lesultant of 
a common tiain of events elicited by injuiy Theie is no evidence for a cause 
and eftect lelationship between them The blood piessuie fall following in 
juiy cannot be attiibuted to “lelief of lenal ischemia ” 


103 CLINICAL EVALUATION OP A NEW LIPASE PREPAEATION 

i\I H Steeicher, M D , Verna PiTTARD (By Invitation), jANd Betty Woodson 

(By Invitation), Chicago, III 


Many agents aie available which have the piopeity of digesting fat, yet 
theie IS a need foi one which would be capable of hjulrolyzing a mdei vaiiety 
of lipids 

It was thought, on the basis of expeiimental evidence in animals, that 
lipase A may be helpful in individuals who display an inability to adequately 
digest all foims of food fat The new piepaiation is an enzyme, piotein m 
natuie, pioduced duiing the giowth of a eeitain type of mold (fungus) 

In this study’- lipase A was used in patients having steatoiihea Conti ol 
studies also weie made Each capsule contained 0 4 Gni of the enzymie and 
each patient was given twenty-foui capsules daily 

These uidividuals iveie placed on a calculated diet of low fat (50 ^ 

twenty-foui houis) and evaluated cluucally and chemically befoie and after 
lipase was given The chemical deteiminations weie made on the iiitiogen, on 
the total and neutial fat and fatty acids of the stool, the blood was studied as 
to content of lipase, calcium, nonpioteiii nitiogen, and total piotein, and tne 
mine was studied as to total output of nitiogen These deteiminations weie 
made befoie and aftei the fat content ivas changed in the diet 

Compaiative study was also made with the use of panel eatin in the same 
gioup of patients 

A specific example will denioustiate the efficacy of the new enzyme 
A patient with cai cinoina of the panel eas was placed on a 55 Gm a 
diet plus adequate piotein and eaibohydiate The total fat calcinated 
stool befoie lipase A was administeied was 57 0 pei cent (dry method; 
thiee capsules of lipase A weie given pei day foi a peiiod of tliiee ’ 

the total fat in the stool was i educed to 42 0 pei cent After the diet i 
Cl eased to 152 Gm fat, the stool fat was elevated to 73 0 per cent 
ministiation of twelve to twenty-foui capsules of lipase deciease 
tat 111 the stool to 53 pei cent and 40 per cent respectively , 

Clinically, the patient improved, the stools decieased iii nrim ^ 
came more solid, and the cramping in the abdomen subsided in ge > 


patient ate better and felt better 

Conclusion (1) Lipase A is helpful m steatoiihea 
of the enzyme are required for optimum results (3) 


(2) Laige quantities 
Pancreatm compares 


favor ably with i esults obtained with lipase A 
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101 ANGIOCARDIOGRAPHY 

George C Sutton, MD Geobof Wfndeli, AID, H\rb\ Grxnt, JID, v\n 
Harold A\ edpll AI D Chic vGO III 

(Introduced by Don C Sutton HD ) 

A eompiriEon is made between angiocardiogi apli j by aim lein and diiect 
catheteiization of the lieait 

Diieet intiaeardiac aiigioeaidiogiaphy is a piocedure possessing few difiS 
eulties and ot negligible risk The proeedme will give contrast nsualization 
of the heart and great vessels which is loulinelj supeiior to that obtained bj 
peripheral injection of a radio opaque material This is especially true for 
levoangiooardiogranis Simple iiievpensive equipment foi changing the films 
and low power n ray apparatus are moie piactical for use with intracardiao 
uijeetion without loss of a \eij high percentage of diagnostic films In some 
cases demanding a high concentration of contrast media and accuiate timing 
of exposures, onlj intraeardiae injection will pioducc satisfactory angio 
cardiograms 

105 DIAGSION or the POPLITEAL VEIN IN VALVULAR 
INSUFFICIENCY OP THE DEEP VHNOUS SYSTE3I 
OP THE LOAVER EXTREAIITIBS 

Gbz i de Tin ITS JID ind Gustav AV Gr-iupneb, JI D (By Invitation) 
CnictGo III 

Prom a large uuraUti of patients exhibiting v alvulai incompetence of the 
deep veins slx patients have been selected to test the possibibty that the di 
vision of the popliteal vein overcomes the bursting” type of pain on stand 
ing and decreases oi eliminates postural edema All patients have had a deep 
thrombophlebitis vntii i eeanalizatioii, subsequent edema induration, and 
uleeiation All have been under our caie for several years and were treated 
by compression bandages excision of ulcers, skin grafts or saphenous vein 
ligation in spite of which there weie recuriences Since previous experience 
with femoral vein ligations gave no appreciable help division at this site was 
done with the following results (1) alt six patients lost their “bursting” 
pain on standing (2) swelling was greatly decreased or completely abolished 
in every instance (3) patches of reenrrent lymphedema with ulceration were 
uiimflnonoed this complication rcqmrmg other foras of tlierap) This simple 
procedure iiiav eliminate the incapacitating sequelae of postplilebitio edema in 
selected cases 


106 QUiVNTITATIVL STUDIES OP TREATMENT OP ACUTE CLOSED 
CEREBRAL INJURY BY HA PERTONIC INTRAAHINOUS 
GLUCOSE OR SURGICAL DECOJIPRESSION 

C BrlceTvylor JI D , and George II Hvss, AID CiiiovGo, III 

Acute closed mtraeerebi al lesions eharactei ized bj hemorrhage, necrosis 
and progressive edema were produced in rabbits bj freezing the biaiii through 
the intact skull with an instrument cooled by expanding carbon dioxide The 
dimensions and locations of cerebral lesions w ere controlled so that they could 
be reproduced in successive animals 
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Volumes of eeiebial damage, langmg fiom 1 3 to 32 5 vol per cent of the 
biam, weie piodueed in one bundled four untieated animals In this gioup, 
the muiimum lethal quantity of damage was 9 4 vol pei cent No animal 
suivived with damage in excess of 18 0 pei cent The aveiage minimum lethal 
quantity of damage was 14 3 vol pei cent Most animals that died had a noi 
mal postopeiative period of behavioi Secondaiy lapse into stupoi was a de 
pendable indication of eventual death ivithin two houis 

Twenty-five animals with acute, closed, eeiebial lesions weie tieated with 
mtiavenous injections of hypei tonic aqueous solutions of glucose gnen con 
tmuously oi by single oi multiple infusions Intiavenous mfusions weie 
staited shoitly aftei the pioduetion of lesions This theiapy was of no bene 
fit, eithei fiom the point of view of anielioiation of symptoms oi survival 

AVhen suigical deeompiession was done wVh lemoval of bone-flaps ovei 
cerebial lesions uithin foity-five minutes aftei production (foity-seven an 
mials) 01 aftei onset of stupoi, coma, oi convulsions (eight ammals), symp 
toms weie lelieved and animals suivived with moie eeiebial damage than 
eontiol, untieated animals In these animals the minimum lethal quantity of 
eeiebial damage was 14 6 vol pei cent The maximum suivivable quantity of 
cerebial damage was 32 7 vol pei cent The aveiage mimmiim lethal quan 
tity of eeiebial damage was 219 vol pei cent which was about 50 pei cent 
gieatei than that in the untieated gioup (14 3 vol pei cent) and iii the group 
tieated with hypei tonic solutions of glucose (14 5 vol pei cent) Foiii animals 
tieated by contialateial suigieal deeompiession had no inci eased toleiance to 
eeiebial damage 

These data indicate that hypei tome solutions of glucose, given peiiochcally 
01 continuously by the inti avenous i oute, wei e of no value in the ti eatnient of 
acute, closed, eeiebial lesions ehaiacteiized by local hemoiiliage, iieciosis, 
and edema Suigieal deeompiession was of gieat benefit when done ovei 
the site of the lesion It was concluded that suigieal deeompiession of the tjT® 
used should be evaluated as a method of ti eatnient of patients with localized 
iiiti aeei ebi al neciosis, hemoiiliage, and edema due especially to vaseiilai dis 
ease 


107 FURTHER EXPERIENCE WITH BACTERIAL PYROGENS IN THE 
TREATIMENT OP MiVLIGNANT HYPERTENSION 

Robert D Tailor, M D , A C Corcoran, M D , and Irvine H Page, MD 

Cleveland, Ohio 

Of eleven patients with malignant hypei tension showing yjl 

alive ivithout fuithei tieatment and lead useful fives The rlied of 

time foi this gioup is now thiity-two months Two patients n , 
eeiebial hemoiiliage thirty-sei en and sixteen months aftei tieatni , 
has not been le-examined nr +i thieehad 

Six patients have been tieated dining the past yeai gf the 

TmpAH* values which exceeded 40 mg pei minute weelcs 

first patient was i educed fiom 175/118 to 140/84 mm Hg d^ „ipetiocaidio- 
of treatment All signs of malignant letinopathy receded, t ® 55 

gram and teleioentgenogiam became noimal, and 

to 77 mg pel minute Theie have been no fuithei signs ™ ° j^g of tieat- 

The next two patients did equally ivell foi seven and phages and 

ment Papilledema leceded fiom Giade HI to Giade n jj to Giade 
exudates eleaied completely in one and deci eased fiom 
I seventy in the othei 

•Tubular mass measuied b> para-aminohlppui ate excretion 
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These two patients objeoted to prolonged hospitalization, hence elected 
to discontinue tieatmeut One died during the second stage of Inmbodorsal 
sympathectomy , the other shows no signs of progression of the disease 

A fourth patient had a Tmpin of only 33 mg per minute He had Grade 
IV retinopathy, gross hematuria, and electrocardiographic and i. ray signs 
of hypei tensile heart disease He was tieated for two months The blood 
pressure was reduced from 204/125 to an average of 140/90 All signs of 
retinopathy and caidiae disease disappeared Maiamiim specific gravity in 
creased from 1 016 to 1 028 

Two patients having Tni (tubular mass) values of 25 and 9 mg per minute 
have done poorly One died of cerebral hemorrhage danng treatment and the 
other IS showing signs of progressive renal failure, although the eye grounds and 
blood pressure now are improved 

Renal function with TmrAn values of at least 33 mg per minute continues 
to he the best pretreatment index of satisfactory response 

The pyrogen Pyromen is given by vem in doses large enough to cause a 
daily temperature rise to 102 to 104“ P The initial dose is 0 5 c e of soln 
tion containing 50 gamma of solids per cubic centimeter Tlieieafter, the 
amount given is determined by the tcmperatuie peak of the preceding day 
The daily injections should be continued as long as the blood pressure falls 
and signs of malignant hypertension rcgicss 

VTien the blood piessure is no longer decreosmg, the frequency of injcc 
Uons may bo reduced Over a period of two to six months there is usually 
a gradual use in pressute in most of the patients and eventually hypertensive 
levels may prevail However signs of malignancy have so far not returned 
and the patients can he dealt with as having iincompUcated essential hyper 
tension 

108 PNEUMOCOCCUS TYPES MORTjVLITY, BACTEREMIA AND 
PURULENT COMPLICATIONS IN PRIMARY PNEUMOCOCCIC 
PNEUMONIA AT THE CINCINNATI GENERAL 
HOSPITAL, 193G 1949 

Robert T Thoiipson, M D , James M Rdeosegger, M D , M A Blvnkenhorn, 
M D , AND Morton Himburgeb, M D Cincinn vn Ohio 

Three thousand one hundred four cases of primary pneumocoeeie pneu 
monia in patients over 13 years of ago with specific typed pneumococei in 
sputum or blood cultures aie reported here Pneumococcus typing has been 
earned out as a means of specific diagnosis to evaluate various modes of 
therapy The data for each year are calculated from July 1 through June 30 
the following year 

The number of cases pei year decreased by gradual fluctuation from 
three hundred eighty seven in 1936 37 to one bundled twenty two in 1948-49 
Type 1 was most frequent in 1936 37, 1938 39, 193940, 194041 1942 43, 
1943 44, and 194849 Types 1 and 7 were equally frequent m 194445 Type 7 
was most frequent in 1941 42 1945 46, and 1946 47 Type 3 was most frequent 
m 1937 38, and Type 2 was most fiequcnt in 194748 

Mortality was 36 7 per cent 32 4 per cent and 28 1 per cent respectively 
for 1936 37, 1937-38, and 1938 39 when antipncumococcie serum for certain 
types was the only specific tieatmcnt However sulfapyridine came into use 
in January 1939 From July 1, 1939 through June 30, 1947, sulfonamides 
were the raamstaj of treatment For these eight years mortality ranged from 
15 3 per cent to 12 6 per cent, except that mortality was 20 2 per cent in 194041, 
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19 5 pei cent in 1943-14, and 18 6 in 1944-45 In 1945-46 and 1946 47 penicillin 
was used foi tieatinent if tlieie ivas no i espouse to snlfonamide, oi if sulfon 
amide dings weie eontiaindicated Penicillin was used exclusively foi tieat- 
nient in 1947-48 and 1948-49 Moitality was 9 7 pei cent in 1947-48, and in 
1948-49, when aqueous eiystalline penicillin in doses of 200,000 or 300,000 
units was given intianiusculaily twice on the fiist day of tieatment and once 
daily thei eaf tei , moi tality was 5 7 pei cent 

Pneumococcus baeteiemia was found in 12 9 pei cent of the cases ui 
1940-41, and in 49 5 pei cent of the cases in 1947-48 In the lemaining yeai-s 
bactei emia was found in 16 4 to 31 8 pei cent of the cases 

Empyema, meningitis, endocai ditis, lung abscess, oi pyaithiosis occuiied 
m 13 2 pel cent of the cases in 1937-38, and in 3 8 pei cent of the eases in 1940 
41 In the lemaining yeais these eompheations occiiried in 4 6 to 10 7 pei cent 
of the eases 

Apparently penicillin theiapy has i educed moitahty, and the unchanged 
fiequency of baeteiemia and puiiilent complications lesults fiom the onset 
of these manifestations befoie the stait of tieatment 


109 CONTROL COjMPARISON OP NU-2206 ( 3-IIYDROXY-N-METIIYIj 
aiORPinNAN IIYDROBROmDE) WITH JIORPHINE SULFATE 
FOR RELIEF OP POSTOPERATIVE PAIN 

R T Tidrick, MD,L L Eager, MD (By Iniutation), D W Eastwood, MD 
(By Invitation) , D S Wilkins, hi D (By Intit\tion), and 
R S Jaggvrd, B a (By Invitation), low v City, Ioww 

In an eailiei investigation of the analgesic piopeities of NU-2206 (3hv 
dioxy-N-methyhnoiphman hydrobiomide) the effect of this agent 
thieshold in noimal volunteei student subjects was detei mined Theie lol 
lowed a clinical tiial to detei mine its effect m a vaiiety of patient categoiies 
It was found to have desiiable analgesic piopeities ivith an appaieiitly nioie 
piolonged effect than that of moiphme sulfate in eqiuvalent dosage 
It was found that the dosage lange was fiom 3 to 6 mg as compaied ivit 
to 15 mg of moiphine The side effects did not appeal to be seveie oi le 
quent A bmited study was made on a small numbei of patients who na 
ceived the diug ovei a piolonged period of time, and no wathdiawal syn p 
toms weie obseived , i 

Its piolonged analgesic effect appealed beneficial in those patien s 
requiied piotiacted lehef and in whom fiequent mjections wnth shoitei- o 
analgesics weie iindesiiable Conti oiled study then was undei taken on 
patients undei going suigical pioeeduies on the Geneial Suigieat ai 
logical sei vices Those undei the age of five yeais oi m jntia 

be outside the pieseleeted dosage range iveie excluded Patiente 
ciamal suigical pioeeduies also weie omitted Thej’’ weie ,Vg amount 

opeiation categoiies so that subsequent statistical evaluation as to 
of pain associated with vaiious types of opeiatwe pioeeduies cou ^^2206 
paied In each opeiation categoiy alternate patients weie 
01 moiphine sulfate The medications weie so dispensed as 

identification except by code lettei , nr Vi c c 

foi each patient oi- yi 



foi each patient 

10 mg of moiphme siinaxe me aiugs were than eveiy 

to be given as leqiiiied foi the lelief of pain not moie nomphcations 

thiee hoiiis A special foim was piovided listing eom 
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oidinarily seen in coujunetiou with the use of analgesic dings The nurses 
observations weie eheched closely b> the same member of the staff each da> 

It appeals, aftei studying 40S patients by this method that analgesic 
dings are not needed in slight!} more than one third of the instances A dif- 
feience m duration of action ot Ntl 2206 and moiphine sulfate was not deni 
oiistratcd Nil 2206 is as effects e an analgesic agent as moiphine with no 
demonstrable increase in side actions 


110 SPONTANEOUS BUPTDBE OF THE HEABT FOLLOWING ACUTE 

JIYOCAEDIAL INFARCTION 

George C TuRNnenn JID indDavidA Howell, MD (By Invitvwon) 

E\ VNSTON III 

Cardiac lupture occuiied in eight patients (7 2 per cent) of a series of 

111 instances of acute ni}oeardial infarction in patients who had been ob 
solved in the Bianston Hospital and came to autops} during the past siy 
years 

The eight patients wei e all of the w hite race Then ages ranged from 51 
to 86 years averaging 68 and the} were ciiually divided in sev Half of the 
group denied piior angina thicc had expcneiieed pains fioni one to foni 
months and one who died within two days after onset of illness gave no his 
tor} of anginal pain oi hypertension and bad considered lieiself in evcellent 
health However theie was evidence of old infarction m four of these pa 
ticnts 

Hypei tension ]ieisisted after the onset of clinical in}ooaidinl infarction an 
all hut one of these patients and he belonged in the group of foui who gave 
no piior history of hvpertensiv c disease 

Death oceuried rapidly after the oeenrrencc of the niptme as evidenced 
by the condition of the pciicardml sac and lacerated tissues Pour patients 
showed ante mortem clotting of the blood iii the peiicaidial sac and one had 
organization of the clot, but the remaining three revealed only bright un 
clotted blood 

Clinical obseivation indicated that three evpired immediately after the 
iiiptuie, four within a day and onlj one survived siAt} houis All eight 
deaths oceuried within two to eleven davs average 5 8 after the chnival on 
let of acute myocaidial infaietion The mptuie oceuried in the loft ventricle 
111 seven of the patients, four posteiiorl} and thiee anteriorly while the re 
niaimiig one niptuicd thiongh the light ventricle and septum it the apex 

Positive electi ocnrdiogi aphic evidence of acute m}ocardial infarction 
was piesent in all of the niptiue group except one patient on whom such 
an examination was not possible because she expired within a half hour aftei 
admission to the hospital The ebracal diagnosis of inpture was made in six of 
the patients prior to autopsy 

Rupture of the heart occuiied in four of these patients during defecation 

The leucocyte counts and blood sedimentation rates were consistently 
above normal levels in both the niptmc and nonuiptuie groups but there was 
no significant difference 
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111 CLINICAL AND LABORATORY OBSERVATIONS IN FATTY 
INFILTRATION OF THE LIVER 

Herman Ulewtch, M D (By Invitation) , Leon Schiff, M D , 
Jerome R Berman, M D (By Invitation), Daniel F Richfield, MD 
(By Invitation), Ferdinand G Weisbrod, MD (By Invitation), 

AND Edward A Gall, MD (By Invitation), Cincinnati, Ohio 

Fifteen patients with puie fatty iniiltiation of the livei clemonstiated by 
needle biopsy^' wei e selected f oi study 

Thai teen of the fifteen patients weie admitted to the medical seivice foi 
vaiious causes among which weie hematemesis, pellagia, chiomc cholangitis, 
diabetes mellitus, chionie panel eatitis, xanthomatosis, congestive heart fail 
lire, myocaidial infarction, malnutiition, and gastiitis Two patients ivitb 
mycosis fungoides and discoid lypus eiythematosis lespectively weie studied 
on the deimatologic service 

The ages of the patients ranged from 29 to 85 years Nine of the patients 
were women A definite lustoiy of alcoholism was present m six The diet was 
adequate in only six patients An antecedent history of jaimdice was obtained in 
two patients, both of whom had had pievioiis cholecystectomies JLld diabetes 
mellitus was piesent m two, while obesity was piesent in six patients A histoiy 
of weight loss of 10 pounds oi more was obtained in ten of the subjects Nausea 
and vomiting oeeuiied in six, while anorexia was piominent in ten 

Hepatomegaly (ranging fiom one to five fingeibieadths) was observed in 
ten of the fifteen patients, ivhile splenomegaly was piesent in only one in 
stance Edema of the lower exti emities was encountei ed thi ee times Glossi 
tis and evidences of peiipheial neuiitis weie found m two patients 

Laboiatory studies showed an elevation of the thymol tiiibidity m five o 
fourteen cases and a 3 to 4 plus cephalm cholesteiol flocculation test in seven 
of fourteen cases Serum bilirubin was elevated m two patients isioni 
sulfalein letention was demonstiated in seven of four teen patients Die pro 
thrombin time was not significantly piolonged in any instance Anemia wa 
piesent ui six subjects and was maciocytic in two 

It may be concluded that fatty uifiltiation of the Inmi occurs in a 
of conditions and piesents vaiiable clinical and laboiatoiy findings, an 
quii es needle biopsy f oi its diagnosis 


112 CHANGES IN TOLERANCE FOR GLUCOSE AND IN THE 
MORPHOLOGY OF PANCREATIC ISLET CELLS INDUCED 
BY INTRAVENOUS GLUCOSE IN DOGS 


ICeats K Vining, Jr , M D , Evanston, III 
(Introduced by Henry R Jacobs, M D ) 

The possibility that damage to the islets of non 

by the continuance over long peiiods of time of glucose ^ pre- 

hypeiglycemic amounts was the object of the present study a blood 

vious mvesti gators have shown that theie is a response on t ® P gj^jated that 
sugar regulatmg mechanisms to administered glucose it ^ ’^vould elicit 
continuous admimsti ation even in nonhypeiglycemie s.nio chance 

such a 1 espouse in such a way that these mechanisms wo 
to “lest” and would become exhausted 
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Glucose was administered to female dogs by contimioua intravenous in 
fusion, and the blood sugar changes followed The pancreas was examined 
mioroscopioally at the end of each experiment Short term infusions %vith 
hyperglycemic rates of glucose input have shoivn that such contmuous m 
fusions of glucose will cause an increase in the tolerance for glucose as evi 
deuced by the maikodly lower Mood sugar seen at the end of such an infusion 
as compaied with the blood sugar seen shoitly after the infusion is started 
Long term infusions (as long as forty eight days) of amounts well below the 
hyperglycemic glucose input ueie shown to cause pancreatic islet cell damage 
with beta cell degranulation congestion, and hydropic degeneration, and re 
suited in a much poorer glucose toleraneo as evidenced by much higher blood 
sugar levels in the hyperglycenuc range at the end of a long term infusion 
than were caused by the same amount of glucose m the early part of a given 
uifusion 

The results of this investigation would seem to indicate that the tolerance 
for glucose can indeed be mereased and that such an increased tolerance 
stimulated by eontinuons intratenous glucose infusion will result in damage 
to the islet cells of the pancreas and eventual loss of glucose tolerance, prob 
ably due to exhaustion of the insubn pioducing cells in the islets of Langei 
bans This same microscopic picture has been reported before as tie result 
of hyperglj cemia maintained oi er long periods of time by both anterior pitu 
itary extiaot injections and again by injected glucose It would seem from 
the results of tins investigation that the damage and loss of tolerance for glu 
cose IS due not to the hyperglycemia but to the contuiued stimulation of the 
blood sugar regulating meohanisms 


113 THE TBEATIIENT OF UREMA BY DIALYSIS ACROSS THE 
INTESTINAL JIUCOSA 

IUuriceH Wild, MD indRobebtA Reid MD Evinston Iu, 

(Intboducfd by N G Gilbekt M D ixd Georoe 0 Tuknuudd SI D ) 

The effects of dialysis across the intestinal mucosa by lavage aie studied 
in tivo eases of chrome teiminal uremia The first is one of congenital poly 
cystic kidney studied for two months The other is a ease of advanced 
nephrosclerosis ui a woman whose right kidnej had been removed surgically 
years ago studied foi one month The irrigating solution is lactate Ringer’s 
with added dextrose 5 to 10 pel cent Levels of mtiogenous products in the 
dialysate from small bowel migation are equal to blood levels and the ab 
straction rate is inversely proportional to the rate of flow A largo inflow 
(priming) is reqnued in intestinal dialysis before outflow effectively equals 
mflow Irngation of the lower ileum and colon is equally efficient and allows 
for control of edema Alteiation of nngating solution concentration of glu 
cose controls edema duimg migation Glucose is absorbed during dialysis 
necessitating concentrations up to 10 per cent in the irngating fluid to mam 
tam isotonieity Sodium chloride m 0 6 pel cent concentration is absorbed at 
all levels of the intestine but sodium chloride deficient solutions will abstract 
as much as 0 5 Gm per liter In view of this an irrigating solution contain 
mg 0 45 per cent sodium chloride would seem more suitable feoehum lactate 
in the dialyzing fluid in combating acidosis hcmoooneentration or dilation 
during dialysis did not influence blood nitrogen levels By fastening a small 
bored tube four feet from the tip of a ILUer Abbott tube, inflow of dialyz 
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mg fluid occiiis thiougli the loimei, and outflow thioiigh the lattei, winch can 
be allowed to lemam at the ileocecal level This was shown to cause uo ii 
utation although in place foi one month Blood nonpiotem mtiogeii uses 
lapidly in the iiieniic individual following intiavenous admmistiatiou of pio 
tein hydiolysate 

114 A QUANTITATIVE STUDY OP THE SOLUBILITY 
OP BUhlAN HEMOSIDERIN 

George E "Wantz, M D (By Inhutation), jVnd George j\I Hass, M D , 

Chicvgo, III 

Pievioiis studies of hemosideiin, isolated by diastic chemical methods, 
have indicated that the piodiict is a foini of feme hydiovide The pieseiit 
studies weie an attempt to deflne the iiiopeities of hemosideim by less diastic 
methods and to compaie the piopeities of intiaeelhilai hemosideim with those 
of chemically isolated hemosideim and synthetic feme hydi oxide 

Hepatic tissue of patients with liemoehi omatosis and hemolytic hemo 
sideiosis, secondaiy to multiple ti ansfusions, was used Piozeii sections of 
flesh tissue weie diied in vacuo foi qualitative micioscopic studies Fiozeii 
pulveiized fiesh tissue was diied in vacuo foi use m quantitative studies of 
solubiUty of hemosideim Sections foi micioscopic study and small amoimts 
of powdeied tissue weie exposed to the action of biiffei solutions of diffeient 
ionic composition (pH 12 to 11, ionic stiength, 0 25 and 0 50) 
hydi oxide and hemosideim isolated fiom hepatic tissue by the usual alkaline 
methods weie exposed to similai solutions Solubihty was detei mined qiianti 
tatnely by analyses of non in supernatant solution and ui the iindissolvec 
1 esidiie 

The data indicated that chemically isolated hemosideiin and 
livdioxide had similai solubility piopeities Hemosideim in the . 

of 1 etieiiloendothelial cells had solubility piopeities similai to but not id^ ‘ 
with those of chemically isolated hemosideim and feme hydroxide 
sideim 111 hepatic paieiichynial cells had solubility piopeities which weie v 
diffeient fiom those of chemically isolated hemosideim and feme 
Intiaeelhilai hemosideim, chemically isolated hemosideiin, and g 

dioxide veie almost insoluble m isotonic saline and phosphate bufter ^ 
at neutiality A laige fiaction (50 to 80 pei cent) of intiacellulai , jj,’ 

especially that pi esent ui the cytoplasm of parencbjunal cells, was so , 
citiate buffei solutions, ionic stiength 0 50, at oi neai iieutia U 
chemically isolated hemosideim and feme hydi oxide were almos ^ 
undei the same conditions Puitheimoie, withm a pait of the lange 
intiaeelhilai hemosideim had a high solubility (pH 6 1 to 7 0), of 

known composition appealed in the tissues neai the sites o g 
hemosideim These crystals did not appeal in noimal hvei ce fgnic 
not formed m the piesence of chemically isolated oi moie 

hydroxide The results indicate that the problem of oi-vstalliza 

forms of hemosideim by chemical extraction at neutiality, oi a 
tion 111 situ, can now be approached 
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115 INFARCTION OF THE MOSCLL BINDLES OP THE IIEjVRT 

WiluviiB AVvetman MD wd Johv C Soi ijfrs AID (Bi Invitation), 
Chicago Iix 

The object ot tlus imcstigation was to determine whether mjocardial in 
larcts arc conflned to the muscle bundles of the beait oi oeeiir wntliout regard 
toi them Poi tins purpose the topogiapln of seicnts two infarcts in fiftj 
luiselected heiits was plotted and eompaud with the Imowm topography of the 
four chief muscle bundles of the eaidiac leutrirlrs (superficial sinospiral, super 
iicial hulbospiral, deep sinospual and deip biilhospiral muscles; It was found 
that all the mfaicts followed definite patterns which coincided wuth the patterns 
of either one ot moie of the fom muscle bundles Twentj fi\e of the infarcts 
(35 pel cent) m twents oue cases (42 per cent iinoKcd either a single super 
licial or a single deep bundle The supeificial muscles wcie imoUed eithci 
alone oi wnth a deep muscle in 74 pei cent of infarcts The deep muscle bundles 
were invol%ed, cither alone oi with a supcificid muscle iii 51 per cent Do 
pending upon the thickness of the lentricnhi wall incohed it was possible to 
distinguish three tjTics of intarels full thnkness massne hut not full thick 
ness, and laminat lufaiets Ruptine anennsm loimation and mm al thrombosis 
of the left \outriele were laigeh depeiKlont upon tlie number of muscle bundles 
nnohed and the thickness of the mfaiet Atnal mfaicts were present in 42 
per cent of the hoaits The immediate mortaliu of imocarcbal infaiction was 
not inlTuenccd by the tluclaiess of the mfaiet the nnmher of muscles included 
111 it, nor bj the inTohcment of am specific muscle 


U6 INTERRED A.TION OP PTEROAXGLETAAIir ACID AND VITAAIIN 
B, IN INDLCED aVNEAIIA OF SAVINB 

HonERT AV Heinle, MD AnNOLn D AVelch AID ind Henri L Shorr, B "s 
(Bt Invitvtion), Clfvelind Ohio 

Swme maiutauied on a pterovlglutaniic acid (PQA) deficient diet, wath 
'vitamin free” casern as the souicc of protein develop severe macrooitic 
nneraia with megaloblasts m the bone nianow Such animals respond a\eil to 
PCrA imtialh , but as the dcfioicncv is maintained the abihtj to respond to PGA 
mmimshes Administiation of puiified luei esli acts then eiokes a response ff 
h\er estiact oi a source of cstnnsic factor ’ is giseii before PG V a poor ic 
sponse can bo ehcitecl once or twice aftei which no furthci response can be 
obtained until PGA is administeicd 

Two animals showed a slight icsponse to lelitivel^ laigc doses of \antho 
pteim, but much less than to PGA 

One pig mauitamed on the PGA deficient icgmien for seieral months was 
5,1'cn large amounts of Iner evtiaet and latci vitamin Bn Theie was an initial 
partial lesponse, aftei which bloocl -values weic maintained bcttci than pievi 
“aslj hut never became normal Ai'eij marked macraej tosis developed am! 
persisted Administration of PGA then caused piompt disappearance of macro 
ej tosis and blood v alues became noimal 

Vitamin B, deficiency was induced m swine bj a diet containing alpha 
Pmtem of soj beans, supplemented with methionine as the source of piotem 
PGV was administered dailj Severe anemia developed in which niacioevtosis 
J'jw lass marked and developed moie slowly than m the PGA deficient animals 
The marrow did not contain megaloblasts These animals responded to cnstal 
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hue Yitamin Bjo In one pig, theie weie peculiar double and tuple leticulocyte 
peaks, each of which occuried after a single injection of vitamm Bi-, 

These findings indicate that PGA-defieient sivine fed “vitamin-fiee” casein 
develop a deficiency of both PGA and the antianemia factoi (s) of hvei (solely 
vitamin B12?) Eithei PGA or livei extract will induce a hematopoietic re 
spouse, but both eventually aie ineffectual unless the othei is present This 
indicates that both factors aie reqmred foi normal hematopoiesis m swme 
While vitamin Bj, deficiency lesults in anemia, a deficiency of PGA 
appeals to be importantly involved in macroeytosis and megaloblastosis It is 
suggested that in human pernicious anemia a double deficiency also exists 
The PGA deficiencj'" may be the lesult of dietary madequaey or of disordered 
metabohsni of PGA The deficiency of vitamin Bjo usually is dependent on an 
inadequacy of “intimsic factoi” in the gastric secietion but presumably can 
result from dietaiy deficiencies of vitamin B12 and other factors 


117 COBBELATION BETWEEN MBOSB NUCLEIC ACID DEPLETION 
AND OTHER SIGNS OP LIVER DAAIAGE AS INPLUENCED 

BY VITAMIN Bi 2 

Dieter Koch-Weser, M D (By Invitation) , and Hans Popper, M D , 

Chicago, III 


Disappearance of cytoplasmic ribonucleic acid compounds which are sup 
posed to play a significant role in piotem formation is one of the fimt signs of 
hvei damage Theiefoie, in compaiison with twelve contiols, the iibonucleic 
acid depletion (as leeogmzed histologically) in thiity-six lats, foity-eight horn’s 
after mtiapeiitoneal mjection of a sublethal dose of caibon tetrachloride, was 
coil elated ivith other signs of liver damage such as hydropic sweUmg of the 
paienchynial livei cells, uiciease of biomsuLfalem retention, decrease of total 
livei proteins, and increase of histologically and chemically demonstrable fat 
Chenucal fractionation of total fat levealed the phospholipids leinarkably con 
stant, while aU changes in the total fat were caused by vaiiations of the neutral 
fat Recent investigations had suggested that vitamin B12 is important 111 the 
formation of iibonucleic acid compounds and subsequently it was demonstrated 
m this labor atoiy that the pathologic changes resultmg from caibon tetia 
chloride (CCL) intoxication was significantly less pronounced m rats 
had previously received very large doses of vitamin B12 Therefore, foityeig 
such protected rats were also included m the comparison 

In the individual animals of the intoxicated as well as the protected group, 
there was a parallelism in the degree of the different alteiations This par a 
ism was marked between the degree of fatty deposition and biomsul a era 
tention The increased bromsulfalem letention was ^°rind more le a e 
ciiculatoiy embaiiassment by the fat deposition (as judged from t e p 
of erythrocytes m the smusoids) than to hvei cell damage yri rlie 0 , ’ 

theie was an almost as marked paiallehsm between liver eeU damag , 


cleic acid depletion, and decrease in hvei piotem ^ ^ ^ „p„tpi of 

Smce with small doses of CCL ribonucleic acid depletion in 
the lobules can be produced without other evidence of Hm’tipe 

Iibonucleic acid depletion is apparently one of the basic factor 
of hvei damage Moreover, vitamin Bi- seems to ^plated to die 

facihtatmg the formation of iibonucleic acid ^ as ntanim 

assumed role as synthetizmg iibonucleases of gioudh , j the enzyme 

Bi 2 Their mflucriee on piotem formation in turn may co 
regeneration m livei damage 
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These eYperieacea suggest the investigation of the effect of yitaimn in 
different types of liver diseases In view of the relatively large doses necessary 
foi effect m rats, variations in vitamin Bi content possibly explain the erratic 
lesults obtained with livei extracts in these disorders 


118 EONIAGOB— A VASODILATOR SUBSTANCE CONVERTED 
IN THE ORGiVNISM TO NICOTINIC ACID 

S ilLiiix White, M D Minne-Ipous, Minn 

Eoniacol a vasodilator sabstanee which la eomerted m the oxganism to 
nicotinic acid is 3 pydndme methanol or B pyndj I earbinol (the alcohol cor 
responding to nicotinic acid) and has the following structural foiraula 

H 

c 

HC^ % CH.OH 

hH IlH 

V 

Duimg the experimental period, the code designation for the compound 
was Nu 2121 

Eoniacol is a nonvolatile solid freely soluble m water and in alcohol and 
of low toxicity for animals Administration of the human dosage to dogs 
foi thiee months produced no adverse effect on weight blood formation or 
nonprotcin nitrogen In all inimals poweifnl vasodilator effect on both 
coronal y and peripheral cironlation was observed 

Thcic ire several conditions m which prolonged vasodilation should be 
of benefit particularly in treatment but also m diagnosis These include 
conditions in which coromry renal oi peiipheral cerebral i aseulai spasms are 
mvoh ed Collateral circulation is of paramount importance w hen the vascular 
lumen IS nail owed 

To he effeetue in aiduig nutrition in an area with deficient vascular 
supply brief and evanescent dilation m collate! al vessels requires fiequent 
repetition of the dilatoi effect A piolonged dilator effect is to he sought and 
should aid in establishing permanent dilatation of the vessels involved 

Relatively free from uncomfortable or deleterious effects and capable 
of causing an immediate visible flushing of the skin when given by mouth 
the diug can be repeated as often as desired 

This preliminary report is concerned with two conditions ui which vaso 
spasm and vasodilation in a collateral circulation are important, the angina 
peetoiis syndrome and peripheral vaseulai lesions 

In angina pectoris Roniacol has appeared repeatedly to increase tolerance 
for exercise and to extend the range of activity without occurrence of pam 
In peripheral vaseulai disease the drug has been used to determine whether the 
total circulation of the involved parts can be improved and in eases showing 
improvement sympathectomy may be expected to be effective 
Cases illustiative of the foiegoing conditions are cited 



1766 


C£,Na'KAL bOCIETY I OR CLINICAL RESEARCH 


119 RAPID TREATLIENT OP ACUTE GOUTY ARTHRITIS BY CON 
CURRENT ADMINISTRATION OP PITUITARY ADRENOCOETICO 
TROPIC HORMONE (ACTH) AND COLCHICINE 

■VViLLiAiM Q WoLPSON, M D , Clvrence Cohn, M D , and 
Rachiiiel Lewne, 31 D , Chicago, III 

(Introduced by Sajiuel Soskin, 31 D ) 

Clinical gout appeals to lequiie two encloeiine distnibanees An abnoimal 
male &e\ lioimone seems to legulate appeaiaiice of iiiheiitecl bypeniiicemia 
Gout patients also appeal lelatively unable to meet acute lelative glycocoiticoid 
lack with a pioinpt ineiease in iiiocluction 3Vheii glycocoiticoid lack oceius 
it tends to peisist and to pieeipitate acute gouty aitliiitis Heilman and 
Robinson, Conn, Block, and Louis indueed acute glycocoiticoid lack by admin 
isteiing ACTH in iiitei val gout and then withdiaiYing tins hoimone and found 
the piocediue to pieeipitate acute gouty aithiitis in a inajoiity of patients 
Then oliseivations have been eonfiimed 

ACTH, given dm mg acute gouty aithiitis, lepaiis the glyeoeorticoid lack 
and lapidly tei inmates the episode Howevei, given alone, ACTH is not satis 
faetoiy theiapy foi acute gouty aithiitis In most patients the lelative 
glycocoiticoid deficiency which follows hoimone withdiawal piecipitates a 
lenewed attack slioitly aftei withdiawal 

Colehieine, given dining oi immediately aftei tieatment of acute goiiti 
aithiitis with ACTH, effectively ovei comes the tendency of ACTH withdrayal 
to pieeipitate a lenewal of the attack Single 50 mg doses of ACTH 
(Aimoui) have effectively teinnnated most attacks within foui horns Oeca 
sioiially a second oi thud dose has been lequiied at si\-houi uiteivals aftei 
the fiist Although a iiumbei of the episodes tieated had been piolonged 
and lesistant to pievious theiapy, no ACTH-tieated attack has peisistecl 
11101 e than twenty-foui liouis aftei hoimone theiapy was begun 

Colehieine administi ation has been begun eithei with ACTH adiiniiistia 
tioii 01 foui houis following the last dose of ACTH All patients have been 
colchiemized to toleiance and maintained on daily siibtolei aiice doses of cm 
clucine foi at least two weeks No patient who has leceived combined ACiM 
colclnenie theiapy has had eieii a nnnoi leciiiience of acute gouty aitnntis 
within one iiiontli of ti eatnient , 

Coneuiient administi ation of ACTH and colchicine appeals to be tlie mos 
lapid and effective available tieatment foi acute gouty aithiitis In yiev 
of the lelative scaicity of ACTH, the small amounts of this hoimone wmc 
aie lequiied constitute a paiticulaily desiiable featuie 


120 EPPECT OP HYPERVENTILATION ON THE HE3I0EESPIRAT0E 
EXCHANGE IN NOR3IAL PERSONS, PATIENTS 3VITH 
PUL3IONARY E3IPHYSE3IA, AND PATIENTS 
3VITH CARDIAC DYSPNEA 

Russell H 3Vilson, 31 D (By Invitation), Crug W Borden, 31 D 
(By Invitation), and Richard V Ebfrt, 3ID 

3Iinneapolis, 3Iinn ^ 

Respiiation aids in luaiiitaimng a noiinal blood pH jh pei 

tension of caibon dioMcle in the alveoli and hence in the ot tbe 

ventilation in noimal peisons pioduces alkalosis bi sudden louein. 

cilveolai and blood pCO 
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The purpose o£ this sUidj wns to ilctciuuiiL the itspouse to voluntarj 
hjpeiientilatiou of patients iiitli (bspnei secoiuhij to hesit disease oi eluonic 
pulmoiiiij cmpliiseim In («cho itoimal poisons iouiteeii cndiae patients 
and tiielie patients iiitli piilmonan emphssciiia the total lung lotaiie and its 
subdivisions the iniiiute loliime o\j gen uptake CO chaiiiiatioii arteiial blood 
pH CO eoiitcnt and oxygen saturation vscic measured in the basal state and 
after tiio minutes of soluntari lijpemcutilation The pCO of aiteiial blood 
was estimated flora the nomogiam of Singei and Hastings 

In the gioup of patients luth emphjacma the lesidual air was mailtedh m 
cieased iiith a concspondiiig rcduelion in \itai capacit) the total lung lolume 
being noimal Patients iMth heart disease showed a reduction m Mtal capaeits 
and total lung -volume with a noianal residual air 

lleaii values before and aftei In pel ventilation m normal peisons and 
patients with caidiac djspnea vvcic vciv similai In the group of jiatieiits with 
cmplivsema the initial pCOj was elevated and the oxj gen satuiation was dmim 
ished the value for the foimer being 50 mm Hg and foi the latter S3 par cent 
The blood pH was iionnal as the lesult of a eompensatoij increase m plasma 
bicaibonate Voliintaiy h> pel v entiHtion was lehtivelj inellfeotiie in this 
group and did not sigiiifioanth altci the initial v allies 

Heiioe patients with caidiac djspnea bke noimal persons have ventila 
toia contiol over blood pH InabiliH of patients with euiph} sema to inoieaso 
alveolar ventilation effectively hj maximal effoit results ui seuous nnpaii 
inent of ventilatoij regulation of blood pH This defect leiidcis these patients 
paitioulailj vnluciahle to metahoho and respnaton aeidnsis and is a constant 
till eat to life 


121 A SINGLE SCALE ABSOLUTE READING EAR OXIJIETER 
r VRL H Wood JI D Roouesteb AIinn 
(Introduced by C E Code JI D ) 

Two modified oximetei eai pieces weio calibrated on the basis of then re 
sponses on empiiical optical filteis using the single scale ciicmt desciibed 
In Wood and Geraei 

Eaipieee 1 was used to deteinuiie aiteiial oxygen saturation on thirty 
tluee eais of eighteen noimal subjects Thiiteen woie white and five were 
Negioes Ages langed fiom 2 to 50 jcais The aveiage saturation obtained 
"lien the subjects were breathing air was 96 7 + 0 3* (93 101) per cent and 
99 4 + 0 4 (94 106) per cent when bieathiug oxygen 

Earpiece 2 was used on twenfj font cars of seventeen noimal subjects 
Twelve weie white two were Chinese and thiee vveic Negioes The average 
aiteiial satuiation was 96 7 ± 03 (94 100) and 997 ± 05 (96104) pei cent 
when tilt subjects weie bieathmg an and oxygen respeetivelj 

hightcen simultaneous Van 9]ylve and oximetiic dctermiuatioiis of iitenal 
oxjgen satuiation were made on six patients with congenital heart disease 
(luring supine lest breathing an oi oxygen, standing and walking The pei 
tent aitenal oxjgeii satuiation by Van blyke analjsis of radial arteiw blood 
iveiaged So and ranged fioni 39 to 100 poi cent The standaid deviation of 
the (iifteienees between simultaneous Van Sljke and eai oximetei deteuunra 
t ions m these hypoxemic patients was 4 pel cent 

The number followine tlie 4 slsn Is the stanJarU erroi ot the mean X = 2 S 
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The instrument can be A C oi batteiy opeiated, is compact, lelatively 
inexpensive, simple to opeiate, and is appaiently aeeuiate enough to wan ant 
Its use for most clinical estimations of aiteiial oxygen satin ation 

« 

122 STUDIES OF HEMAGGLUTININS IN CONGENITAL 
AND ACQUIRED HEMOLYTIC ICTERUS 

Cl\ude-Starr Wright, M D , Matthew C Dodd, Ph D (By Invitation), and 
Bertha A Bouroncle, MD (By Invitation), Columbus, Ohio 

With the Technical Assistance of Charles A Cunningham, B S 

The immunohematolo gists studying the Rh mechanisms developed a series 
of techniques for demonsti ating incomplete (blocking) antibodies Avhich have 
proved useful in investigating othei hemolytic anemias To the Coomb’s, 
“developmg” and “conglutination” tests, Wheelei, Luhby, and Scholl have 
recently added a technique,* previously suggested by Bui net, Pickels, and 
Quilhgan, using enzyme-ti eated noimal led blood cells foi detecting incom 
plete Rh antibodies in sera They found the technique a simple, reliable, sensi 
tive, inexpensive, and rapid scieenmg test foi demonsti ating incomplete Rh anti 
bodies in seia of Rh-negative women We have added this to the batteiy of tech 
niques in the study of congenital and acquiied hemolytic icteiiis The follow 
ing obseivations have been made (1) 255 noimal seia gave no agglutination 
with trypsinized red blood cells (2) In twenty cases of acquiied hemolytic 
icterus, one oi both tests were positive in sixteen cases, foniteen ivith 
tiypsmized led blood cells, fourteen with Coomb’s seium (3) In twenty one 
cases of congenital hemolytic icteius, one oi both tests weie positive in eight 
eases, six with tiypsmized red blood cells, foui with Coomb’s seiura 

It IS concluded that (1) the tiypsinized led blood eeU test is a valuable 
adjunct for demonsti ating incomplete antibodies in acqmied and congemtal 
hemolytic icterus (2) In acquiied hemolytic icteins the avidity and titeis of 
the trypsimzed red blood cell test aie generally greater than vnth the Coomb s 
test, however, they run a closer parallel in acquired than congemtal types 
(3) The Coomb’s test, contiaiy to recent claims, has not been a lehable means 
of differentiating acquired and congemtal hemolytic icterus thus far in oui 
hands 


123 CAVITY POTENTIALS OP THE HUMAN VENTRICLES 

Henry A Zisimersian, M D , and Herman K Hellerstein, M D , 

Cleveland, Ohio 


(Introduced by Roy W Scott, M D ) 

The mtracavitaiy potentials of the human left ventiicle have been 
by letiogiade arterial catheter ization In eight men, 48 to nf the 

the left ventricle was entered successfully in six, while in two the ip 

b 

I- 

Suspension incubated thirty minutes 37" C with rrequeni -ajiny Make a 2 pe/ 

supernatant and wash enzymized red Wood cells three times alniitinatlon v,ith nor 

cent cell suspension in saline Suspension is checked for nonspecific aggiut ^ 

Serial dilutions of the patients serum are made with 0 1 mi Incubate 

■:inline Two drops of the above suspension of trjTisinized red blood cells arc 
at 37 ° C thirtj minutes and read for agglutination 
Normal sera are run as controls 
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catheter eleoliode nas obstructed by the aoitie valve All patiOTts had aortic 
insufficiency, inth an average pulse pressure of 98 mm Hg The right ven 
tricle potentials were obtained by venous eathetei motion 

In the region of the upper part of the mterventiicular septum, curves 
from the right ventricle showed a small B wave and a deep S wave, in the 
corresponding region of the left ventricle the complcv was of the QS variety, 
with an initial slurring on the downward limb coiiesponding to the B wave of 
the right ventricular lead In no ease was a positive deflection recoided in the 
left ventricle m tins region These findings are consistent with the current 
belief, proposed by yVilson, that the upper pait of the intci ventricular septum 
13 depolarized from left to right 

In one ease, howeicr, curves from the ape\ of the left ventiicle showed 
a definite B waie and a deep S wave The origin of tins B wave is obscure 
and may he due to ( 1 ) depolaiization of the lower septum from light to left, 
01 ( 2 ) to the tip of the catheter electrode being situated in the apev which would 
be ‘ facing” the waie of depolarization passing down the Purhinje system of the 
left lentnele 

Premature heats were most fiequently piodueed when the catheter fiist 
entei cd the eavitj of the left ventricle m the uppei septal region In several 
eases runs of veiitrieulai beats oceuried for two to four seconds, spontaneously 
disappearing when the catheter was wuthdiaivn or passed forward toward the 
apex Premature beats onginatmg from the endocardium of the left ven 
tnole piodueed a wide QS complex, and usually a positive QES complex m 
the light and left aim unipolar leads and a negative QES complex m the left 
foot unipolar lead 

Tracings were also obtained above the aortic rmg and m the arch of the 
aorta The ventricular complexes resembled those of the right arm unipolai 
lead. Thus in a patient with ST elevation m aVr, and depiession of the ST 
segment in V 3 0 and in aV, the ST elevation in the lead fiom the arch of the 
aoita indicated that essentially cavity potentials weie being leoorded in aVr 
and aortic leads Howevei aVr did not resemble the intracavitary lead in all 
cases One patient with marked left axis deviation and left ventricular hypei 
trophy had positive aVr and aV„ but the cavity leads of the right and left 
lentiicles had net negatuo xalues 


124 A STUDY OP PULJIONABY HEMODTNAjnCS DUBINB 
PNEUJIONECTOMY 

A PREIJMINABr BePOBT 

Henry A Zisimekm vn, H D , Harvey IIIendelsohn, H D , Atsip 
iVrthur Adeehian, M D , CLEVELASn, Ohio 

(Introduced by Boy W Scott, SI D ) 

Cournand has studied pulmonary hemodynamics before and after pneumo 
ueotomy in human beuigs, but there are no published data on the changes 
oeoumng during the actual operative piocedure AVe bare studied five 
patients undergoing pneumonectomy by the technique of right heart catheter 
wation dining the operation, when a sudden burden may be expected to be 
thrown on the vascular bed of the lemaming lung following bgation of the 
opposite vessel A cathetei is placed lu the pulmonary artery opposite to the 
one to be ligated sxxty muiutes before the induction of anesthesia Basal 
cardiac output and initial pressures me recorded and subsequent pressure 



1770 


CENTR/VL SOCIETY FOR CLINICAL RESEARCH 


levels aie detei mined at fifteen-minute mteivals thioughout the entne piece 
dure, including the peiiod immediately follo-vviiig ligation of the pulmonary 
aiteiy Intia-aiteiial biaehial piessiue, phase of lespiiation, pulmonaiy 
arteiial piessuie, and the electiocaidiogiam aie lecoided simultaneously on a 
six-channel oscfilogiaph described elsewhere In two patients who had lesions 
which were not resectable, pulmonary artery pressure nieasui ements weie 
obtained after tempoiaiy ligation of one pulmonary artery 

We have demonstrated a consistent average use in pulmonary arterial 
pressure of 50 per cent above the basal level in all instances immediately 
follorving ligation Pulmonary artery pressures dropped to near basal levels 
by the end of the operation m the three patients in whom resections were 
done This took an average time of forty-five minutes These findings agree 
with the recent work of Long and associates in dogs 

We believe that the pieopeiative measurement of pulmonary arterial 
pressure is an important adjunct m the evaluation of the patient’s suitability 
for pneumonectomy This immediate use m pulmonary arterial pressure, with 
the sudden load thrown on the right ventricle, may be responsible for une\ 
pected deaths which occur after ligation of a pulmonary artery 

Scott and Zimmerman have shown that elevated pulmonary arterial 
pressures due to a variety of causes may be lowered by ammophyllme The 
effect of this drug administered prior to ligation of the pulmonary artery is 
under investigation 
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Antidiuretic substance in urine of patients 
with cardiac failure, 1585 

Antigen D (Kho), intentional isoimmumza 
tions against, 270 

Antigens, fungus, serologic relationship of, 
1096 

sonic vibrated leptospirae as, in complement 
fixation test for diagnosis of lep 
tospirosis, 1411 

Antirabbit hemolysin, production of, 1692 

Antithrombin and heparin in human blood, 
631 

Aorta, coarctation of, surgical resection and 
repair of, intra aortic blood pres 
sure during, 1601 

Aortic wall, phosphatase m human, presence 
of, 1617 

Apparatus for desiccation of bacteria and 
other substances, simple mexpen 
sive, 1315 

for recording blood pressure, an electronic, 
143 

mixing and shaking, a simple, 140 

ArsenicrSj biologic studies with, 1366 

Arterial disease of leg, inhibition by normal 
sympathetic vasoconstrictor tone 
of spontaneous development of a 
collateral circulation in chrome 
obliterating, 1581 

oxygen saturation in man, photoelectric 
determination of, 387 

Arteriovenous aneurysm. Streptococcus vin 
dans endarteritis of an, cured by 
penicillin and surgical excision, 
221 

Artery, pulmonary, idiopathic dilatation of, 
1742 

Arthritis, gouty, rapid treatment of acute, 
by concurrent admimstration of 
pitmtary adrenocorticotropic hor 
mone (ACTH) and colchicme, 1766 

rheumatoid, neutropema and splenomegaly 
associated with, 1726 

Arthus and tuberculin hypersensitivity, a 
comparison, 1596 

Ascites, effect of rigid sodium restriction in, 
1029 

Ascorbic acid and pteroylglutamic acid, in 
terrelationship between, 1724 

Aseptic grinding of small amounts of tissue, 
simple method for, 1021 


Atlierosclerotic lesions, retrogression of, on 
cessation of cholesterol feeding in 
the chick, 1427 

Atropme sulfate and Dibutolme, effect of, on 
nocturnal gastric secretion m man, 
1620 

Aureomycin assay for capillary blood and 
other body fluids, simplified tur 
bidimetric method of, 1682 
blood and cerebrospinal fluid concentrations 
of, after oral and intramuscular 
administration, 366 

effect of, on urobilmogen formation and 
the fecal flora, 1743 

in VIVO action of, upon pleuropneumonia 
like organisms associated witli 
various rheumatic diseases, 1404 

Auncles, pathologic and electrocardiographic 
study of the, 1617 

Azoalbumin, use of, as a substrate in colon 
metric determination of pephe 
and tryptic activity, 428 


lacteria, desiccation of, simple inexpensive 
apparatus for, 1315 

fecal aerobic and anaerobic, of patients 
with chronic ulcerative cohtis, cer 
tarn effects of chemotherapy on, 
1725 

gram negative, in vitro effects on, of strep 
tomycm combined with penicillin 
and/or sulfadiazine, 186 
lacterial pyrogen, typhoid, febrile respoMe 
to intravenous injection of, umu 
ence of various disease states up 

pyrogens in treatment of malignant 

tension, further experience wit»; 

toxins, hVart block following medullarj 
perfusion with, 1751 

3acterimetiic studies, 501 car 

Jacteriologic course of chronic 

rier, effect of cholecystectomy on, 

lacteriophage typing of Salmonella typhi, 

Jalantidium coli in feces, g*^lor°'ll54 

— 

3arium chl|id£exper^^^^^^^^^^ 

usf of urinary pigment creatmmo 

ratio for, 151^ , periodic 

metabolism, determination of, ^^V^P 
maximal exhalatio , 

Beta hemolytic streptococM ^ 

tions, cardioyascmar ^ 
rats subjected to o P £j, ji45 
B.hrubm in urine, new tablet 
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Uvologvi- iK.riods of iudiuui iit uormai 

man, la coogestivo heart failure 
and in nephrotic sj-ndrome as Oc 
termtned bj Na as the tracer 1 
rates of isotopes, theoretic considerations 
of K 

Bjatcrial dctenmnation of phenol in 27o 
studies with orsemefo, 13GG 
Biuret aad K^eldahl determinations of serum 
proteins studies of difCcrencea be 
tween 117o, 1178, 1183 
Blood and broaclual secretions, recovery of 
Histoplasma c«ap3ulatUDi from pr» 
marj histoplasmosis with 12D0 
and cerebrospinal fluid concentrations of 
aureomjem after oral and intra 
muscular admini&tration 360 
lud tissue fluids, quantitative apeetro i 
graphic analjsis of GIG 
and urme broniate in, detection of 424 
antithroiabm and hepann in human 631 
capillary aurconijcm assay for simplified 
turhidinietric method of lOSi 
Uotlmg defect protaniino titration as in 
(lication of m certain hemorrhagic 
states ^73 

coagulability aa influenced by digito\in 
fltudiea on lo20 

coagulation defect in thfombocitopeiac 
purpura 761 
dynamics of, 1579 
effect of plasma proteins on 477 
in leucemia and poly cy tbeniia 1321 
component A (prothrombin) la human 
state of 1203 

concentration of its assay and roiation 
to labile factor, 973 
creatinine and glucose approsuniato as 
twnatioa of lu one procedure 
Simple test for, 720 
donors causes for rcyections of 814 
enzyme studies on human 477 
DOW estimation digit suupUfled venous 
occlusion method of using the 
Burch "Winsor plethysmograph 
1718 

glucose m detenmnation. of true by re 
duction of ferncyanide, 713 
neophilia like disease m vromCD 151 
Jodiae effect of retained bronchial Lip 
lodol on 1510 

level studies on teronterin metabolism 
,501 

ievola vitamm A and glucose effect of 
epiuephnao on in Bonnal and 
cirrhotic subjects 1279 
peaiciliin assay micromethod for 1687 
pressure intra aortic during surgical re 
section and repair of coarctation 
of aorta IGQl 

or ambulatory hypertensivo subjects 
effect of miminal aodmm diet on 
1380 


recordia^ of, electronic apparatus for 

prrthtombm activity ot human 1203 173: 
pump suitable for desien of 1S81 


Blood — Cottt d 

rate of disnppeaiance of transfused gam 
i»a globulin from immuuochem 
ical estimation of in hjpopro 
teiseroift, 1066 

red cell and plasma cholinesterase activ 
itv electrometric method for de 
teiiQinatiOji of 1564 

‘lerum cholesterol variations in human 
significance of 147o 

sifkle cell disease study of bv measur 
lag survival of transfused red 
blood cells 60 

•kludge phenomenon clinical evaluation 
ot J609 

ttiQ<ifu3iOQ8 hvpeittu'.iou during for 
hemorrhagic 'ihock in patient 
TTith unilateril lenal ischemia 
'*84 

tv pea (liatribut on i>i »n the leucemms 
1587 

Body fluids Actinonivces bovis in C ' 

aureomycin assav for lapiUary blood 
and other aimplifled turbidimetnc 
method of lo82 

radioactive phosphorus (P* ) m meth 
ods for determmatioju of loiil 

sodium m man detercun itioa of total 
vnth radio-»odiuQi * 1?^*! 

Bone marrow radioisotopes of vttrmm zir 
co&iuni and columbiam in con 
trolled seleitni l> \b/ation of 
30o 

studies in poljcvthcmn of liie,h ^ltItlldeH 


037 

Bound gluco-^ammc ot serum mu oi 1 m dn 
betes mellitu ilb 

Bowel small changes in aniehia«i‘i 2 oO 
Brain ovidations dipre‘>vion of studies on 
846 , ^ 

tumors malignant nj take^ of tndtoactive 
phoaphoru** bv 58/ 

Bromato in blood and urine detection of 42o 
Bromsulfolcm and rose bengal teats a com 
pari'50n of 246 

ciearancu 965 i , i. 

Bronchi clinical physiology of^^ftcct of lugU 
vagus section upon 3 30 
Bronchial Lipiodol retained effect of on 
blood lodme loib 

Broncho'ipasm methacholmo i n d u e ^ 

guinen pig3 appmisal of anti 
activitv bv prevention 


of 1010 , ^ „ 

nicella abortus heat killed foraation of 
antibodies in human, subjects after 
ingestion of 744 

rucellosis human histopathology of Iner 

iibblo flow ^eter opticalij recording 
adapted for measurement of renal 
blood flow 146 

urch Winsor plethyamograph siinpbfied ve 
nous occlusion method of digit 
blood flow estimation using i»A» 
tvDO plcthysmographic cups substance to 
seal 4S8 
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Cadmium reaction, practical test for evalua 
tion of serum lability, comparison 
viitb ceplialin cholesterol floceula 
tion and thymol turbidity test, 
1162 

Capillary fragility studies (Gothlin test) on 
100 patients receiving Dicumarol, 
448 

resistometei, evaluation of a new the 
Petechiometer, 1714 

Carbon dioxide mcubator, conversion of a 
standard incubator to, 865 

Carbonic anhydrase activity in sickle cell 
anemia, sickle cell trait, and per 
nicious anemia, 1249 

Cardiac decompensation, oral Mercuhydrin 
combined with ascorbic acid in, 
1750 

factors in “neurogenic” pulmonary edema, 
1734 

failure, antidiuretic substance in urine of 
patients with, 1585 

output of normotensive and hypertensive 
patients, effect of tetraethylam 
momum bromide on, 1622 

Cardiodynamic and renal changes in sponta 
neous and nephrogenic liyperten 
siie dogs in response to tissue 
injury, 1753 

studies in chronic pericarditis with effus 
ion, with particular reference to 
the mechanisms of fluid aecumula 
tion, 1598 

Cardiovascular changes following experimen 
tal administration of barium 
chloride, 1733 

lesions in rats subjected to group A beta 
hemol>tic streptococcal pulmonarj 
infections, 1604 

Caronamide, colorimetric determination of, 
some factors involved in, 509 

Catheters, intravenous, expansile needle for 
introduction of, 584 

Cavity potentials of human ventricles, 1768 

Central Society for Clinical Research, Twentj 
Second Annual Meetmg, Nov 4 
and 5, 1949, Proceedings of, 1579, 
1724 

Cerebral injury, acute closed, quantitative 
studies of treatment, by hyper 
tonic intravenous glucose or sur 
gical decompression, 1755 

Cerebrospinal fluid and blood concentrations 
of aureomycm after oral and in 
tramuscular administration, 366 
histamine content of, observations on, 
250 

Chemotherapy, certain effects of, on fecal 
aerobic and anaerob c bacteria of 
patients with chronic ulcerative 
colitis, 1725 

Chloride and chloride space in dogs, rates of 
turnover and biologic decay of, 
determined with the long life iso 
tope, C138, 1589 

Chloromycetin admmistration, hemopoietic 
changes during, 1747 


Cholecystectomy, effect of; on bacteriologio 
course of chrome typhoid earner, 
549 

Cholesterol desoxj cholic acid, stable antigen 
in flocculation test for liver dys 
function, 1049 

Cholesterol feeding in cluck, retrogression of 
atherosclerotic lesions on cessation 
of, 1427 

variations in human blood serum, sigmli 
cance of, 1473 

Cholesterol free diet, effect of, on serum 
cholesterol of normal and tliiou 
racil treated dogs, 1602 
Choline, effect of, on changes in liver com 
position during protein depletion, 
953 

Cholmesterase activity in the blood in he 
matologic disease, studies of, 178 
Chorioallantoic membrane, isolation of herpes 
simplex virus on, 402 

Chorionic gonadotrophin and extracts of male 
urine, quantitative response of 
prostatic and phosphatase of im 
mature rat to, 1727 

renal and extrarenal disposal of, in mi 
mediate postpartum period, 1613 
Circulation, collateral, inhibition bv normal 
sympathetic vasoconstrictor tone 
of spontaneous development of, in 
chronic obhteratmg arterial dis 
ease of leg, 1581 
peripheral, measurement of, 1614 
time m man, estimation of portal, 674 
Circulatory reactions to ephedrine and neo 
synephnne in normal man, mnii 
ence of Dibenamine upon, 669 
Cirrhosis of liver and ascites, effect of rigi 
sodium restriction in, 1029 
Clinical and laboratory effects of Iij_potonic 
intravenous infusions, 1745 
observations m fatty mfiltration o ' 
liver, 1760 ^ 

of Aerosporm (Polymyxm B), '^4 
evaluation of a new lipase prepar > 
1754 

physiology of bronclu, effect of high vOoUS 
section upon, 1730 

Clinical pathological survey of 108 u er 
lous patients, 159- 

Clotting de^e^,nP—^^^^^^ 

states, 473 , 

Coagulability of blood as mSuenced bj di. 
toxin, studies of, 1620 

C.as»l.l..n arfe.t .» •‘'-'■“I'''''”' ' 
pura, 761, 12^/ 
dvoiamios of, 1579 

effect of pJasma proteiM 01^4/7^^^^ 
m leucemia and poljcytl ’ and 

Coarctation of aorja, su^icd 
repair of, Ja^a “u i 
sure durmg, 16U4 ivitii 

Cold application, effect 

anginal pectoris, lo83 

effects of, on man, 1616 
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Cohtis ciuonic ulcerative lecal aerobic and 
anaerobic bacteria of patients 
with, ccttaio effects of chemo 
tJierapv on J72o 

ulcerative Viocfenum m treatment of 1621 
ColloiOal red test as inde\ of hver djafune 
tiou, G02 

Colloids contaming radioisotopes of >ttnum, 
zirconium, columbium and lau 
thanum studios i\ith 297. 305 
Colon, loops of, sterilization of deiunction 
aluedj m preparation for anas 
tomoais Mith other viscera, loo9 
Colonmetrie detormmation of Caronmiide 
somo factors iniolvcd in j09 
of peptic and tryptic activity, azoalbu 
mm as a substrate in 428 
Complemcot tbiation test clinical and epi 
dezmologic studies of mumps em 
plojmg the 1599 

for diagnosis of lcpto«pirQsi3 some 
vibrated leptospirae as antigens 

in nil 

Component A (protbrombm) in blood eon 
centration of its assaj and rcla 
tion to labile factor 073 
state of, 1203 

Coflgeaital idiopathic methemoglobinemia 
, 1876 

loalformahon of heart, tuo rare eases of 
cyanotic group right heart cathc 
tenzation and angiocardiographic 
studies 1737 

toagestiTc heart failure biologic decay pe 
nods of sodium m as determined 
by ffa^ as the tracer 1 
Connective tissue response of to piczoelec 
trically actn e cry stals o 
Coombs developing test m spherocytic hemo 
lytic anemias 768 

titer variations in acquired hciuolitic 
anemia ICl-i 

bom sugar allergic reactions following in 
travenous infection of 1741 
Coronary disease continuous Dicuniarol pro 
pbyla.\is in, 1749 

flow volume effect of heparm and Dicu 
marol in increasing, 797 
Corpuscular constants hematologic slide rule 
for calculating 434 

Corynebactenum diphthenac, modified Loef 
fier 3 medium for cuUivatuig 592 
Creatinine and glucose itx blood approvmate 
estimation of, in one procedure 
simple test for 720 

‘ ry oglobuUn high coaccntration of irt 
plasma of mnUiple myeloma, 10o7 
Cnshing’s syndrome cure of metabolic 
changes induced by subtotal ad 
lenalectomy resulting in effects 
of later administration of ACTH 
1591 

B 

t^epressiofis of bram oxidations, studies o® 
n 84G 

vsicoation of bacteria and other substance'* 
Simple inexpensive apparatus for 


Desoxycortu I terune aeet ite anJ anterior 
i tiiitaiy c\ti la experimental 
VI uKr dis a s due to tompaTi 
s II ot function il change 1410 
effect ot ui cxpeiiDKntil iivpertension 
further stuJits on IoJj 
B tsoxvjy ridoMue jyndoxme deftcieaex in 
human beings induced uith i''30 
Determination of aittrul oxvgeo ituration 
m man photoelectn 3S7 
of tat vn feces u ing Moj >nruer extnction 
flask® 14~1 

of fe al fat and fatty acids imple method 
for 282 

ot til rm appearance timo meth 1 for 1:53 
of glucose in vmn<- Sumrur hrutio alnvhc 
acid method ± r cittluitiou of a 
modified 144 

of phenol in biologic material " > 
of procami aul p luimflkii oi acid spec 
trophotomi tne metliol tor 822 
of protein in lerum an 1 m fra tions ob 
fainel from scrum iwth a biuret 
reajj^ent prepirod ^itli sodium hv 
dr»Aide 11 I 

of raJioactivQ phosphorus (T ^ ) in bo Iv 
fluida methods for 1.>U1 
of red blood cell and pJ^mi chohnestera c 
activitv electromctrjc method tor 
3564 

of suUoaamido «en’iti\it\ m vitro simple 
method for and its clinical appli 
cation 340" 

of true fflucosi^ m blood by reduction of 
ferricvanide "13 

of urobilinogen in unne and stool simpli 
fied equipment for 2S" 

Deuterium oxide and thiocyanate spaces in 
protein depletion 680 

Developing test (roonibs) in spherocytic 
hemolytic anemias 7C8 
Dcxtro'50 allergic reactions following uitra 
venous injection of 3741 
Diabetes detection l/So 
induction m man with pituitary adreno 
corticotropic hormone lactabolista 
of uric acid glutatluoae and ni 
trogen and excretion of 11 oxy 
steroids and 27 I ctosteroxda dur 
lag 2a5 

melhtus bound glucosamine of serum mu 
cold in 110 

Di ibetic ind nondiabetic subjects vibratory 
perception in quantitative studies 
of 172S 

Dialysis across tlio intestinal mucosa treat 
meat of uremia by 1761 
Diathesis hemorrhagic associated with low 
ihrombopiastic activity and a cir 
cuIatiDg anticoagulant 1606 
Dilieuamuie influence of upon circul itorv 
reactions to ephcdniie and neo 
synephnue m normal man C60 
Dibutolino and atropine bulfate cfTci-t of ou 
nocturnal gastric st-cretion in man 
3020 

ns antidote for dii opropyl fluorophoiph itc 
poisoning m mice 123 
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Dicumarol and lieparin, effect of, in increas 
mg coronary flow volume, 797 
capillary fragility studies (Gotlilin test) 
on 100 patients receiving, 448 
propliylaMS, continuous, in coronal y dis 
ease, 1749 

therapy, one stage and tw o stage prothroni 
bm methods in control of, with 
remarks on Ac globulm, 806 
Diet, cholesterol free, effect of, on serum 
cholesterol of normal and tluoura 
cil treated dogs, 1602 

Digitoxin, blood coagulabilitj as influenced 
by, studies on, 1620 

Di lodoi 1 fluorescem, detection of mtra 
cranial tumors by, 1580 
Diisopropyl fluorophosphate poisoning in 
mice, Dibutoline as an antidote 
for, 123 

Dimethj lethei of d tubocurarme iodide, 516 
Dinitrosalicylic acid method for determina 
tion of glucose in unne, evalua 
tion of a modified Sumner, 1447 
Diseases of cold temperature climates, specu 
lations on, and on nutrition and 
the pituitarj adrenal avs, 1616 
Diuretic sodium sulfate, experimental m 
fusion of, changes observed fol 
lowing, 1732 

Dogs, collection of lymph from right thoracic 
duct in, technique for, 1576 
spontaneous and nephrogenic, cardiody 
namie and renal changes in, m 
response to tissue injury, 1753 

E 

Ear oximeter, a single scale absolute reading, 
1767 

Edema formation in lungs, mechanisms of, 
observations on, 1544 

hereditary angioneurotic, report of a case, 
524 

Electrocardiogram of normal and malaria 
infected monkeys, 1106 
Electrocardiographic patterns in persons over 
80, 1597 

Electrokymograph, mounting for, a new, 1298 
Electromagnetic flow meter, newly developed, 
1706 

Electrometric method for determination of 
red blood cell and plasma chohn 
esterase activitj, 1564 

Electronic apparatus for recording blood 
pressure, 143 

Electrophoretic pattern of serum and plasma 
111 liver diseases, comparison of, 
with special refeience to gamma 
globulin fractions, 1600 
Emetine in tissues, distribution of, 818 
Emission spectrograph, use of, for quantita 
tive determination of Na, K, Ca, 
Mff, and Ee in plasma and urine. 

Encephalitis, Japanese B, report of five cases, 
1656 


Endarteritis, streptococcus viridans, of an 
arteriovenous aneurysm, cured bj 
penicillin and surgical excision, 
221 ' 

Enteric pei fusion, use of hypertomc solutions 
for, 944 

Enzyme studies on human blood, 477 
Eosin acetone and phloxine propjlene gljcol 
diluents in eosinophile counts, 
comparison of, 1017 

Eosinophil response m adrenocorticotropic 
hormone (ACTH) therapj, 1740 
Eosinophils, differentiation and enumeration 
of, in counting chambei with glj 
col stain, 1096 

Ephedrine and neosjmephnne, circulatorj re 
actions to, in normal man, inllu 
ence of Dibenamiiie upon, 669 
Epidemiology of infectious hepatitis, obser 
vations on, 1588 

Epmephrine, effect of, on vitamin A and gin 
cose blood levels in normal and 
cirrhotic subjects, 1279 
Erythroblastic hyperplasia, induced, in rab 
bits, effects of nitrogen mustard 
on, 902 

Erythiocjte iron turnovei, 1480 
Exacerbation of alloxan diabetes m nncc bi 
injection of typhoid vaccine, 467 
Excit ition, spiead of, through the lentricu 
lar myocardium, studies on, 1738 
Expansile needle for introduction of infra 
venous catlieters, 584 

Expel imental administration of barium clilo 
ride, cardiovascular ciianges fol 
lowing, 1733 

hypertension, effect of desoxycorticosferone 
acetate in, further studies on, 
1595 

infusion of diuretic sodium sulfate, ciianges 
observed following, 1732 
malignant hypertension in the dog, enect 
of rutin on liemorrliagic plienoni 
eua of, 1608 
peritonitis, 1175 

production of megaloblastic aueiiim, ii- 
study of effect of zircomum and sodium 
citrate tieatment on metabolism 
of plutomum and ndiov ttrium, 
313 

syphilis in rabbit, 1748 

uremia, dietary and Iiormon il influences , 

925 

r 

Fat emulsions for intravenous nutrition 

man, 699, 1027 irmnnmer 

deteiminatiou in fetes ^ 

exti iction flasks, 14 il 

Fittv iiiflltiation of liver, cliniuil and loo 
ratorv observations m, liOU 

Febrile response to intravenous ^oject 


sponst to influ 

typhoid bacterial PJ ogen, mfl^ 
ente of various dnea.t 
upon, 1400 
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iecal aerobic ami anaerobic bacteria of pii | 
ticnts \utli chronic ulceratno co | 
htis, certain effects of chcmo 
therapy on. 1725 

fat and fatty acids, determimition of 
simple method for, 2S2 
flora, ntobibnogcn formation and, effect of 
aureomycin on, 1743 

Feces, Balantidium coli in, galvanotactic pro 
cedure for concentration of 1154 
fat determination in using Mojonnier c\ 
traction flasks^ 1471 

Femcj anide, determination of true glucose 
m blood by reduction of, 713 
Fibrin appearance time determination of 
method for, 133 

Fibrinogen. B teat and intravascular tUroin 
Iwsis 1352 

Fibrogenesia, ability of galvanic current flow 
to stimulate 610 

Floccalation test for liver dysfunction, cho 
lesterol-desoxj cholic acid a stable 
antigen for, 1049 

With Hayem’s solution evaluation of 
053 

tcU , interpretation of results of on basis 
of biopsy findings and protein 
partition, 1736 

Flo^r meter, electromagnetic, newly dcvel 
oped, 1706 

Fim3«, blood and tissue, quantitative spec 
trographic analysis of, Old 
bodj, Actinomyces bovis m, 077 
iolic acid, therapy of pernicious anemia with 
a long term evaluation of 1<47 
4 ammo pterojlglutamic acid, effect of on 
ur^ry excretion of 17 ketoster 
Olds and corticosteroids in acute 
leucemia, 1606 

Free valine, tryptophane, and histidine ol 
plasma, concentration of, in 
joung and old, determined writh 
microbiologic methodj 234 
Freezing drying sections simplified vacuum 
dehydration technique for. 292 
^rog, North .American (Rana pipionsj preg 
nancy test, appraisal of vrith sug 
gested modification of original 
technique 554 

Fungus antigens, serologic relationship or, 
1096 


G 

Galvanic current fiow^ ability of, to stimulate 
fibrogeneais, 610 , 

Galvanotactic procedure for concentration oJ. 

Balantidium coli m feces 1154 
Gamma globulin rate of disappearance or 
transfused, from blood in hypo 
protemenua, immanochemical esti 
mation of 1066 

Gases, anestlietic, concentration of 

effusion meter for measuring, 566 
respiratory, vacuum sampling tube for, Sol 
Gastric secretion m dogs and gastric ulcer 
formation m rats action of 
Thephorm upon histamine induced, 

372 
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nocturnal effect of atropme sulfate and 
Dibutolmo on 1020 

f lumirulonephntis spontaneous and induced 
in an inbred strain of mice 200 
Glucose allergic reactions following intra 
venous in3eetion of, 1''41 
and creatinme m blood approximato esti 
mation of m one procedure, 
simple test for 720 

m blood determination of true b> reduc 
tion of ferncjanide <13 
m urine determination of Sumner dioitro 
<^alicylic acid method for evalua 
tiou of a modified 1447 
TLual tubular transport mechani m for 


studies on 1018 

spinal fluid quantitative micrometliod for 
pediatric ward laboratorj 725 
tolcrame for changes in and m morphol 
ogi of pancreatic islet cells in 
dneed b> intravenous glucose in 
dogs, l<b0 

Glucosunn and hyperglycemia following tli> 


treated rats 492 

Gothlm test for capillary fragibty studie 
of on 100 patients receiving Ui 
cumnrol, 448 

Gram npgotwe Iraoteria m vitro etfccts of 
on streptomjcm combined with 
penicdliD and/or sulfadiazine J86 

Grinding aseptic simple method for of snnll 
nmounts of tissue 1021 


failure 


Innccr ceplialin cliolesterol test comparison 
linger V cholesterol desoxjcholic 

acid in test for liver dysfunction, 
1049 ,, , 

lav em s solution flocculation test vvith eval 

nation of 653 

Icon block foUovviag medullary pcrfooion 
With bacterial toxins li51 
coogeiutal malformation of, tiio rare 

^ of cjanotio group right heart 
catheterization and angiocardio 
graphic studies 1737 
eWesUTO and U>'ponatrcmia, un 
to\^d effects of mercurial dmre 
sis 1590 

biologic decay periode of sodi^ m as 
determined by Na s as the tracer 

infaretioii of muscle bundles of, 
tSc, control of, with an mtraeardiao thcr 
mode, 1607 , 

piiotura of, spontaneous following acuto 
rupture infarction, 1759 

*bcrden s nodes relationship of menopause 
' to degenerative joint disease of 

fingers 1193 , 

'maggltttimns m congemtal and acqmred 
^ hemolytic icterus, studies of l^rCS 

•matoent and plasma protems of albino 
.maiQcn ^ hyaluromdaso on, 

S34 
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dj sfunction, tholesterol deboxycholio aeid a 
stable antigen for flocculation test 
for, 1049 

colloidal red test an index of, 662 
fatty infiltration of, clinical and laboratorj 
observations in, 1760 

in human brucellosis, liistopathology of, 40 
needle biopsy of, usmg oxidized cellulose 
and thrombin to prevent hemor 
rliage, 422 

ladioisotopes of jttrium, zirconium, and 
columbium in, controlled selective 
localization of, 305 

Loeftler ’s medium, modified, for cultivating 
Gorynebacterium diphtheriae, 582 
Long life isotope, Cl^c, rates of turnover and 
biologic decaj of chloride and 
chloride space in dogs determined 
nitli, 1589 

I ouei nephron nephiosis, altered renal func 
tion in, nature of, 31 
management of, further experiences in, 
1609 

Lungs, edema formation in, obseriations of 
mechamsms of, 1544 

Ljanph, collection ot, from right thoracic 
duct in dogs, technique for, 1576 
Lymphocyte, its relationship to immunologic 
processes in the cat, 158 

ilacerator for small samples of tissue, 1027 
Malaria infected monkevs, electrocardiograms 
of normal and, 1105 
quinine dihjdrochloride in, lethal effects 
and electrocardiographic changes 
produced bj, 1109 

Malignant hypertension, bacterial pyrogens 
in treatment of, further studies 
nitli, 1756 

Manometer calibrator, Warburg, 1702 
ileasurement of renal blood flow, optically 
recording bubble flow meter 
adapted for, 146 

Mega esophagus, pathologic physiology of. 

Megaloblastic anemia, experimental produc 
tion ot, 1724 

Menopause, relationship of, to degenerative 
yoint disease of fingers, 1193 
ilercuhj drin combined nith ascorbic acid, 
oral, in cardiac decompensation, 
1750 

Mercurial diuresis, effects of, in congestive 
heart f iilure and h\ ponatremia, 
1590 

diuretic, Tluomerin a new, clinical studies 
on, 1254 

Metabolism, iron, 1480 

of plutonium and radioy ttrium, experimen 
tal study of effect of zirconium 
and sodium citrate treatment on, 
313 

of uric acid, glutatluone and mtrogen dur 
mg induction of diabetes in man 
nith pitmtary adrenocorticotropic 
hormone, 255 


Met ibolism — Cont ’d 

teropterin, blood lei el studies on, 501 
tjrosme, m human scurvy, 1491 
Methachohne induced fatal broncliospasm 
m guinea pigs, appraisal of anti 
cholinergic activity by prevention 
of, 1010 

Mice, adaptability of, to laboratory diagnosis 
of tuberculosis, 1081 

Microbiologic determination of concentration 
of free valine, tryptophane, and 
histidine of plasma of young and 
old, 234 

Micromethod for blood pemcillm assay, 1687 
ililk, human, excretion of penicillin in, 197 
Monjonnier extraction flasks, fat determina 
tion m feces usmg, 1471 
Monkey s, normal and malaria infected, elec 
trocardiogram of, 1105 
Mononucleosis, infectious, false positne tri 
china precipitin tests in, occur 
rence of, 543 
pancreatitis in, 1671 

Morphine sulfate, control comparison of Mj 
220b (3 hydroxyl N methylniorpln 
nan hydrobromide) vnth, for re 
lief of postoperative pam, 1758 
Mounting for electrokymograpli, a nen, 1298 
Mumps, clmical and epidemiologic studies of, 
employing the complement fisahon 
test, 1599 

vaceme, studies on human volunteers, 199 
Mycobacterium tubeiculosis, cultivation of, 
733 

infection (H37RV) in protein deficient 
rat, electrophoretic, circulating 
plasma protein, hematologic, hema 
topoietic, and pathologic responses 
to, 335 

Myeloma, multiple, high concentration _ot 
cry oglobulin in plasma of, lOoi 
Ml ocardial infarction, acute, spontaneous 
rupture of heart following, Im" 
by auricular catheterization, prehmi 
nary report on study of, 17<ji 


arcolepsy and cataplexy, s^ll^ate block m 
management of, 1745 
isal and bronchial allergy,^ nebulized ry 
benzamiiie in, 1078 

lusea and vomiting, occurrence ot, aim 
intrav enous administration 
amino acid mixtures, ® 

tamie acid levels and, 1-36 
ledle, expansile, for introduction of i 
V enous catheters, o84 
iphrotic child, ammo acid composit on 

proteins excreted by, significance 

of, 326 , f g„(]j 

syndrome, biologic decay periods of som 
urn in, as determined by 
the tracer, 1 , 

irvous system, degenerative dm®a® ’ 
ammo acid cardiac 

'I’euiogenie” pulmonary ed , 

factors m, 1734 „„ociated 

utropenia and 1726 

with rheumatoid arthritis, 
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Newcastle \iru3 m human respirator) infec 
tion** occurrence of antihcnmi, 
"lutinins against, with a po''SibIc 
instance of \iru3 isolation, JoSl 
Nitrogen mustard effects of on induced 
erythroblastic lijporplisii in rab 
ints, 902 

Np^ tbniethyl N - tluazoU 1 N p methox) 
henz) I ctliylenedianuno h ) d r o 
chloride (104 B), expcrinicntal 
and clinical stud^ of, 1007 
Nocturnal gastric accretion in man effect 
of atropine sulfate and Dibiito 
line on, lOJO 

Nunprotem nitrogen, li)pobromite iiietliod 
for, photometric modification ot 

bi 

Nutrition ititrayeiious, fat emulsions f<»r 
030 1627 

parenteral, 6S8, GOO, 1G27 
Nutritional neuropath) effect of vitamin 
By on painful aspects of, prelimi 
nary report, 1532 
status and infection response 335 
Mj 06 (3 h)dro'^\ N mctli)l morphinim 
h)drobroraido), control compan 
on of, witli morpluno sulfate for 
relief of postoperative pain, 1759 
Ben Tnnlgesic obaer\ atioiis on u o of, 
1530 


homogenates and urine, tliroiuboc>to 
. pen in, reliable test for, 1330 

disease of pituitar) alter itions m 
testicular structure, and function 
n 

wsiiiized cellulose and thrombiu use of, in 
needle biops) of Ixyer to present 
hemorrhage, 422 

xiraeter ear a single scale absolute read 
ing 1707 


Idncreatic disfunction and luer disc i3< 

i anereatitis, alcohol and 844 
m infectious mononucleosis, 1071 
rayenne m treatment of angina pectori; 
p le evaluation of, 992 

rasitism intestinal, in Nmencan trooj- 
. in German), 1284 

renteral alimentation stud) of coinplett 
on doLs 1121 
nutrition GS8 G99 ie27 
‘irciysmal myohemoglobinuna witli fot; 
I tenal tubular injur), 1744 

iuti.olog,c conditions pin ma tocoplien 
leiels in Minoiu 048 
PUlair” “F esoplingu-. 1739 

b a trvptophanc in liuiimii, therapeut; 
1 II e”y‘’tof, 40) 
uiciiun excretion of m huiiidii iiiilh 4E 

nucroniethod for Idood is^ay 1687 

of for aust lined cftecL. t 
Went of pneumoi otcal pneumonia b; 
in iqueous solution at long iiite 
n]« o9 


Peptic and tnptic activit) colorimetric dc 
termination of azoalbumm as i 
substrate in, 428 

X ergastnc intestinal perfusion vicarious 
excretion by means of IoSj 
P ericarditis with effusion chronic cardio 
dynamic and renal studie witli 
particul ir reference to niocluuisms 
of fluid accumulation 1598 
Periplitnl eirrul ition effects of intravcnou 1) 
j Irainistcred histamine on 380 

III i urenn lit of 1G14 
1 tritoiiitis experimental 1175 
P» niieious ineniia etiologii relation hip of 
I hylia g istriea to observation 
on 1 lOl 

litiguil manifestations of rPbpouse of 1 > 
ptc ovlglutamie an I in I vit uuiu 
It 439 

siikl (ill anemia and sickle cell truf 
arbojin anhvdra e activity in 
J240 

therapv of with lolic acid a longterm 
evaluation of 1747 

Mlainn B,. in oral almiiustration of 
liOO 


PUiihiom ter i.yaluition of new capillary 
re istomoter 1714 

Phurmae j1o„\ of alhltlnomcth)! an 1 n 
! utyliliiomct)i)!peuici]iiD 126 
Phenol in I loJo^ic m itenal determination of 
2 o 

Pheochromoevtomn phrsiologic and i 

rob gic studiex in a ca e of ii 
Phloxine propvlenc gl>col and cosm acetone 
lomparismi of m eo mophil 
cuuts 1017 

Phosnhata e m human lortit wall preeme 
of 1G1« ^ ^ , 

Phosphorus radioactive uptake of b) maiig 
nant brain tumor o^i 
iJiotoclectric determination of arterial ox)gcn 
saturation in man 38» 

Pl,„.„me.r,c_ mod.fic-i.tou of 


j».olo„io*'iua phnrmucoIogiO 6tua.es in u 
^ cuso of pl.cochroraocjtom . 1-ul 

raio patliologv of moyi c opliagus 1. J > 
OTcldctncolI} cctl.e costul 
tonnectn o tissue to, 

lu.tarv Tlrcnocort.cotropic hoc ui o u t 

^ f VCTH) and lolchicmt ‘ 

treutmeut of acute gout) arthr.t,, 
by concurrent idministration 

wcanie d.sM c of .Iterations >» 

^ structure niid function m “ , 

.sum ...neroluenlh oMa.ncI, ..uprovel 

.,ce for 111.9 

“"”Ga?tk.tnoac.crn,’:.,.t.o,. of uc 
Lonceiitratioii of soung an 1 

"'.tl. nuJ-rol... 

logic uietlio I 311 
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of multiple myeloma, high concentration of 
cryoglobulin m, 1057 

protein^ and hematocrit of albino rat, 
effect of hyaluronidase on, 834 
effect of, on coagulation of blood, 477 
prothrombin free, stability and activity of 
human and bovine m determina 
tion of prothrombin by dilution 
method, 1356 

radioiodine, effect of thyroid secretory 
activity on distribution of, 1520 
tocopheiol levels in various pathologic con 
ditions, 648 

Platelet studies with a new photographic tech 
nique, observations of character 
of, 1604 

Plethysmograph, Burch Winsor, simpliOed 
venous occlusion method of di<»it 
blood flow estimation using, 1718 
Plethysmograpluc cups of Burch Winsor type, 
substance to seal, 438 

Pleuropneumonia like organisms associated 
with various rheumatic diseases, in 
vivo action of aureomycin on, 1404 
Pneumococcal pneumonia, pneumococcus 
types, mortality, bacteremia, and 
purulent complications in, at the 
Cincinnati General Hospital, 1936 
1949, 1757 

treatment of, by penicillin in aqueous 
solution at long intervals, 59 
Pneumonectomy, pulmonary hemodynamics 
durmg, study of, 1769 

Pneumonia, pneumococcal, pueumococcus 
types, mortality, bacteremia, and 
purulent complications in, at the 
Cincinnati General Hospital, 1936 
1949, 1757 

treatment of, by penicillm in aqueous 
solution at long mtervals, 59 
Poisonmg, diisopropyl fluorophosphate, in 
mice, Dibutolme as an antidote 
for, 123 

Poliomyelitis, Lansing type virus of, trans 
mission of, in mouse experiments, 
improved technique for, 560 
Polycythemia, blood coagulation in, value of 
heparin clotting time and clot re 
traction rate, 1321 

of high altitudes, bone marrow studies in, 
637 ’ 

vera mth hepatic vein thrombosis case re 
port with serial liver biopsies and 
apparent recovery, 1593 
Poljmyiin B, laboratory and clinical observa 
tions on, 751 

Polyvinyl alcohol ii\ative as preservative and 
adhesive for protozoa m dysenteric 
stools and other liquid materials, 
1554 

Popliteal vein, division of, in valvular in 
sufficiency of deep venous system 
of loner extremities, 1755 
Portal circulation time in man, estimation of, 

674 

Precordial leads, diagnostic \alue of hivh. 

1618 “ 


Pregnancy test, male North American frog 
(Eana pipiens), appraisal of, with 
suggested modifications of origmal 
technique, 554 

Procame and p aminobenzoic acid, determina 
of,^ S|)ectrophotometnc meth 

penicillin in oil treatment of syphilis with, 
998 

Protamme tntration as mdication of clotbng 
defect in certam hemorrhagie 
states, 473 

Protem depletion, deuterium oxide and thio 
cyanate spaces in, 680 
liver changes during, and effect of 
choline upon these changes, 953 
hydrolysates, antigenic, production of ana 
phylaxis in guinea pigs with 
weakly, factors influencing, 531 
in serum, determination of, and in frac 
tions obtained from serum with a 
biuret leagent prepared with 
sodium hydroxide, 1171 
Protem deficient rat, Mycobacterium tubercu 
losis (H37EV) infection in, elec 
trophoretic, circulating plasma 
protein, hematologic, hemato 
poietic, and pathologic responses 
to, 335 

Protems excreted by nephrotic child, amino 
acid composition of, significance 
of, 326 

Prothrombin activity of human blood, 1739_ 
determination of, by dilution method, 1356 
estimation of, use of Russell viper venom 
and lecithin as thromboplastin in, 
458 

in human blood, state of, 1203 
methods, one stage and two stage, in con 
trol of Dicumaiol therapy, "dh 
remarks on Ac globulin, 80G 

Prothrombin free plasma, stability and 
activitj of human and bovine, m 
deternmiation of prothrombin by 
dilution method, 1356 

Protozoa in dysenteric stools, polyvmy) 
alcohol fixative as preservative and 
adhesive for, 1554 

Pteroylglutamio acid and ascorbic acid, inter 
relationship between, 1724 
and vitamin B^, interrelation of, m m 
duced anemia of swine, 1763 
response of lingual manifestation 
of pernicious anemia to, 439 
antagonists hematologic changes , 
in guinea pigs by prolonged a 
ministration of, 883 , 

Pulmonary artery, idiopathic dilatation o , 
1742 

edema, “neurogemc, ” cardiac factors m, 
ITS'i 

hemodynamics during pneumonectomy, 

study of, 1769 , ^ 

streptococcal infections, group - 

hemolytic cardiovascular lesions 
rats subjected to, 1604 

Pump suitable for blood, design ot, looi 
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Purpura, idiopathic thxomboejtopenic aimul 
taneous cesarean section and 
splenectomy in 1580 

thrombocytopenic, coagulation defect in 
observations on, 1227 

PjTribenzarQine nebulized la nasal and broa 
chial allergy 1078 

Pjndoxine deficiency m human beings la 
duced with desoxypyridoxinc, 1730 

Q 

Quantitative determination of baTbxturatc? 

modiiied •ullraMolet spectxopboto 
metric method for 1462 
of Na, K, Ca, Mg and Fo in plasma and 
brine use of emission spcctro 
graph for, 625 

indirect method for estimation of hepann 
activity m vitro 1619 

spcctrographic nnaljsia of blood and tissue 
fioids 016 

spmal fluid glucose micromethod fox 
pediatric ward laboratorj, 725 

studies of Tibratorj perception, in diabetic 
and nondiabotic sub^t^cts 1728 

Quinidine gluconate a new intramuscular 
preparation of quinidme 1118 

Qumme dihyi-ochlonde in malana mfected 
monkeys, lethal elTects and electro 
cardiographic changes produced 
by, 1109 

R 

KadioacUve phosphorus in body fluids do 
termination of methods for 1301 
uptake^of by malignant brain tumors 

Sliver for detection of absce'sses and 
tumors use of, 1376 

Badiojodme m plasma effect of thjroid 
secretory activity on distribution 
of, 1520 

Radioisotopes of yttrium zircoaiura colum 
bium and lanthanum colloids con 
taming, studies with 297 

Radiosodium determination of total body 
sodium m man ivith, 1599 

Raaa pipiena pregnancy teat appraisal of 
with suggested modiflcntions of 
origuial technique 554 

•Recording blood pressure, electronic apparatus 
for 143 

Red blood cell and plasma cholinesteraso 
activity electrometric method for 
detetmmation of, 1564 

Renal blood flow measurement of optically 
recording bubble flow meter 
adapted for 146 

capacitj of normal hj’pertensive and 
cardiac failure patients to excrete 
sodium 1603 

lunctiou, altered, m lower nephron 
nephrosis nature of 31 

insutSejency fluid and electrolyte balance 
m management of acute 1812 


Renal — Cent d 

ischemia unilateral hypiertenaion during 
blood transfusions for hemorrhagic 
shock in patient with unilateral, 
784 

tubular inyury fatal paroxysmal myohemo 
globmuna with 2744 
transport mechanism for glucose studies 
on 16X8 

Rema sensitivity and hypcrtensinogea levels 
m adxenalectoimzed dogs 1594 

Respiratory gase<i vacuum '<amphng tube for 
881 

infections Newcastle virus in human oc 
currcnce of antihemagglutmms 
against with a possible instance 
of virus isolation IjSl 

Rh factor sensitizations to in Negroes 1071 

hapten experiences with prchminary re 
port of 1C03 

negative woman, intensive immunization 
of an already sensitized birth of 
mildly di«ea«ed baby 983 

Rhesus antisera and cells rare techniques to 
overcome lack of Hol 

Rheumatic disease diagno-'is of failure of 
sensitized sheep cell agglutination 
to clarify 1216 

pleuropneumonia like or^^attisms a^so 
ciated with m mo action of 
nureomicin on 1404 

fever prevention of after development of 
ft streptococcal infection an eSec 
tive method for 1598 

Rheumatoid arthritin neutropenia and 
splenomegalv a‘!sociated with 1726 

Riboso nucleic acid depletion correhtion be 
tween and other sign^ of liver 
damage as mflucnced by vitamin 
1764 

Boniacol a \a*:odilator substance converted in 
the organism to nicotinic acid 
1765 

Rose bengal and bromsulfalem teats a com 
parison 246 

Rus^sell viper venom and lecithin use of as 
thromboplastin m estimation of 
prothrombin 458 

Rutin effect of on hemorrhagic phenomena 
of espenmentai malignant hyper 
tension in the dog 1608 

S 

Salmonella typhi bacteriophage typing of 
739 

Scurvy tyTOsme metabolism m human 1491 

Sections preparation af b> freezing drying 
simplified vacuum dehydration 
technique for 292 

Semen inhibition of growth of Staphylo 
coccus aureus by human 1526 

Seminal stains identification of acid phos 
phatase test for 728 

Sensitizations to Eh factor in Negroes lO"! 

Sensitized sheep cell agglutination failure of 
to clarify diagnosis of rheumatic 
disease 1216 
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Serum albumm, hydrolyzed human, intrave 
nously administered, nutritive 
value of, in man, 1133 
and plasma in liver diseases, electrophoretic 
pattern of, comparison of, with 
special reference to gamma glob 
ulin fractions, 1600 

cholesterol of normal and thiouracil treated 
dogs, effect of cholesterol free diet 
on, 1602 

esterase, studies on, 858 
gamma globulms, turbidimetric determina 
tion of, as checked by electro 
phoretic analysis, 1610 
glutamic acid levels and occurrence of 
nausea and vomiting after intrave 
nous administration of ammo acid 
mixtures, 1238 

mucoid m diabetes mellitus, bound gluco 
samine of, 116 

protem in, determmation of, and in frac 
tions ob tamed fiom serum mth 
biuret reagent prepared with 
sodium hydroxide, 1171 
protems, biuret and Kjeldahl determina 
tions of, studies of differences be 
tween, 1175, 1178, 1183 
effect of occlusion of hepatic artery and 
ligation of gastroduodenal artery 
on, 1178 

sample analjsis, a smgle, limitations and 
merits of, m differential diagnosis 
of jaundice, 1259 

sickness, unusual clinical picture resemblmg 
prolonged, "thought to be caused 
by trichinosis,” 1611 

Sheep cell agglutmation, failure of sensitized, 
to clarifj diagnosis of rheumatic 
disease, 1216 

Sickle cell anemia, sickle cell trait, and 
pernicious anemia, carbonic anlij 
diase activity in, 1249 
disease, study of, by measurmg survival 
of tiansfused red blood cells, 90 

Sodium, biologic decay periods of, in normal 
man, in congestive heart failure, 
and in nephrotic syndrome as de 
termined by Na-^ as the tracer, 1 
diet, the mmrmal, effect upon blood pres 
sure of ambulatory lij-pei tensive 
subjects, 1380 

nicotinate, hyperbilirubinemic effect of, 
1039 

peiiiLillms, absorption of, lack of effect of 
Tween 80 on, 1443 

renal capacity of normal, hj'pei tensive, and 
cardiac failure patients to excrete, 
1603 

lestnctioii, effect of rigid, in cirrhosis of 
liver and ascites, 1029 

Solubilitj of human hemosiderin, quautita 
five studj of, 1762 

Some vibrated leptospnae as antigens lu com 
plement fixation test for diagnosis 
of leptospirosis, 1411 

Soibean phosphatide preparations, vasode 
pressor activity of, 688 


Spectiophotometric method for determination 
of procaine and p aminobenzoic 
acid, 822 

for quantitative deternunation of bar 
biturates, a modified ultraviolet, 
1462 

&pheiocjtic hemolytic anemias, Coombs de 
veloping test m, 768 

Spinal fluid glucose, quantitative microraetliod 
for pediatric ward laboratory, 725 
Spleen protection, effect of, on mortalitj fol 
lomng X irradiation, 1538 
radioisotopes of jttrium, ziiconium, and 
columbium in bone marrow, liier 
and controlled selective locahzi 
tion of, 305 

Splenectomy, effect of, on toxicity of Srs^ 
to the hematopoietic system of 
mice, 1640 

simultaneous cesarean section and, in idio 
pathic thromboc-ytopenic purpura, 
15S0 

Splenomegaly and neutropenia associated 
with rheumatoid arthritis, 1726 
Sprue, vitamin A in, absorption of unemulsi 
fled and emulsified, ll40 
Sputum, comparison of hydrochloric acid and 
tnsodium phosphate in prepara 
tion of, in Mj cobacterium tubercu 
losis, 733 

Staph} lococcus aureus, inhibition of growth 
of, by human semen, 1526 
Stellate block in management of narcolepsy 
and cataplexy, 1745 

Stomach, ulcer of, excisional, resistance of 
recently healed, to histamine in 
duced ulcer, 228 

Stool, urobilmogeu in, determ^mation of. 
Simplified equipment for, -o7 
Stools, dysenteric, protozoa in, polyvmjl alco 
hoi fixative as a preservative anU 
adliesive foi, 1554 

Streptococcal infection, prevention of rheu 
matie fever after the development 
of, an eflrective method for, loan 
Streptococcus viridans endarteritis of a" 
anteriovenous aneurysm, cured 
peniciUin and surgical excision, 
221 

Streptomyem combined with pn 

^ ^ sulfadiazine, in vitro effects or, on 

gram negative bacteria, ISO 
resistance of tubercle bacillus ^ ,, 

Sulfonamide sensitivity, and its 

vatro, simple method for, ana 
clinical application, 14oi 
Sumner s d'’»trosaheylio acid method 

SjiiUrome of “1 

penicillin m oil, 998 
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T 

Tabes dorsalis Kepler uater test in 830 
T ikata Vra reaction m differential diagnosis 
q£ jaundice 17o2 

Tcropterm metabolism blood level studies on 
501 

Torraetlijlamrooniom bromide effect of on 
cardiac output of noriaotensire 
and hypertensive patients 1622 
Theplionn aetiOQ of upon lustamino induced 
gastriQ secretion m dogs and on 
gastric ulcer formation in rats 
372 

Thiomerin, mercurial diuretic chnieal studies 
on 1254 

Shjdroxj N methylmorpluoau hydrobromide 
ob‘5erratioii3 on u^e of 1530 
Thrombin and oxidized cellulose use of m 
needle biopsj of liver to prevent 
hemorrhage 422 

Thrombocj topen studies on 1336 
Thrombocj topenic purpura coagulation de 
feet in 761 

simultaneous cesarean section and splen 
ectomj in idiopathic 1580 
ThromboomboliG disease in vitro hepann 
tolctUTicD test for evaluation of 
1223 

Thronaboplaatm RuiseU viper venom and 
Iccithm IS m estimation of pro 
thrombin 453 

Thrombosis intravascular fibrinogen B test 
and 1352 

TUjmol turlndjtj test standardized reagent 
for 877 

use of as lipni absorption test 105 
Thyroid administration in alloxan treated 
rata hyporgljcemn and glucosuna 
following 492 

secretorj activity^ effect of on distribution 
of radioiodine in plasma lo20 
Tissue aud bod) fluid Vctinomyces boris in 
677 

aseptic grinding of small amounts of 
simple method for 1021 
connective response of, to piczoelectncally 
ncluo crjstals 592 

fluids quantitative spectrographic analjsis 
of 616 

hematopoietic tumors of effect of arsenic o 
on clinical course of 1366 
nHCcrator for small samples of 1027 
responses to ph)sieal forces 592 610 
Titration heparin protamine cxpcnenco with 
lu86 

Tracer methods of 5 tud>^ng histochemical 
iron, 414 

Trichina procipitm tests false posilixe in in 
factious mononuclcosi«i occurrence 
of 543 

Tryptophano requirement minimum and 
unmiT) excretion of tryptophane 
b) normal adults S39 
therapeutic effvet of in human pellagra 
409 

Tuborelo bacinu« resistance of, to strepto 
raj cm 358 


Tuberculin aud. Vrthus types of hjpersenai 
ti\it> a comparison 1596 
Tuberculosis clinical pathological survey of. 
1592 

laboratorj Oiagnosia of, adaptability of 
mico to 1081 

ilycobactenum, cultivation of 733 
Tumors and abscesses radioactive silver for 
detection of 1376 

intracranial detuation of, b> di lodo^ai 
fluorescein 1580 

malignant brain, uptake of radioactive 
phospliorus bj 587 

of hematopoietic tissues effect of arsenic^c 
on clinical course of 1366 
Turbidimetnc assaj of hjaluromdase 74 

determination of aerum ganuna globulins as 
checked b) electrophoretic analy 

SIS 1610 

method of aureomjem assay for capillary 
blood and other body fluids a 
simplified 1682 

Turbidit) test thjTnol standardized reagent 
for 877 

tests thymol and zinc sulfate experiences 
with under pkyBiolomc and path 
ologic conditions 105 

Tween 80 lack of effect of on absorption of 
albumin tnd sodium penicilbnS) 
1443 

Tjphoid bacteria Pyrogen intravenous injec 
lion of influence of various dis 
ease states upon febrile responso 
to 1400 

carrieT chronic effect of cUolecysfectonij 
on bactonologie course 549 

xacciDC, exacerbation of alloxan diabetes 
in mice by injection of 487 
Tyaosme metabohsm m human scurv) 1491 

IT 
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